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PREFACE 
 

 

Relevant and balanced diet in the pre-school age plays an essential role in the cognitive, 

physical, mental, emotional and social development of children whose impact could be asserted 

in the adult life. Nutritional assessment in the pre-school age of children is crucial to establish 

the level of nutrition among the children. Dietary diseases in the adulthood are closely related to 

malnutrition in the childhood. 

 

The malnutrition in the children in pre-school age is the public health problem in the world. The 

faltering in the growth appears in the intrauterine life which continues as low birth weight in the 

postnatal life. The prolonged breast feeding, improper weaning and inadequate supplementation 

are intimately related to the malnutrition in the children. Moreover, insufficiency in the quantity 

and quality of food are the immediate causes of malnutrition, while, the food crisis, diminished 

purchasing capacity and calamity influence the sufficiency of food. 

 

The assessment of the nutritional status of the person or his family members or the society is 

essential in terms of public health. The nutrients have a role in the pathogenesis of diseases. The 

nutritional assessment is the elucidation of nutritional status data covering anthropometric, 

biochemical, clinical and dietary indices to determine the health status of individual based on 

intake of nutrients. 

 

The thesis is calibrated into four parts. The part 1 of the thesis is the introduction. It contains 

overview of nutritional status, concept of nutrition and various methods of assessment of 

nutritional status of pre-school children. The part 2 of the thesis is the critical review of scholar‘s 

published work. This section contains 9 chapters. Each chapter is sub-divided into 4 sections as 

literature review, contribution to knowledge, analytical discussion and conclusion. 
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Each chapter is focused on a specific topic related to nutritional status in pre-school children. 

The part 3 of the thesis contains the summary and the last part of the thesis is the annexure that 

contains the published papers, book chapter and books. The present thesis is based upon my 

research publications, book chapter and books. 
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1.1 Overview of Nutritional Status 

 

Nutritional status embodies the health of an individual which is regulated by the intake and 

utilization of nutrients by the individual. Nutritional status depends upon the consumption of 

balanced diet coupled with normal absorption and assimilation of nutrients. Furthermore, 

nutritional status of the individual signifies the prime essentiality of the healthy state of body that 

is maintained by adequate nutrition and normal concentration of nutrients in the body. 

Additionally, Nutritional status connotes the dynamic physiological state of the person that stems 

from the balance between the requirement of nutrients and the intake of nutrients with the 

absorptive and assimilative abilities of body. 

 

Nutritional assessment provides diagnostic tool in the hands of clinicians and dieticians 

towards understanding human health and diseases. It also exhibits potential prognostic 

capability in predicting survival, mortality, and morbidity. 

 
Applied Biochemistry is the branch of biochemistry which encompasses the fundamental 

concepts and practical knowledge of biochemistry that helps understand human health and 

diseases, investigate public health problems, assess the effect of nutritional deficiency on the 

human health, betterment in the yield of crops, and improve the pest control strategies for the 

benefit of human race. 

 
Research involves the individual‘s cognitive capability towards the systematic investigation of 

facts, phenomenon, and concepts either to reaffirm the existing ones or to confirm an innovation 

for the advancement of human knowledge. Practically, the scientific research study focuses upon 

defining and redefining the research problem; formulating the hypothesis; collecting, 

summarizing and analyzing the data; drawing the inferences and testing them to find out whether 

inferences fit the formulated hypothesis. The primary purpose of the research is difficult to 
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define and is immensely dependent on the disciplines in which the study is conducted. Broadly, 

the research study can be categorized into two main streams namely a pure research study and an 

applied research study. Moreover, any type of the research study is helpful to achieve a thorough 

comprehension of a topic or the issues of immediate concern to the society. 

 
The assessment of nutritional status envisages multiple steps. The fundamental step in 

nutritional assessment is the anthropometric parameters involving the measurement of 

 
baseline height and weight of the individual. The periodic record of change in weight of body, 

history associated with weight change, dietary pattern with weight change are the substantial 

findings that diagnostic and prognostic values in health and diseases. Moreover, the nutritional 

assessment encompasses additional dimensions like biochemical parameters, clinical signs and 

dietary assessment of human body. 

 
The biochemical parameters include the measurement of serum albumin, serum globulin 

serum total proteins, RBC count, hemoglobin concentration, estimation of plasma minerals 

concentration, estimation of plasma vitamins concentrations, plasma total iron binding capacity, 

plasma iron concentration, lipid profile, renal function tests and liver function tests to predict the 

health status and nutritional deficiency disorders. 

 
The clinical assessment of nutritional status comprises the detailed medical history, general 

physical examination, history of episodes of diarrhoea, history of medication, history of 

administration of nutritional supplements, history of acute upper respiratory tract infections, 

history of habit of clay eating and the history of oro-dental manifestations in order to delineate 

the clinical signs of malnutrition. 

 
The dietary dimension of nutritional assessment comprises daily requirement of nutrients, 

intake of adequate quantity and quality of macro as well as micronutrients, history of food 
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allergy, and intolerance to specific foods that essentially help understand the dietary needs and 

diseased state of the body of individual and further imparts significant knowledge in selection of 

foods from food groups and planning of balanced diet that cater to the needs of the individual. 

 

Nutritional assessment is the grey area for the researchers. It is advisable to prepare and 

propagate the national nutritional assessment protocol that should be merged with routine 

laboratory tests. 

 
The impaired nutritional status connotes malnutrition. It is a broad term which suggests the 

deviation from the normal nutritional status that could be either overnutrition or undernutrition or 

the nutritional deficiency of minerals in the body. 

 
The terms malnutrition and undernutrition are synonymously implied in the field of 

nutritional biochemistry to posit a state of derailed nutrition and nutritional status of the 

individual. The principal cause of malnutrition is based upon the aberrant dietary pattern  

of the individual leading to either intake of large quantity of foods exceeding the 

recommended dietary allowance, or consumption of high amount of carbohydrate enriched 

and fatty foods (Overnutrition), or intake of inadequate quantity and poor quality foods 

which are deficient of macro and micronutrients (Undernutrition). 

 
Furthermore, the undernutrition and overnutrition occur as comorbidity in developing 

countries in separate group of population. The overnutrition predominates among the children 

in the high socioeconomic zones, while the undernutrition is common in the children in low 

socioeconomic population. The phenomena of coexistence of undernutrition and overnutrition in 

the same, but subset populations are termed as double burden of malnutrition. 

 
Preschool children are best described by academicians and scientists as an age range 

 

between 2 years to below 5 years of age. During the preschool age, a child is trained for pre- 
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literary skills like use of educational toys, story books, and comic books. In the preschool 

age, the child is exposed to social interactions. 

 
Stunting constitutes the growth disorder that is manifested as the compromised growth and 

faltered development of the children during formative years of age owing to either malnutrition, 

or frequent attacks of infection, or affected psychosocial behavior. The stunting is defined as the 

clinical condition characterized by measurement of anthropometric parameters, height-for-age of 

the child is below (<-2SD) from the median of the WHO Child Growth Standards. 

 
Stunting represents the deficit linear growth of the child and represents chronic malnutrition. 

It is the potential biomarker of nutritional status of child exhibiting substantially its comorbidity 

with the child mortality rate and morbidity. It is associated with development of cognitive 

function, intelligence, sensorimotor reflexes, and child health in later part of life. 

 
Malnutrition is the clinical condition that manifests due to intake of either inadequate diet or 

excessive nutrients in the diet. The World Health Organization declares malnutrition as the major 

public health hazard. The prevalence of under nutrition among preschool children is rising 

especially in developing countries. 

 
Wasting is another form of acute malnutrition. It is defined as the weight-for-age of child below 

the (<-2SD) from the median of the WHO child growth standards. Wasting manifests due to 

either intake of low calories insufficient to sustain normal growth and development or the 

loss of nutrients from the body due to infection or both the conditions interacting in the 

vicious cycle. Malnourished children have compromised immunity and high predilection to 

diarrhoea, acute upper respiratory tract infection, tuberculosis, and viral infections. 

 
Dental caries is the bacterial infection affecting hard tissues of teeth and is characterized by 

initial decalcification of hard tissues of teeth followed by dissolution of organic portion of teeth. 



6 
 

 

Early childhood dental caries is the age specific dental caries in preschool children that is the 

chronic form of infection. It involves the deciduous teeth of children. It is the established dental 

health hazard in children in formative years of life. 

 
Today, oro-dental health of children is the serious concern for the parents, especially in 

developed countries and among educated urban population of the developing countries. 

 

The Dunning, 1986 established the close association between oro-dental health with the 

 

general health of children and adults. 

 

The children with early childhood caries develop anxious behavior. The appetite and growth of 

affected children are decreased. The interaction between oro-dental and systemic diseases is well 

established. The cardiovascular diseases and endocrine disorders like diabetes mellitus have 

substantial oro-dental complications. 

 
Anemia is the clinical condition characterized by reduced RBC’s count and or decreased 

 

concentration of hemoglobin in the erythrocytes in comparison to the reference value. The 

nutritional anemia manifests due to dietary deficiency of micronutrients like iron, 

cyanocobalamine, folic acid, or the composite cause determines the hemoglobin concentration 

and erythrocytic count in the body. The nutritional anemia constitutes the global health hazard 

affecting preschool children, women in pregnancy and lactation in both developing as well as 

developed countries. Iron deficit anemia contributes nearly 50% to the total children afflicted 

with anemia in the world. Pallor is the substantial clinical sign of anemia that is manifested as 

yellow discoloration of the mucosa, skin, nail beds, conjunctiva, and palm. Pallor is the 

important biomarker for anemia especially in remote areas where medical and paramedical 

facilities are inadequate. Pallor is the important clinical sign having its tremendous impetus in 

screening patients of mild to moderate anemia in primary health care centers. Moreover, 
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observation of pallor in conjunctiva, nail beds, and palm is having paramount clinical value 

where medical laboratory facility is scarce. 

 
Clay eating (geophagia) has been prevalent in human population since prehistoric times. It is a 

form of Pica. The word has meaning derived from the Latin word that denotes Magpie which 

is a bird with its incessant eating habit. According to American Psychiatric Association, 

geophagia is the intense urge for eating non-nutritive substances like clay, chalk, soil and chips 

from the walls. 

 

Geophagy is labeled as the global public health hazard that is associated with myriad of 

etiological factors like micronutrient deficiency, culture, and psychological stress, adaptive 

and psychiatric behavior. The world community of scientists is still ambiguous concerning the 

cause, pathogenesis and remedial measures as far as geophagia is concerned. 

 
Geophagia exerts deleterious effects on the affected population ranging from helminthes 

infestation, malabsorption syndrome, poor appetite, stunted growth and diarrhoea. 

 
1.2 Concept of Nutrition 
 

 

Nutrition is the cumulative activity comprising the intake of food and the influence it 

exerts on the body tissues together constitute the nutrition (Cambridge 2019) 

 

Nutrition is derived from the Latin word ―Nutritio‖ that conveys the meaning, ―feed or nourish‖. 

Nutrition is the physiological activity of intake of food and its digestion, absorption, assimilation 

and excretion that together constitute cumulative process essential for the maintenance of growth 

and development of body. In nutrition, one studies the interaction of nutrients and edibles with the 

body tissues (UNLM 2019; Whitney and Rolfes 2013). According to (WHO 2019), human body has 

dietary needs in relation to the physical and mental activities. These dietary needs are fulfilled with 

the intake of food and the act of food consumption by the individual is considered 
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as nutrition. Adequate nutrition is essential for the normal health of body and contrarily, 

poor nutrition results into compromised immunity, frequent infections, faltered growth and 

development (WHO 2019). According to (USNLM 1998), the science of nutrition deals with 

every phase of interaction between food and body tissues. 

 

Further, the author (USNLM 1998) describes the clinical nutrition is the applied branch of 

the science of nutrition and deals with the prophylaxis, diagnosis and treatment of nutritional 

and metabolic manifestations that appear in acute and chronic disorders owing to deficient or 

excessive calories and nutrients. 

 

1.3 Definition of Nutritional Status 
 

 

Nutritional status is defined as the health condition of the person which is the outcome of the 

consumption and assimilation of the nutrients in the body. 

 

1.4 Assessment of Nutritional Status of Preschool Children 
 

 

It is dependent on the multiple factors that interplay with each other. The assessment of the 

nutritional status of the person or his family members or the society is essential in terms of 

public health. The nutrients have a role in the pathogenesis of diseases. 

 

The nutritional assessment is the elucidation of nutritional status data covering anthropometric, 

biochemical, clinical and dietary indices to determine the health status of individual based on 

intake of nutrients. The assessment of nutritional status is important in providing knowledge 

about the prevalence and incidence of nutritional disorders in the population and is helpful in the 

planning and evaluation of remedial measures. The nutritional assessment can be executed 

through the adoption of two methods. The direct method of assessment that involves the 
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interaction with the population and measurement of predetermined indices namely 

anthropometric indices. In the indirect method of assessment, biochemical, clinical and dietary 

indices are analyzed. Each method of assessment is inherently associated with its advantages and 

disadvantages. Therefore, it is commendable to adopt both the methods to obtain actual data 

regarding the nutritional status of the children. 

 

1.4.1 Anthropometric Indices 

 

Anthropometric measurements involve a number of quantitative estimation of the bones, 

adipose tissues and muscles of body of participants to determine the body composition. The 

chief components of anthropometric measurements are weight, height, body mass index, mid 

upper arm circumference, circumference of waist and hips, thickness of skinfolds of the 

participants. This method of assessment helps to estimate nutritional status of new born 

babies, infants, children and adults. The anthropometric indices provide actual information 

about the normal patterns of growth and development of the persons. 

 

These indices have diagnostic value for the undernutrition and obesity that are closely linked to 

high mortality and morbidity in children and predispose to metabolic syndrome in children. 

Furthermore, anthropometric indices are useful to assess the baseline normalcy of health and 

nutritional status in children and adults. To estimate the nutritional status of the child, it is 

essential to compare the nutritional status of the child in question with the reference value that 

was predetermined for the healthy children. 

 

The reference value is the median for the healthy children belonging to same age and gender for 

the weight for age and height for age and it is also used for estimating weight for height in 

children of same gender and height. The reference values were predetermined by Center for 
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Diseases Control (CDC) and National Center for Health Statistics (NCHS). These agencies 

collected data of the healthy children and developed the median. The criteria in developing the 

reference curves by the agencies was that the patterns of the growth of the healthy preschool 

children belonging to wide ethnic diversity are similar and could be utilized for the estimation of 

malnutrition across the world for children of different races. 

 

The weight for height index does not require the consideration of age of the participant. It is an 

advantage to interpret the body composition in case the chronological age is not known with 

certainty. The weight for height index is the marker of the existing nutritional status of the 

children. This index can be employed for the screening of children those are suffering from acute 

changes in the nutritional status. 

 

When the weight for height of the child is low in comparison to the healthy child of same age 

and sex in the reference population, the condition is referred as Thinness or wasting. Generally, 

wasting is the result of the severe weight loss owing to acute deprivation of food or the severe 

form of impending disease. Wasting can also stem from the chronicity of unfavorable 

environmental conditions. When the height for age of the child is low in proportion to the 

healthy child of same age and sex in the reference population, the condition is called as stunting. 

It shows the inadequate linear growth of the child. It is the outcome of the chronic adversity 

affecting the growth of child. 

 

It has been reported that high prevalence of stunting is associated with the prolonged feeding 

insufficiency, poor socioeconomic status, and the occurrence of infectious diseases. When the 

weight for age is of the child is low in comparison to the healthy child of same sex and age in the 

reference population is termed as underweight. Weight-for-age depicts the mass of the body in 
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relation to the chronological age of the child. It is affected by height for age and weight for age 

of the child. It has composite nature. It involves both the acute and chronic changes in feeding 

practices and occurrence of disease. 

 

Anthropometric indices can be estimated by the three methods. The first method is the Z-score or 

standard deviation method. This involves the difference between the measured value of a child in 

question and the median value of the population of healthy children that is divided by the 

standard deviation of the reference population. 

 

The second method is the percent of median. It is calculated as the ratio of the measured value of 

the child in question to the median value of the reference population. The last method is the 

percentile method. 

 

1.4.2 Biochemical Indices 
 

 

The biochemical indices include a battery of tests that are helpful in the estimation of sub-

clinical changes in the metabolism and nutritional status of the individuals. The advantage of 

biochemical indices includes the initiation of corrective measures before the clinical 

manifestation of disease. Additional advantage of this method is the assessment of the level of 

severity of the nutritional deficiency in the body of participant. Nevertheless, the biochemical 

method requires the execution through a trained technician and involves a series of tests that are 

expensive and time consuming. 

 
 
 

 

1.4.3 Clinical Indices 
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The clinical indices provide information about the health status of the participants that depends 

upon the intake and assimilation of the nutrients. The presence of clinical signs of a disease 

correlates to the deficiency of nutrients in the body. However, the clinical indices are unable to 

determine the level of severity of nutritional deficiency in the body of the participant. 

Nevertheless, the clinical appraisal is the necessary component of the nutritional assessment of 

the participants. 

 

1.4.4 Dietary Assessment 

 

Dietary assessment could be executed through different methods. The food balance sheet is 

one such method of dietary survey of the participants. In this method, the food consumption 

and food requirement for the given population in a predetermined period is assessed. 

 

At the household level, the weighed food record is the method that is used. In this method, either 

the uncooked or cooked is weighed for next 7 to 10 days for the predetermined family. Another 

method of dietary survey is the food frequency questionnaire. In this method, dietary habits and 

the food patterns of the participants are assessed in a given time frame. These dietary assessment 

methods are time consuming and require trained persons to execute the procedures. 

 

The wasting is defined as weight-for-height below (Z-score) < -2 of the World Health 

Organization Child Growth Standards (WHO 2006). According to a report (UNICEF 2019), 

global prevalence of wasting in children under age of five years in 2017 was 7.5% and nearly 52 

million children were suffering from wasting worldwide in 2017. According to a report, in 2018, 

higher than 50% of the wasted children survived in S. Asia and the wasting prevalence in South 

Asia in 2017 is more than 15% threshold which decides the wasting in children as the critical 

public health hazard (UNICEF 2019; IFPRI 2016). The child wasting is the acute malnutrition 
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and has harmful effects on the health of children under the age of five. It is associated with high 

mortality and morbidity. According to a report, nearly 13% mortality rate is attributed to wasting 

in children under five (Black 2013). Wasting is caused by multiple factors that interact in a 

cascade effect like poverty, hunger, diseases, child care practices, sanitation, hygiene practices 

and food crisis have serious repercussion on the health of children under five. Diseases like 

diarrhoea, cholera and malaria are responsible for loss of weight, loss of body fluids, and 

decrease in RBC count (Bhutta et al. 2017). The interaction of poor diet and disease manifests in 

the form of wasting in children. 

 

Wasted children have weak immunity and are further predisposed to secondary bacterial and 

viral infections (Scrimshaw 2003). Additionally, wasting manifests as impaired linear growth in 

children (Menon and Stoltzfus 2012). The baseline wasting in below five children in 2012 was 

7.9% worldwide. The target is set to reduce the global wasting to <5% by 2025. The decline in 

wasting in children since 2012 is negligible. The prevalence of wasting in West and Central Asia 

is 9%, while it is 3% in East Asia and 2% in Eastern Europe and Central Asia with the lowest 

prevalence in N. America as 0.5% (UNICEF 2017). 

 

The stunting is defined as height for age below (Z-score) < -2 of the World Health Organization 

Child Growth Standards (WHO 2006). According to UNICEF/WHO/World Bank Group Joint 

Child Malnutrition Estimate (2018), the world prevalence of stunting in 2017 was 22.2% and 

around 150.8 million children below age of 5 years were stunted in 2017. The data of stunted 

children under age of five was 83.6 million in Asia in 2017, while it was 58.7 million, 5.1 

million, and 0.5 million children in Africa, Latin America and Caribbean and North America, 

respectively in 2017 (UNICEF/WHO/World Bank Group Joint Child Malnutrition Estimate 

2018). The prevalence of stunting worldwide decreased from 32.6% (198.4 million children) in 
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2000 to 22.2% (150.8 million children) in 2017. The prevalence of stunting in children under 

five in Asia in 2017 was 55%, and 39% in Africa in 2017. 
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CHAPTER 1 

 

STUNTING AND PREDISPOSING FACTORS  
 
 

 

1.1 Literature Review 
 

 

Stunting is the inconsistency in height for age of the child. It is manifested as deficit in linear 

growth of the child. It is estimated by height for age of the child less than <-2 standard deviation 

of the median of the given population of children. Stunting is the chronic malnutrition and is the 

outcome of the prolonged insufficiency of nutrition or chronic disease that impairs the nutrition. 

Stunting has prolonged effect on the growth and development of the body that remains after the 

removal of the etiological factor. Stunting is the health hazard in children under the age of 5 

years that chronically influenced nearly 165 million children across the world in 2011 (Black et 

al. 2013). 

 

The predisposing factors like food insecurity, hunger, poverty, and diseases are the main 

etiological factor for the stunting. According to an estimate, nearly 1.3 billion population across 

the world is living in poverty and suffers from health hazard (World Bank 2012). The poor 

hygiene practice, improper sanitation and contaminated drinking water result into enteric 

infections in the children below age of five years, especially in the developing countries. It is 

speculated that a child below 5 years of age passes through three diarrheal episodes annually in 

developing countries (Kosek et al. 2003). Immutable poverty condition and poor living status are 

disseminated into unhealthy environmental conditions, which furthermore, inclined to persistent 

diarrhea in children. The inflammatory condition of gastrointestinal tract manifests into defunct 

linear growth together impaired cognitive development in children under age of five years 

(Scrimshaw et al. 1968). 
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The infections as diarrhea and acute upper respiratory tract infection among children are 

injurious to normal linear growth (Mata et al. 1976; Schlaudecker et al. 2011). It is estimated that 

the growth pattern is comparable in malnourished children and healthy children, however, the 

perpetual infections in the children could distort the linear growth pattern. The occurrence of 

 

impaired growth pattern is prominent in the 2
nd

 year of life. Nevertheless, the harmful effects 

are sustained even in adolescent age in the childhood (Mata et al. 1976; Schlaudecker et al. 

2011). According to an estimate, contaminated potable water, improper sanitation, and poor 

hygiene culminate into diarrhoea and malnutrition among children (UNICEF 2019). Poor 

nutrition is the supplementary factor for malnutrition. 

 

Food insecurity is associated with impaired child growth and development. Food insecurity is 

materialized as inadequacy in the quantity and quality of foods and/or the financial incapability 

to purchase nutritious foods in sufficient quantity for the household members. It is implicated in 

invariable harmful effects on growth and development of children under age of five years. 

Additionally, daily wages, illiteracy, and diseases affect the cognitive development of preschool 

children. 

 

1.2 Contribution to Knowledge 
 

 

KEY POINTS 
 

 

 Present study was designed to find out the prevalence of stunting and the involved 

predisposing factors in stunting among the children in age group between 2 years to 

below five years of age in the city, Fazilka in Punjab state in India.
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 The prospective, observational, descriptive, and cross-sectional (single point in time) 

research design was approved for the present study. The Fazilka city is located at Indo-

Pak border in Punjab in India.

 
 The random, two-stage cluster sampling method was approved for the study. A sample 

size of 440 participants (children between age group of two years to below age of five 

years) that were ascertained by the inclusion and exclusion sample selection criteria.

 
 Present study contributed to newer dimension concerning education trends in 

society and motivation of parents towards school education of their wards. The study 

was made up of total (N=440) children in age group between 2 years and below 5 years 

of age. The participants were selected as (240/440), (127/440), and (73/440) from the 

schools, child care centers and slums, respectively. Therefore, Schools, child care centers, 

and slums furnished (54.5%), (28.9%), and (16.6%) of participants for the study.

 
 The study contributed to new knowledge exposing the trends in society towards the 

interest of parents to the schooling of male children and female children (gender 

disparity). There were gender-wise population of (n=260) boys and (n=180) girls that 

represented 59% boys and 41% girls in the study.

 
 The study provided information about the awareness of parents towards the age 

groups in which the children should be admitted to schools for education. The study 

population was comprised of (169/440) children in age group (2-3 years) and remaining 

children (271/440) in the age group (>3-<5 years). The age-wise prevalence of children 

in the study was 38% and 62% in the 2-3 years and >3-<5 years age groups, respectively.

 
 The present study contributed to newer facts concerning literacy rate in society and 

awareness of parents to schooling of their children. In the study, about (20.5%) of
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participants belonged to illiterate families and remaining (79.5%) of participants were 

 

selected from the literate families. 

 

 Present study contributed to newer facts about the disparity in income in the 

society. There were participants (n=80) representing (18%) and another (n-360) 

constituting (82%) population of study that represented families with monthly income of 

rupees (≤2000) and rupees (>2000), respectively.

 

Predilection of Age groups of children and stunting 
 

 

 Present study provided newer facts about the age groups of children in which the 

prevalence of stunting (chronic malnutrition) was comparatively higher. The study 

depicted the 40% prevalence of stunted children in age group (2-3 year), while the 

prevalence of 21% stunted children in age group (>3-<5 years). Further, about 60% 

children in age group (2-3 years) and remaining about 79% children in age group (>3-<5 

years) were found to be healthy. The aggregated prevalence about 28.6% of stunting was 

observed among children in age group (2y-<5y). The present study depicted that 

prevalence of stunting was almost 47.5% higher in lower age group (2-3 years) in 

comparison to higher age group (>3-<5).

 

Gender predilection and stunting in children 
 

 

 Present study contributed to newer dimensions about the gender predilection 

towards stunting. In the study, nearly 24% and another 35% prevalence of stunting were 

observed in boys and girls, respectively. Furthermore, nearly 76% and 65% boys and 

girls, respectively, were found to be healthy.
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 The study provided the new fact that prevalence of stunting in girls was 1.68 

times higher than the prevalence of stunting in boys.

 

Predilection of stunting to schools, child care centers, and slums 
 

 

 In the study, a prevalence of nearly 23%, 28%, and 48% stunting in children were found 

in the admitted to schools, child care centers, and slums, respectively. Furthermore, 

nearly 77%, 72% and 52% participants were healthy who were admitted to schools, child 

care centers, and slums.

 
 The present study contributed to newer fact that the prevalence of stunting was 

nearly 58%higher in slum dwelling children in comparison to prevalence of stunting 

in children admitted to schools, while the prevalence of stunting was 17% higher in 

children in child care centers in comparison to children in the schools.

 

Comorbidity of pallor (anemia) and stunting in children 

 

 Present study contributed to prevalence of nearly 26% pallor (anemia) in between 2 

years to below 5 years of age group of children.

 
 The newer fact about the comorbidity of pallor and stunting were reported in the 

present study. In the present study, the prevalence of 36.5% comorbidity of anemia and 

stunting was observed. Another newer discernible fact was the prevalence of only 25% 

stunting in healthy (non-anemic) children. The present study depicted higher 

prevalence by 31.5% stunting in children between 2 years to below 5 years of age 

who were anemic in comparison to non-anemic children of the same age group.
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Comorbidity of geophagy and stunting in children in age group between 2 years to below 5 

 

years 

 

 Present study contributed to newer fact concerning the prevalence of geophagia 

in children and it’s associated with stunting.

 
 In present study, prevalence of nearly 9.4% geophagia habit in children was reported. The 

prevalence of comorbidity of geophagia and stunting in children was about 51% and it 

was nearly 49% higher in comparison to prevalence of stunting (26%) in children without 

habit of geophagia.

 

Association between diarrhea and stunting in children 

 

 Present study contributed to knowledge concerning the occurrence of diarrhoea and 

prevalence of stunting in children in age group between 2 years to below 5 years of 

age.

 
 In the present study, prevalence of 5.5% diarrhea was reported in children between 2 

years and below 5 years of age. Additionally, study posited a comorbidity of diarrhoea 

and stunting by 54% in children. The stunting prevalence in children without diarrhoea 

was much lower as 27%. Present study contributed to newer fact that comorbidity of 

diarrhoea and stunting in children is 50% higher than stunting alone in children.

 

Correlation between Income of family and stunting in children 

 

 Present study provided knowledge about the correlation between family income and 

prevalence of stunting in children. The present study reported a much higher 

prevalence nearly 51% stunting in children those belonged low income group families
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(<2000 INR per month) in comparison to lower prevalence nearly 23.6% stunting in 

 

children belonging to higher income families (>2000 INR per month). 
 

 

Association between Illiteracy of parents and stunting in children 

 

 Present study contributed newer fact about the association between illiteracy of 

parents and prevalence of stunting in children. In the study, the prevalence of nearly 

38.9% stunting in children belonging to illiterate families was reported, while the 

prevalence of stunting was much lower (26%) in children who belonged to literate 

families.

 

1.3 Analytical Discussion 
 

 

The Fazilka city is located at a distance of 14 Km from the Indo-Pak border and is situated in 

Punjab state in India. The city and adjoining villages belongs to border area and are enlisted as 

economically backward areas. A little awareness towards the health, especially in the villages, 

remote areas and slum areas, was the main factor in the initiation of the prospective, 

observational, descriptive, and cross-sectional (single point in time) research study to assess the 

nutritional status of children in preschool age. As per Census of India (2011), it has a population 

of 8765 children below the age of 6 years that represented nearly 13% of the total population of 

Punjab (CIC 2019). In the present sample, a total 440 children below the age of 5 years were 

selected that constituted around 5% sample size which is a small sample. It has its own limitation 

as it provides false positive results to the clinicians (Altman 1991). Moreover, a large sample 

size, contrary to belief, has its own limitations. The sample that exceeds the estimated sample 

size poses many problems. It is first of all, it is unethical to recruit participants more than the 

actual size. Additionally, the involvement of more manpower and utilization of more financial 
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resources in the selection of participants are the two problems in large sample size (Pandis et al. 

2011). The aim of appropriate sample size estimation is to provide differences that are clinically 

relevant, reliable and valid. To achieve the aim of relevant sample size, there are formulae that 

are of immense help in the calculation of sample size that is appropriate (Hajian-Tilaki 

2014;Pandis et al. 2011). In the present study, sample size was calculated on the basis of a 

formula that is dependent on the already existing prevalence of malnutrition in adjoining 

localities. 

 

Sample size determination 

 

Sample size was determined, according to the following formula: 
 

 

Sample size (n)=Z2×p×q/d2 
 

 

Z=Value of 1.96 was used at 95% of confidence interval 

 

p=47% prevalence of malnutrition 

 

q=(1−p) 

 

d=5% margin of error (Lamirot, Tariku and  Tariku, 2018) 
 

 

In the above formula, already existing 47% of prevalence (CSA 2012) of malnutrition was taken 

from the previous study for the sake of estimation of nutritional status of preschool children in 

Fazilka city. The previous study was conducted by authors (Sengupta, Philip and Benjamin, 

2010) in Ludhiana city in Punjab which is the nearest to Fazilka city in Punjab as no other city 

closer to Fazilka was gifted with the descriptive study involving the assessment of nutritional 

status of children under five. Therefore, it was considered as appropriate to calculate the sample 

size for the present study on the basis of prevalence of malnutrition in the previous study whose 

numerical value was substituted in the formula. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Abera%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30075824
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The previous study by authors (Sengupta et al. 2010) exhibited the prevalence of 74% stunting, 

42% wasting and 29.5% underweight in children under five in the urban slums in the city 

Ludhiana in 2010. In the present study, average prevalence of under-nutrition (47%) was utilized 

for the calculation of sample size for present study. 

 

In the present study, prevalence of child enrollment rate below 5 years of age in pre-primary 

schools and child care centers was (54.5%), and (28.9%), respectively. The enrollment rate of 

children below five years of age in child care centers is nearly 47% lower in comparison to 

enrollment of children under five in pre-primary schools. It is hypothesized that poor 

infrastructure, inadequate medical facility, poor teacher-student ratio, poor sanitation and toilet 

facility in the child care centers (Anganwadi) are the major hurdles in the improvement in 

student enrollment rate in child care centers. Furthermore, anganwadi workers are poorly paid 

and they lack motivation. The facts in present study are supplemented by the previous 

 
report furnished by (NITI AAYOG - Government of India 2015). According to the NITI 

AAYOG report, around 22.5% of anganwadi centers lacked medical facility. As a consequence, 

nearly 19.7 % and 5.7 % children under age of five were malnourished moderately and severely, 

respectively. 

 

Another setback as reported by NITI AAYOG was the insufficient infrastructure as around 41% 

of anganwadi centers had inadequate space or poor accommodation for the children. 

Additionally, according to NITI AAYOG report, nearly 60% anganwadi centers were managed 

in the rented buildings. Furthermore, nearly 13.7% of anganwadi centers lacked safe drinking 

water facility and 52% of the centers had poor hygiene conditions. In the present study, about 

20.5% of children under five belonged to illiterate families, while remaining 79.5% children 

were selected from the literate families and these facts posited the literacy rate in the city Fazilka 
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in Punjab. The facts in present study are authenticated by the previous report from the 

 

Census of India, 2011 (CIC 2011; Department of Planning 2019).The literacy rate of the city, 

Fazilka is 79.5% which is higher than the overall literacy rate (76.7%) of Punjab (CIC 2011). It 

is further asserted that higher literacy rate is associated with higher enrollment ratio of 

children in schools. The educational status of parents is a benefit for the early schooling 

and academic performance of their wards. 

 

The above assumption in the present study could be authenticated by the facts provided in the 

following previous studies by (NUEPA 2014; RGI 2019). According to the report by (NUEPA 

2014), there was increase in the gross enrollment ration of children between 3 years to 5 years in 

pre-primary schools in India from 16.7 million to 35.3 million from 2001-02 to 2012-13 

(NUEPA 2014;MHRD 2016). There is nearly 84% increase in the gross enrollment rate in the 

pre-primary schools in 3 years to 5 years of age group. 

 

Further, increase in the enrollment ratio is followed by a rise in the literacy rate from 64.8% to 

74.04% during the period from 2001 to 2011(Registrar General of India, 2019). The increase in 

84% enrollment ration of children is directly correlated to 15.6% rise in the literacy rate. Age is 

an important determinant of stunting (Olack et al. 2011; Asres and Eidelman 2011; Moges et al. 2015; 

Mengistu et al. 2013). Nutritional status and hemoglobin concentration of mother influence the 

growth of fetus during intrauterine life and could be the biomarkers for assessing the stunting in 

infants in early period of postnatal life (Barker and Clark 1997). In the present study, the 

prevalence of stunting was almost 47.5% higher in children in lower age group (2-3 years) 

in comparison to children in higher age group (>3-<5). Previous studies (Olwedo, Mworozi and 

Bachou 2008) supplemented the higher prevalence of stunting in children in lower age group. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Barker%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=9414472
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clark%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=9414472


27 
 

 

The authors (Olwedo et al. 2008) of the same previous study comprising children from urban 

locality of Assis Brasil reported nearly 17% prevalence of stunting in 2-3 years of age group of 

children, while a prevalence of 11% was reported in the children in (>3-<5) years age group. 

Therefore, the finding of the present study at Fazilka city and previous study validated each 

other. According to a report, hemoglobin concentration and nutritional status of girls in the 

reproductive age can be the biomarkers to diagnose the incidence of stunting in children later in 

life (UNICEF 2019). Furthermore, according to a report by authors (Schlaudecker, Steinhoff and 

Moore 2011), stunting is the chronic sequela of the prolonged dietary inadequacy and the 

 

condition turn irreversible in the 2
nd

 year of life of child. 
 

 

Possibly, the factors like customary disparities in the nutritional status of mothers, parental care 

of children, gender bias, access to medical facilities, hygiene practices and sanitation are 

implicated in the gender based variation in the prevalence of stunting in male and female 

children (Smith 2003). Generally, the women, especially in villages are underprivileged in terms 

of education, food security and medical health (Spieldoch 2011). The gender prejudice is 

widespread in all the socioeconomic strata, especially in the developing world (Hadley et al. 

2008). In the present study, the prevalence of stunting is 31.4% higher in girls under age of 

five years in comparison to boys under age of five years in the city Fazilka in Punjab. 

 

Gender prejudice against girl child in food distribution, physical care, (Verbrugge 1985), 

psychological nurturing is responsible for higher rate of malnutrition in children, as was 

observed in present study. Moreover, the facts regarding higher prevalence of stunting in girls 

in present study are authenticated by the findings of previous studies (Sengupta et al. 2010; 

Khuwaja et al. 2005). 
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Contrarily, the previous studies (Olwedo et al. 2008; Asfaw et al. 2015) provided contrasting 

results concerning the prevalence of stunting in children under age of five years. In another 

previous studies (Zelellw et al. 2014; Paudel et al. 2012; Alasfoor et al. 2007), the 

prevalence of stunting in girls was equal to that of boys. 

 

Linear growth of body is intensively controlled by the genetic constitution of the person. According 

to an estimate, around 200 genes are involved in the expression of height (Leonard 1991; 

Graham 1997). Provided the environmental conditions are favorable and unconstrained, mothers 

are given adequate nutrition and proper medical facilities; it was reported in the studies 

(Gittelsohn 1991) that growth rates of children from separate geographical areas were similar 

significantly in their intrauterine life, additionally, the children maintain steady and similar 

growth potential during the first few years of post-natal life (Backstrand et al. 1997; Devin and 

Erickson 1996). 

 

The admission of the children between 2 years to below 5 years of age in the schools, and 

anganwadi centers is dependent on multiple factors as education of parents, motivation of 

parents, economic resources, and accessibility of education center. In the present study, 

prevalence of stunting is 17% higher in children admitted to child care centers in comparison to 

children in schools, while the prevalence of stunting is 58% higher in the children residing in 

slums in comparison to children admitted to schools. The economic stratification of society 

influences the growth and development of children and the social behavior of children in schools 

(Gupta 2017). In the present study, the highest prevalence of stunted children is reported in the 

slums. Previous study (Ndukwu et al. 2013) in the primary school children in the city, Nigerian 

reported significant correlation between slums and malnutrition in children. Furthermore, 

previous study (Dutta et al. 2009) projected substantive association between the area of 
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inhabitants and childhood malnutrition. Another previous study (Bågenholm et al. 1988) 

authenticates the prevalence of higher stunting in children in slums. Slum inhabitants are 

deprived of education, quality of life, medical facility, food, and employment. Slums are marked 

with poor nutrition in pregnancy and lactation, improper vaccination, and diseases (Breman 

2003). 

 

Pallor (anemia) in children under age of five years is manifested as loss of appetite, lethargy, 

lack of concentration and poor academic performance. Pallor is the manifestation of poor health 

and malnutrition (Slotzfus and Dreyfuss (1997). Pallor (anemia) in preschool children is 

characterized by dietary deficiency of iron or vitamin B12 or folic acid in the body (WHO 2008; 

Stoltzfus et al. 2005). In the present study, the 36.5% comorbidity of stunting and pallor in 

children below age of five years depicts a close association of the two conditions. The previous 

study (Mohammed et al. 2019) depicted a concurrent occurrence of anemia and stunting in 

infants and young children in Ethiopia. 

 

Multiple overlapping factors can contribute to pallor and stunting in children. The poor child 

care and poor maternal nutritional status would be involved in comorbidity of pallor and stunting 

in children. Nutritional anemia is frequently observed in children in growing stage that warrants 

additional iron requirement for the metabolic activities in the body. Dietary insufficiency or diet 

deficient in minerals and vitamins could result into anemia, stunting and wasting in children. 

 

In the previous study, contrasting results were obtained. Authors (Gosdin et al. 2018) studied the 

comorbidity of anemia and stunting in Indian and Peruvian populations. Authors (Gosdin et al. 

2018) reported the non-significant (p=0.85) comorbidity of anemia and stunting in children. The 

finding of the study contradicts the comorbidity of pallor and stunting in the present study. 
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Authors (Gosdin et al. 2018) reported age and gender of children as common factors for anemia 

in Peruvian and Indian populations, while the factors like age, gender, caste, poverty and hunger 

were the common factors for stunting in both the populations. Authors (Tran et al. 2019) 

collected secondary data from 193 065 children spanning across 43 countries. Authors (Tran et 

al. 2019) reported the prevalence of comorbidity of anemia and stunting as 21·5% in children. 

The factors as rural locality, poverty, poor household condition, and poor education were 

implicated in the coexistence of anemia and stunting in children. Comorbidity of pallor (anemia) 

and stunting in children under age of five years is prevalent in rural population, slums, and 

deprived children. The unfavorable government policies, environmental conditions, nutritional 

factors and social interactions are intermingled and intensely aggravate the comorbidity in 

children. Geophagy is the irresistible urge to eat non-food substances like soil, clay or chalk. The 

habit is common in children under two years of age, however, its presence in older children is 

considered as an abnormality in the eating behavior. 

 

The habit is deleterious for the growth of children under age of five years. In present study, 

comorbidity of geophagia and stunting in children under age of 5 years is nearly 51% and its 

prevalence is 49% higher in comparison to prevalence of stunting in children without habit of 

geophagia. 

 

The previous study (Georgia et al. 2015) depicted a strong correlation between geophagia and 

stunting in children. The study supplements the findings in the present study regarding 

comorbidity of geophagy and stunting in children below five. Geophagy is strongly related to 

infestation of helminths in GIT and damage of intestinal mucosa. The clinical condition is called 

as soil transmitted helminths that are the cause of high mortality and morbidity in under five 

children (Aleka et al. 2015). The soil transmitted helminths could cause iron deficiency anemia 
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in children, disorders of growth and development as stunting, wasting, and impaired cognitive 

abilities (WHO 2012; Shumbej et al. 2015). The geophagy includes the intake of soil 

contaminated with heavy metals, pathogens and parasites. The heavy metals intoxication has 

deleterious effects on the health of children under the age of five years. Additionally, the soil or 

clay particles in the small intestine could complex with the dietary iron and impede the 

absorption of iron through intestinal mucosa. Therefore, geophagia could be the cause of 

nutritional anemia in children under age of five (Gupta 2017). 

 

Furthermore, environmental enteric dysfunction is another consequence of the habit of 

geophagia that has negative effect on the linear growth of children. It is the subclinical condition 

of small intestine manifested as atrophy of villi and hyperplasia of the crypts in the small 

intestine (Ali et al. 2016). 

 

The previous studies (Petri et al. 2014; Korpe and Petri 2012; Mckay et al 2010; Crane et al. 

2015) illustrated the nature and sequela of the environmental enteric dysfunction on the body 

growth of children under age of five. Authors reported it as the prime cause of stunting in 

children in developing countries. The pathogenic infection of gut is responsible for the 

anatomical and functional changes of the small intestine that impair its absorption capability of 

nutrients. Dietary deficiency that could result secondary to enteric dysfunction might be the 

cause for impaired linear growth of children under age of five. 

 

Persistent mucosal inflammation of gut and impaired intestinal absorption of nutrients could be 

the cause of impediment in physical and mental growth and development in children under age 

of five along with persistent cognitive impairment, and affected linear growth of children (Oria 

et al. 2016; Harper et al. 2018). 
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Diarrhea is the foremost predisposing factor for the high mortality and morbidity in children 

below age of five years. The diarrhoea episodes result into loss of minerals and water from the 

body. The successive diarrhoea episode if not managed properly, causes wastage of body fluids 

and dehydration. The persistent diarrhoea is responsible for lethargy, emaciation, loss of body 

immunity to infections and stunted growth and development of body of children in age of five 

years. In the present study, the comorbidity of diarrhoea and stunting in children is 50% 

higher than stunting alone in children. 

 

Previous study (Paudel et al.2012) described the significant higher prevalence of coexistence of 

diarrhoea and stunting in children under age of five. The previous study authenticates the data in 

the present study and thus, substantiates the comorbidity of diarrhoea and stunting in children. 

Another previous study (Ricci et al 2006) reported 47.6% prevalence of concurrent stunting and 

diarrhoea in children and is in favor of findings in present study. 

 

It is hypothesized that comorbidity of diarrheal tendency with stunting in children is attributed to 

chronic insufficiency of electrolytes and calories in the body of affected children. In preschool 

age of children, dietary deficiency or infection leading to energy deficit in body, definitely retard 

the linear growth of body. Persistent diarrhoea disturbs the absorptive capability of intestinal 

mucosa that creates hidden hunger for nutrients and minerals. In presence of untreated diarrhoea, 

body is starved irrespective the intake of adequate nutrients. 

 

Diarrhea is the prime cause of growth failure among children under age of five years, although 

the manifestations in growth are not uniform among the children (Briend 1990; Black 1991; 

Alvarado et al. 2005; Richard et al. 2013). The diarrhea attacks during the initial months of life 

could be responsible for higher probability of stunting in the later period of life (Checkley et al. 
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2008 ), still the growth in the intervening period could recover the body from the 

growth stunting effect of the diarrhoea (Richard 2014). 

 

1.4 Conclusion 
 

 

Age is an important determinant of stunting. Nutritional status and hemoglobin concentration of 

mother during pregnancy influence the growth and development of fetus and could be the 

biomarkers for assessing linear growth impairment in the early period of postnatal life. 

 

Conceivably, the factors like customary inconsistency in the nutritional status of mothers, 

parental care of children, gender bias, variation in access to medical facilities, widespread 

hygiene practices and adoption of sanitation methods are implicated in the gender based 

variation in the prevalence of stunting in children below age of five years. 

 

Moreover, the economic stratification of society could have a determining influence on the 

growth and development of children and the social behavior of children in schools. Slum 

inhabitants are deprived of education, quality of life, medical facility, food, and employment. 

Slums are marked with poor nutrition in pregnancy and lactation, improper vaccination, and 

occurrence of diseases which substantially affect the nutritional status of mothers and thus, 

intensely control the growth and development in intrauterine as well as post-natal periods. 

 

Pallor (anemia) in children under age of five years is manifested as loss of appetite, lethargy, 

lack of concentration and poor academic performance. Pallor is the manifestation of poor health 

and malnutrition. Multiple overlapping factors can contribute to pallor and stunting in children. 

The poor child care and poor maternal nutritional status would be involved in comorbidity of 

pallor and stunting in children. Nutritional anemia is frequently observed in children in growing 

stage that warrants additional iron requirement for the metabolic activities in the body. 
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Dietary insufficiency or diet deficient in minerals and vitamins could result into anemia, stunting 

and wasting in children. Comorbidity of pallor (anemia) and stunting in children under age of 

five years is prevalent in rural population, slums, and deprived children. The unfavorable 

government policies, environmental conditions, nutritional factors and social interactions are 

intermingled and intensely aggravate the comorbidity in children. 

 

Geophagy is the irresistible urge to eat non-food substances like soil, clay or chalk. The habit is 

common in children under two years of age, however, its presence in older children is considered 

as an abnormality in the eating behavior. The habit is deleterious for the growth of children 

under age of five years. Geophagy is strongly related to infestation of helminths in GIT and 

damage of intestinal mucosa. The clinical condition is called as soil transmitted helminths that 

are the cause of high mortality and morbidity in below five children. 

 

Furthermore, environmental enteric dysfunction is another consequence of the habit of geophagia 

that has negative effect on the linear growth of children. It is the subclinical condition of small 

intestine manifested as atrophy of villi and hyperplasia of the crypts in the small intestine. 

 

Persistent mucosal inflammation of gut and impaired intestinal absorption of nutrients could be 

the cause of impediment in physical and mental growth and development in children under age 

of five along with persistent cognitive impairment, and affected linear growth of children. 

Diarrhea is the foremost predisposing factor for the high mortality and morbidity in children 

below age of five years. The diarrhoea episodes result into loss of minerals and water from the 

body. The successive diarrhoea episode if not managed properly, causes wastage of body fluids 

and dehydration. The persistent diarrhoea is responsible for lethargy, emaciation, loss of body 

immunity to infections and stunted growth and development of body of children in age of five 

years. 
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CHAPTER 2 

 

NUTRITIONAL ANEMIA IN PRESCHOOL CHILDREN  
 
 

 

2.1 Literature Review 
 

 

The World Health Organization depicted the 6% prevalence of anemia in children between the 

age 6 months to 59 months in the United States in the year 2011 (WHO 2019) However, the 

prevalence of anemia in the children of same age in low income countries was comparatively 

high and it further increased from 13.4% to 14.6% in the year from 2001 to 2010 (Dalenius et al. 

2019). In the year 2011, according to a report, about 38% women in pregnancy, 29% non-

pregnant women and another 29% women in reproductive age and nearly 43% children suffer 

from anaemia worldwide. Accordingly, about 273 million children are affected with anemia 

(WHO and CDC 2019). 

 

As per the estimate, (WHO and CDC 2019), the anemia in children and women is primarily 

caused by iron deficiency. Moreover, the Plasmodium falciparum induced malaria has its 

involvement in the etiology of anemia in children. The role of malaria in anemia is highest in the 

malaria endemic countries. In these countries, the mean hemoglobin concentration in the children 

is reported to be the lowest (Gething et al. 2010). 

 

In malaria-endemic countries, the iron supplementation programs must be unified with the 

prophylaxis and treatment of malaria (Korenromp et al. 2004). The malaria eradication and 

anemia correction could be instituted through the synergistically advantageous programs. 
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2.2 Contribution to Knowledge 
 

 

KEY POINTS 
 

 

Nutritional anemia is manifested as reduction in the hemoglobin concentration and or reduced 

red blood cell count below the reference value. Nutritional anemia is caused by dietary 

deficiency of minerals and vitamins. The prominent deficiency could be the dietary iron, 

cyanocobalamine or folic acid. The preschool children are easily affected with the nutritional 

deficiency and suffer from nutritional anemia. 

 

 An innovative dimension through illustration of non-nutritional factors in the 

pathogenesis of anemia in preschool children is put forward.

 
 The unique feature of the present study is the comprehensive explanation of the 

non-nutritional factors namely endemic malaria, helminthic infestation, 

tuberculosis, diarrhoea, deficiency of vitamin A and elements like zinc, copper and 

selenium in the diet that are likewise accountable for the pathogenesis of nutritional 

anemia in preschool children. Furthermore, malnutrition separately derails the 

metabolism of child body and it is incriminated in the high prevalence of comorbidity of 

anemia and wasting in children under age of five years. Undernutrition equally 

predisposes to recurrent infections, anemia and stunted growth and development in 

children.

 
 The present study contributed to newer facts regarding extensive work about the 

physiological role of iron in infancy, childhood, adolescence, pregnancy, adult males 

and women in post-menopausal stage.
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 The study provided newer facts about the availability of non-conventional sources of 

iron that could be beneficial as dietary iron. The preparation of food in the iron 

utensils and pots independent of the size, shape, thickness of iron utensils could be a 

good source of easily absorbable and rapidly bioavailable iron that fortify foods.

 
 The comprehensive work on the role of gastric acid in the absorption of dietary iron is 

presented. The factors namely inhibitors and promoters of iron absorption in GIT and 

achlorhydria are illustrated in the present work.

 
 Present work contributed to explanation of role of divalent metal transporter -1 (DMT-1), 

Duodenal cytochrome b (DCTYB), and Heme carrier protein-1 (HCP-1) in the absorption 

of non-heme and heme iron in the gut.

 
 The role of hepcidin in the iron transport in blood circulation and interaction of hepcidin 

and inflammation in the mucosal absorption of iron are discussed in the work.

 
 The present work described and contributed to newer knowledge about the role of iron in 

the growth and development of preschool children. The present work explained the 

hypotheses about the iron deficiency in the induction of harmful effects on 

neurodevelopment

 
 The role of Helicobacter pylori in the etiology of gastritis and anemia in children has 

been provided in the present study

 
 The etiology and pathogenesis of severe malarial anemia in preschool children is 

explained

 
 Present study described the role of intercellular adhesion molecule-1 (ICAM-1) in the 

cell recognition and malarial parasitic antigen to host cell adhesion. The study 

described the pro-inflammatory function of biomolecules like interferon – γ, tumor
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necrosis factor-alpha, and interleukin-12 in the initial stage of malarial infection in 

children and anemia. It also highlights the role of nitric oxide in malarial infection in 

children. 

 

 The knowledge of unique factors in the cause of anemia is shared. The environmental 

enteropathy and its involvement in nutritional anemia have been explained in the 

study.

 
 The present study provided knowledge about the role of geophagia and diarrhoea in 

the etiology of nutritional anemia in children

 
 The work explained and contributed to newer knowledge about the HIV induced 

anemia in children.

 
 Present work described the implication of celiac disease in the cause of nutritional 

anemia in children.



 Present study contributed to explanation of IL-6-hepcidin-hypoferremia 

 
 Present study contributed to description of effect of iron deficiency anemia on 

the cognitive and psychomotor development of children

 
 The study highlights the role of diacyglycerol (DAG) and the Inositol 1,4,5-

trisphosphate (IP3 ) in T lymphocyte proliferation in iron deficiency anemia in


children

 
 Present study contributed to knowledge about the impaired absorption 

of cyanocobalamine in Achlorhydria in children and nutritional anemia

 
 Present study contributed to explanation of Nieweg’s hypothesis concerning 

deficiency of cobalamin in children and neurological disorders
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 Present work contributed to newer dimension in the pathogenesis of anemia in 

children as it explained the role of retinoids in erythropoiesis and anemia

 
 The present work described the role of copper, zinc and selenium in the cause of anemia 

in children

 
 The present study contributed to newer knowledge about the role of malnutrition and 

diarrhoea in anaemia in children

 
 An innovative knowledge was provided through description of cow milk protein allergy 

in infants and anemia

 

2.3 Analytical Discussion 
 

 

Nutritional anemia is the worldwide public health problem among infants, preschool children, 

and adolescents. It is the clinical manifestation of dietary deficiency of nutritional factors like 

iron, cobalamin or folate. Nonetheless, non-nutritional factors like infection, diarrhoea, 

malnutrition, deficiency of vitamin A and minerals like zinc, selenium and copper along with 

infestation of helminths and Plasmodium falciparum in malaria endemic regions of the world are 

the predisposing factors for the anemia in children. Anemia is the clinical condition characterized 

by reduction in hemoglobin concentration and or decline in red blood cell count below a pre-

determined cut off (WHO 2001). 

 
According to a (WHO 1968; Rodak 2007), the cut off for haemoglobin concentration for 

screening anemia in children is (< 11g/100ml) in age group between 6 months to 6 years, while it 

is (Hb < 12g/100ml) in age group between 6 years to 14 years, and its value (Hb < 13g/100ml) in 

adult males, together (Hb <12g/100ml) in non-pregnant women in adult stage and a value 

(Hb<11g/100ml) in women during pregnancy is significant for establishing diagnosis of anemia. 
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According to (PATH 1997), United States Agency for International Development, categorized 

severe form of anemia that is manifested as haemoglobin concentration less than (<4g/100ml). 

According to a report (Murray and Lopez 1966), hemoglobin concentration less than 

(<12g/100ml) in developed world, while its value (<11g/100ml) in developing countries is 

referred as anemia in children below age of five years. Iron deficit is the worldwide public health 

problem (Christofides 2006) that is influencing (Domellof and Hemell 2002) the large group of 

children under age of 5 (51%) in low income countries and affecting 12% of children below age 

of 5years in developed countries. 

 
The iron deficit and iron deficiency anemia are detrimental to the physical, intellectual and 

social health of preschool children. Total iron store of human body is nearly 3.8g in men and 2.3 

g in women (Bothwell and Charlton 1981; Kohogo et al. 2008). It is estimated that 75% of total 

body iron (30 - 40 mg per kg) body weight is found in body in functional state and remaining 

25% (0 - 20 mg per kg) body weight of iron is stored as ferritin and haemosiderin in the organs 

like liver, intestinal mucosa, muscles, macrophages and bone marrow (Bothwell 1995). 

 

Erythropoietin hormone in the body of infant is decreased after the birth of baby. It is as a 

consequence of oxygen rich environment into which a baby enters from the less oxygen 

intrauterine environment (Burman 1971a; Beal et al. 1962). As a result, haemoglobin 

concentration of infant undergoes decline from 17g/dl to 12g/dl. The reduction of hemoglobin 

becomes apparent during the first 1 and ½ months after the birth. The physiological event 

promotes the release of erythropoietin from juxtaglomerular apparatus of kidneys. The hormone 

stimulates the erythropoiesis (Dallman 1993; Domellof and Hernell 2002). 

 

In the first six months, exclusive breast feeding to infants could increase the 0.3mg/L of iron in 

the infant‘s body (Rao and Georgieffa 2006). It is reported that human breast milk is poor in iron 
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(0.2 to 0.4mg/L), moreover, it is rapidly absorbed from the intestinal mucosa of baby. Human 

breast milk helps to supplement iron store of infants (Prentice 1996). Further, author (Oski 1993) 

reported that the infant‘s body can absorb 0.12mg of iron from 700 ml human breast milk which 

 

has high bioavailability and rapidly absorbed. The body growth of males starts from 2
nd

 year to 
 

12
th

 year, while the growth occurs from 2
nd

 year to 10
th

 year in girls leading to increase in the 

demand for iron in the body to meet the physiological demand (Bothwell et al 1979) that was 

estimated to the range 0.5 – 0.8 mg per day. The hemoglobin level increases by 1g per dl in 

school going children (Bothwell et al 1979). 

 

The growth spurts occur after the age of 10 years in girls, while after the age of 12 years in boys 

(Bothwell et al 1979). It is followed by rise in hemoglobin level by 2 g per dl in boys and 1g per 

dl in girls. Adolescent period in girls is marked with menarche. It is associated with loss of iron 

from the body in menstrual bleeding. It is estimated as loss of iron is between 0.5 to 1 mg per 

day that continues up to period of menopause. In reproductive age of women, it is reported that 

iron demand in women is 1.5 mg per day. 

 
Iron utensils and pots in which the food is prepared have a role in the enrichment of food with 

iron. This phenomenon of iron supplementation is independent of the size, shape and thickness 

of pot. The supplemented iron from the utensil in the food has high bioavailability of iron. The 

author (Geerlings et al. 2003a) reported the rise in hemoglobin level after consuming food 

prepared in iron utensils. According to (Greelings et al. 2003b), adults in rural areas of Malawi 

who were residing in malaria endemic regions were kept on food cooked in iron utensils for six 

weeks. The rise in hemoglobin concentration in the adults was reported. The use of iron utensils 

could be a novel method of improving iron store of body in the poor population in the 
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developing countries that could be the promising and unique interventional strategy for 

managing iron deficit and iron deficiency anemia in children and adults. 

 

Acidic environment of the stomach favors the absorption of dietary iron. The ferric form of 

dietary iron is dissociated from the organic components (non-heme iron) in the diet and it is 

reduced into ferrous form of iron in the gut. It renders high solubility to dietary iron that is 

readily taken up by the enterocytes (Andrews 2000; Jacobs 1967). Therefore, hydrochloric acid 

in the stomach is essential for the absorption of non-heme dietary iron. Moreover, in condition 

like achlorhydria, the absorption of dietary iron is affected. It causes reduction in total body iron 

and iron deficiency anemia in children and adults. The condition achlorhydria is reported in the 

children. The authors (Hawksley et al. 1993) reported cases of iron deficiency anemia due to 

achlorhydria at the age of 8 months, 13 months and 48 months in children. 

 
The authors (Betesh et al. 2015) studied the influence of acute gastritis induced achlorhydria in 

the pathogenesis of iron deficiency anemia. It was reported by authors that iron absorption from 

the western diet was reduced in achlorhydria patients. Nevertheless, authors reported the increase 

in the iron absorption in the body of these patients as a compensatory mechanism. Authors 

concluded that acute gastritis induced achlorhydria is the independent factor for inducing iron 

deficiency anemia. Duodenal cytochrome b is the enzyme responsible for reduction of ferric ion 

into ferrous form. It is expressed on the luminal surface of enterocytes in humans (Latunde-Dada 

2002). It is helpful in maintaining the dietary iron in ferrous form that is obtained from non-

heme. The divalent metal transporter-1is a protein molecule that is essential for the transportation 

of ferrous iron across the membrane of enterocytes ( Vidal et al. 1995). The expression of DMT-

1 is regulated by total iron store of body. 
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Moreover, the protein carrier is also involved in transport of divalent metal ions like, zinc, 

copper, manganese, cadmium and cobalt (Gunshin et al. 1997). Hepcidin is the key regulator of 

iron efflux into the blood circulation. It is a peptide hormone secreted by hepatocytes (Ganz 

2003). Hepcidin attaches to the ferroportin-1 that is located on the membrane of macrophages, 

liver cells and enterocytes. The ferroportin-1 is the iron channel and brings about the efflux of 

iron from the storage into the plasma (Jordon et al. 2009). 

 
Hepcidin decomposes the ferroportin-1 and it inhibits the egress of iron into circulation. Iron is 

contained inside liver cells, mucosal cells and macrophages. Hepcidin also reduces the iron 

absorption from the gut. In infection and inflammation, the level of hepcidin rises and it is 

associated with iron trapping and decline in plasma iron level. As a consequence, inflammation 

and infection are followed by iron deficit and iron deficiency anemia owing to acuteness of iron 

in circulation for erythropoiesis. 

 
Iron deficit and iron deficiency anemia have their harmful effects on the neurodevelopment in 

children under the age of five years. Study on the animal and human models have described the 

role of iron on the myelination of neurons, biosynthesis of iron dependent neurotransmitters in 

brain and its function in activity of hippocampus (Todorich et al. 2009). The central nervous 

system contains iron rich oligodendrocytes. These cells are involved in the myelination of 

neurons in the white matter of brain. Iron deficit results into premature death of the cells and iron 

deficiency thus impairs the myelination of neurons (Connor and Menzies 1996). The myelin is 

the lipoprotein. The presence of iron is essential in the transcription and translation of proteins 

for myelin sheath (Ortiz et al. 2004). In condition of iron deficit, the functioning of cytochrome c 

oxidase is impaired that is the terminal enzyme in the electron transport chain in brain for the 

synthesis of ATP(de Deungria et al. 2000). The cytochrome c oxidase activity is dependent on 
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the iron content of body as it is the heme conjugated enzyme. Human brain utilizes glucose 

exclusively for its energy demands. Therefore, iron deficiency essentially impairs the synthesis 

of ATP through oxidation of glucose in brain. Iron deficiency anemia exists as comorbidity with 

the nutritional disorders like protein energy malnutrition, infection, diarrhoea and deficiency of 

vitamin A in children (Florentino and Guirriec 1984; Fleming 1982; Masawe 1981;Lechner and 

Raja 1984). 

 
The helminths infestation is frequent in the tropical countries and it is associated with 

hemoglobinopathy, whereas the nutritional disorders are the major health problems in children 

residing in developed countries (UNICEF 1995; Nazir et al. 2011; CDC 2011). Helminths 

infestation among the children is the outcome of poor sanitation and poor hygiene practices 

adopted by the population. The preschool children are more prone to worms infestation and it 

lead to loss of appetite, emaciation, anemia, and malnutrition in children (Odebunmi et al. 2007; 

Cappello 2004). According to (Odebunmi et al. 2007), iron deficiency anaemia is the secondary 

manifestation in children infected with worms, especially round worms and tape worms. The 

children suffer frequent bouts of diarrhoea and episodes of upper respiratory tract infections. 

 

Anemia in worm infected children is also caused by chronic haemorrhage from the alimentary 

canal. The infection with hookworms leads to chronic blood loss and iron deficiency anemia. 

 

The authors (Hotez and Molyneux 2008) mentioned the volume of blood loss as 1/5
th

 ml (Hotez 

and Molyneux 2008) daily in case of hookworm infection in children. The hook worms infection 

and iron deficiency anemia in children are affecting nearly 1 billion population in tropical and 

subtropical regions of the world (Milman 2011; Kaminsky et al. 2015). Helocobacter pylori are 

the gram–negative bacilli and are spiral in shape and microaerophilic in nature (Warren and 

Marshall 1982). These are responsible for gastritis and peptic ulcer. 
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The infection of Helicobacter occurs during childhood through feco-oral route (Sabbi et al. 2005; 

Razak and Ragab 2014). The factors like poor hygiene, improper sanitation and drinking of 

contaminated water predispose to helicobacter infection in children (Brown 2000). The preschool 

children in villages and slums are at high risk for infection and transmission of Helicobacter 

pylori (Bhuiyan et al. 2009; McColl et al. 1998). The bacteria remain attached to gastric mucosa 

and have high urease activity that lead to production of ammonia in stomach. The bacteria 

neutralize the hydrochloric acid in stomach and partially produce a state of hypochlorhydria 

which is implicated in poor absorption of cobalamin and nutritional anemia in infected children 

(Windle et al.2007; Kostaki et al. 2003; Marignani et al. 1997). 

 
Moreover, hypochlorhydria diminishes the local immunity of stomach and is the cause of 

diarrhoea, anemia and malnutrition in children (Dale et al. 1998). According to a study (Barabino 

et al. 1999; Annibale et al. 1999) in the patients suffering from refractory iron deficiency anemia, 

it was reported that proper eradication of Helicobacter pylori resulted in the normalization of 

hemoglobin concentration in the patients. Hence, the bacteria could induce gastritis and iron 

deficiency anemia in children. Severe malarial anemia is the reduction in the hemoglobin content 

below (<5g/dl) owing to the infection of Plasmodium falciparum (WHO 2004) resulting into 

parasitemia (>10000 parasites/µl) (WHO 2004) associated with or without cerebral malaria 

among children. The protozoa invade the red blood cells of host and the infected erythrocytes are 

captured in the spleen. The sequence of events initiate cell mediated immunity towards 

pathogens and toxins. The appetite of host decreases and becomes weak. The immune response 

of host stimulates the synthesis of pharmacologically active metabolites in host body which 

negatively affect the erythropoiesis. Hence, all the factors function towards manifestation of 

severe malarial anemia in children. 
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According to the report (UNICEF and WHO 2008), P. falciparum has the highest virulence and 

causes fatal malaria in host (White 2008) that has high prevalence in the Sub-Saharan African 

regions and is associated with high rate of mortality and morbidity among the children and 

adults. It is linked with severe anemia (Eibach et al.2012). Intercellular adhesion molecule 

(ICAM -1) is the glycoprotein in humans. It is also termed as CD54 (Carlson et al. 1988). ICAM 

-1 belongs to immunoglobulin superfamily that has important role in cell to cell adhesion and 

cell recognition. It is expressed on the endothelial cells and mucosal cells and cells of immune 

system (Bella et al. 1998). Pro-inflammatory substances like tumor necrosis factor-alpha and IL-

1 stimulate the expression of ICAM-1 in inflammation and infection (Pelletier and Girard 2007). 

The ICAM-1 molecule is implicated in the inflammation and pathogenesis of severe malarial 

anemia. Environmental enteropathy is the immunity induced inflammatory condition involving 

the mucosa of small intestine (Korpe and Petri 2012). 

 

Enteric pathogens invade the alimentary canal through feco-oral route by drinking contaminated 

water, and intake of contaminated food. The pathogens induced immunity towards the mucosa 

brings about inflammation and impairment in the absorptive function. The mucosa of intestine 

possibly adapts itself to hostile condition (Fagundes-Neto et al. 1984). Environmental enteropathy 

is associated with deficiency of cobalamin and dietary iron owing to reduced absorption in the 

small intestine. Furthermore, deficiency of micronutrients affects negatively the erythropoiesis 

leading to nutritional anemia (Humphrey 2009). Particles of soil and clay bind with the dietary iron 

in the GIT. The bound form of iron is unavailable for its absorption in the small intestine that leads 

to deficiency of dietary iron causing iron deficiency anemia in children who have habit of 

geophagy. 
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Additionally, ingested clay particles could be contaminated with worms and might cause damage 

to the intestinal mucosa, thus impairing the absorptive capability of intestine (Young 2010). So 

geophagia could result into iron deficit anemia in children. Coeliac disease is the auto-immunity 

directed to the mucosa of small intestine owing to allergy to the gluten protein in the wheat. The 

villi in the mucosa undergo atrophy and crypts of Lieberkuhn are subjected to hyperplasia ( Catassi 

and Fasano 2008). Coeliac disease is linked to the deficiency of cobalamin and dietary iron leading 

to nutritional anemia in the children who have allergy to gluten. The sub-clinical coeliac disease is 

reported to be associated with (Jones et al.2006) with iron deficiency anemia in nearly 505 of the 

patients. 

 
IL-6-hepcidin-hypoferremia 

 

Chronic inflammation and infection are linked to hypo-ferremia (Elizabeta et al. 2004). Iron is 

trapped in the storage as in mucosal cells, liver cells and macrophages in the body. During 

inflammation, the concentration of γ interferon and interleukin-6 are elevated that in turn 

increase the concentration of hepcidin in body. The peptide hormone decomposes the 

ferroportin-1 on the membrane of mucosal cells and thus, inhibits the release of iron into the 

blood circulation. The hypo-ferremia of inflammation affects the erythropoiesis resulting into 

nutritional anemia. Infection by human immunodeficiency virus coexists with anemia in children 

(Moore 1999: Moore 2000). Authors (Kuller et al. 2008) studied the comorbidity of anemia and 

HIV infection and asserted that cytokines that are produced in the body during HIV infection, are 

involved in the pathogenesis of anemia. 

 

The perinatal iron deficiency in the brain of infants those are born to diabetic mothers is 

common. The iron deficiency perpetually impairs the growth and development of hippocampus 

in the infants (Siddappa et al. 2004). Iron deficiency in the body retards the functioning of 
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neutrophils. Iron deficiency inhibits the activity of myeloperoxidase enzyme inside the 

neutrophils. The enzyme activity is dependent on the iron concentration in the body (Spear and 

Sherman 1992). These events impairs the immunity of the body and thus, iron deficit is 

associated with the reduce immunity. The proliferation of T-lymphocytes In the body is also 

regulated by the iron content of body. The authors (Kuvibidila et al. 1999) studied the interaction 

between iron deficit and functioning of protein kinase C in the mice. 

 

The enzyme influences the T cell proliferation. In the presence of iron deficit, proliferation of T 

cells was reduced (Kuvibidila et al.1999). Additionally, diacyglycerol and Inositol 1,4,5-

trisphosphate are involved in the control of T cell proliferation. These signaling molecules are 

synthesized after the hydrolysis of phosphatidyl-inositol-4,5-bisphosphate and reaction is 

catalyzed by phospholipase C in the cell membrane (Rhee and Choi 1992). The diacyglycerol is 

linked to the inner surface of cell membrane and is responsible for translocation of protein kinase 

C from cytosol towards inner face of cell membrane. The Inositol 1,4,5-trisphosphate diffuses 

into cytosol and binds to the receptors on endoplasmic reticulum. It helps in the release of 

 

calcium ions into cytosol and leads to rise in intracellular calcium. Thus, DAG and Ca
2+

 are the 

regulatory machinery of the PKC enzyme (Lenz et al. 2002). Nevertheless, iron deficit limits the 

activity of phospholipase C that in turn reduces the synthesis of DAG and ultimately 

translocation of protein kinase C is reduced. Hence, proliferation of T cells is reduced that 

hinders the innate immunity in iron deficiency in children. 

 

According to a study (Evans 2005), retinoic acid regulates the different stages in erythropoiesis 

in humans. Retinoic acid controls the growth and development of hematovascular tissues in stage 

yolk sac and further controls the erythropoiesis in intrauterine life. The retinoic acid also controls 

proliferation and differentiation of hemopoietic stem cells. 
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Nuclear receptors control the phenotype and genotype during intrauterine and post natal periods. 

The retinoic acid molecules serve as ligands that bind with the retinoic acid receptor (nuclear 

receptor) and regulate the erythropoiesis. The hypothesis is supplemented by the study (Oren et 

a.l 2003) that posited essentiality of retinoids in the normal course of erythropoiesis in yolk sac 

and hepatic stages. In a study (Semba et al 1992), the function of vitamin A supplements was 

tested in the control of iron transport from body store. Authors (Semba et al. 1992) conducted 

trial in children in age group from 3 to 6 years in West Java in Indonesia. It was reported that 

vitamin A supplements raised the serum ferritin level and hemoglobin concentration in children. 

In a study (Neumcke et al. 1999) on the effect of retinoic acid on the erythropoietin level in the 

cell culture, it was reported a rise in erythropoietin concentration irrespective of the partial 

pressure of oxygen. It is assumed that retinoic acid might influence the erythropoietin that in turn 

stimulates the erythropoiesis in bone marrow. Thus, vitamin A is associated with erythropoiesis 

and its deficiency is linked to iron deficiency anemia in children. In a study (Garcia-Casal and 

Layrisse 1998), it was reported that vitamin A might bind with the dietary iron and helps in its 

absorption. 

 

Zinc is substantially linked to erythropoiesis. In a study (Huber and Cousins 1993), it was proved that 

requirement of zinc is increased in the condition where erythropoiesis is stimulated. This study 

showed the necessity of zinc in the erythroid differentiation and erythropoiesis in children. In other 

study (Pevny et al. 1991), the erythroid transcription factor (GATA-1) is essential for the normal 

erythropoiesis in children. In the study by authors (Pevny et al. 1991) on the chimeric mice, it was 

found that deficiency of GATA-1 at the embryonic stem cell results into failure of maturation of 

erythroblast into erythrocytes. Zinc is the key component of GATA-1, also called as erythroid 

transcription factor and is encoded by GATA1 gene (Caiulo et al. 1991). GATA type 
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zinc finger protein have important role in the proliferation, differentiation and growth of cells in 

the eukaryotes. GATA factors possess more than one zinc finger domain for attaching with DNA 

and another substrate. 

 

Copper deficiency anemia is manifested as normocytic, microcytic or macrocytic along with 

neutropenia and in rare condition, thrombocytopenia prevails in children (Kumar 2006). The 

pathogenesis of copper deficiency anemia in children is linked to copper dependent enzymes 

named as ceruloplasmin and hephaestin in body (Kodama and Fujisawa 2009). 

 

The hephaestin is the copper dependent ferroxidase that oxidizes ferrous form into the ferric 

form and catalyzes the escape of iron from the basolateral surface of enterocytes into the 

circulation. The Ceruloplasmin is copper dependent ferroxidase that again catalyzes oxidation of 

ferrous form into ferric form in the blood circulation and is helpful in the transport of iron in 

conjugation with transferrin in blood circulation and its transport to bone marrow for 

erythropoiesis. Copper deficiency is responsible for iron deficit in the circulation and impairment 

of erythropoiesis. Hypocupremia is essentially linked with the hypoferrmia, according to 

(Tokuda et al. 1986) The hypocupremia is linked with impaired proliferation of pluripotent stem 

cells in bone marrow. In a study (Graham and Cordano 1976), it was described that 

hypocupremia among children influences the iron metabolism. The hypocupremia leads to 

decline in absorption of iron from the mucosa of intestine, limited efflux of iron from the 

enterocytes into blood circulation and thus, leads to iron deficit and deficit bioavailability of iron 

to bone marrow for erythropoiesis. 

 

Infants feeding on cow milk early in life are predisposed to iron deficiency and depletion of zinc 

in infant body (Ziegler 2007). Infants have high demand for iron due to rapid growth. Infants 
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who are fed on cow milk have natural tendency to iron deficiency owing to low iron amount in 

cow milk (Ziegler 2011). Hence, rapid growth, raised demand for iron and concomitant 

administration of cow milk would, definitely, lead to iron deficiency anemia in infants. It is true 

in age group of 6 months to 24 months (Hermoso et a. 2011). These infants are vulnerable to 

impeded growth and development (Szajewska et al. 2010).Whole cow milk is low in iron 

content. Its use in early infancy predisposes to iron deficiency anemia (Dallman et al. 1980). 

Bioavailability of iron in human breast milk is very high. It is due to presence of lactoferrin in 

milk and it increases the transport of iron from milk to enterocytes. Also, low calcium and 

phosphorus in milk enhance iron bioavailability. Contrarily, milk proteins in cow milk act as 

strong inhibitors of iron absorption. Therefore, iron absorption from human breast milk is high 

(50%) in comparison to very low (10%) of iron absorption from whole cow‘s milk (Oski 1993). 

 

2.4 Conclusion 
 

 

Nutritional anemia is the major health problem affecting around 1.62 billion population of the 

world, according to a report by World Health Organization. The children in preschool age are the 

worst affected population group with the nutritional anemia. Further, WHO estimated about 

468.4 million non-pregnant women and about 680.4 million pregnant women are distressed with 

anemia. The occurrence of nutritional anemia is highly inconstant across the world. It is 

attributed to food habits, food security, education, socioeconomic status, environmental 

conditions and medical accessibility to the population. The prevalence of nutritional anemia in 

developing countries is comparatively higher than the developed countries. 

 
Deficiency of iron and iron deficiency anemia are two main health related problems affecting the 

preschool children. Additionally, deficiency of nutritional factors like cobalamin and folic acid 

along with iron represents the major cause of nutritional anemia in children which exhibits 
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comorbidity with malnutrition, diarrhoea, and upper respiratory tract infections. There is high 

burden of diseases together morbidity and mortality in children. 

 
The occurrence of non-nutritional factors namely worms infestation, malarial parasites, diarrhoea 

and tuberculosis are essentially attributed to nutritional anemia. The malnutrition affects the 

metabolism of children and is implicated in high rate of mortality in children in developing 

countries. It is responsible for compromised immunity, recurrent infections and anemia among 

preschool children. Environmental enteropathy impairs the gut immunity. It results into 

increased permeability and diminished absorptive capability of small intestinal epithelium. 

Hence, absorption of dietary micronutrients is derailed that results into nutritional anemia in 

children. The retinoids, zinc, and selenium are essential for biochemical reactions, transcription 

and translation processes. These are necessary for erythropoiesis, growth and development in 

intrauterine and post-natal life of children. 
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CHAPTER 3 

 

WASTING AND DIARRHOEA IN CHILDREN IN 2 YERS TO BELOW 5 

YEARS AGE GROUP 

 

 

3.1 Literature Review 
 

 

Wasting is the acute malnutrition affecting critically the children in preschool age. According to 

an estimate by (UNICEF 2019; UNICEF-WHO-WB 2012), almost 50% of the mortality rate 

among the children below the age of five years is ascribed to undernutrition. Furthermore, 

according to (UNICEF 2019), undernutrition is highly implicated in the high mortality rate of 

children under age of five in comparison to overnutrition in children (Nandy, Irving and Gordon 

2005). The undernutrition undermines the immunity of children (Mandal, Prabhakar and Pal 

 
2014) and renders them susceptible to infections of upper respiratory tract and diarrhoea which 

in turn predispose the children to raised mortality and morbidity (Shreyaswi Sathyanath, Rashmi 

and Udaya 2013). A large community of authors worldwide has put forward the extensive 

literature that highlights the high mortality and dilapidated condition which the children are 

facing those are inflicted with wasting. 

 

The wasting is the result of myriad predisposing factors namely poverty, food crisis, hunger, 

disease, (Black, Victora and Walker 2013) poor sanitation, improper child caring practices, 

(Ghosh-Jerath, Singh and Jerath 2017)and inaccessibility to medical facility that interact in a 

complex behavior and lead to acute malnutrition (Tickell et al., 2017;Nel 2016). 

 

Medical conditions like diarrhoea, malaria, cholera, acute upper respiratory tract infections 

periodically trigger loss of appetite, weight loss and hamper immunity of affected children 
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(Lenters, Wazny and Webb 2013). The wasting is invariably associated with decreased muscle 

mass and mobilization of stored fat in the body (Vollmer et al.2014). The poor intake of diet, 

additionally compromise the consumption of adequate amounts of macronutrients and 

micronutrients that in turn aggravate the wasting in children. The wasted children have 

compromised body immunity that predisposes them to repeated bacterial and viral infections, 

and pitting oedema of extremities (Butta et al. 2017). These children survive in the morbid state 

of life and persistently survive in life threatening condition. There is high rate of child mortality 

in wasted children under the age of five years (Scrimshaw 2003). 

 

Since the predisposing factors of wasting are unrelenting, therefore, the wasting resurfaces in the 

poor and weak children (Menon and Stoltzfus 2012) that becomes the most substantive factor for 

the initiation of stunting that has perpetual negative effects on the body of children in the 

adolescent period of life (Khara and Dolan, 2014). In India, high prevalence of wasting, stunting 

and underweight was reported in the National Family Health Survey (NFHS-4), according to 

(MHFW 2019) which was conducted in between 2015–2016. The prevalence of wasting, 

stunting and underweight in the NFHS-4 survey were 21%, 38.4% and 35.7% during 2015-16, 

respectively (MHFW 2019), while, the prevalence of wasting, stunting and underweight in the 

NFHS-3 during 2005-06 were reported as 20%, 45% and 40%, respectively (Fred, Parasuraman 

and Arokiasamy 2009). 

 

The comparison from the data from the two National Family Health Surveys (NFHS-3 and 4) 

yielded that the prevalence of stunting in children under age of five years decreased by 6.6% 

from 45% to 38.4% during the period 2005-06 to 2015-16 within a span of past ten years 

(MHFW 2019; Fred, Parasuraman and Arokiasamy 2009). Additionally, the prevalence of 

underweight in children under age of five years also reduced by 4.3% from 40% to 35.7% during 
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the period 2005-06 to 2015-16 within a span of past ten years (MHFW 2019; Fred, Parasuraman 

and Arokiasamy 2009). Furthermore, the prevalence of wasting in children under age of five 

years increased by 1% from 20% to 21% during the period 2005-06 to 2015-16 within a span of 

past ten years (MHFW 2019; Fred, Parasuraman and Arokiasamy 2009). 

 

The rise in the prevalence of wasting past 10 years is a serious concern for the policy makers of 

the country as wasting is severely implicated in the deterioration of the physical, mental, 

cognitive, emotional and social health of children under the age of five years. Wasting is 

intensively involved in the high child mortality rate under the age of five years (Vese et al. 

2010). Additionally, a report from the (International Food Policy Research Institute 2017) 

posited that India stands at 100th rank out of 119 countries in the Global Hunger Index 2017. 

 

It should be the concern for the government to draft a food policy in favor of millions of poor 

and deprived masses of the world (Bryce, Coitinho and Darnton-Hill 2008; Shiffman 2007). 

 

The Government of India's Integrated Child Development Services and National Health Mission 

seek to improve the nutritional status of children through growth promotion activities, especially 

implementing interventions to promote growth in the first 1000 days of life but face substantial 

barriers (Nair et al. 2017). To combat child under-nutrition with right set of interventions, policy-

makers need to have better understanding of its economic, social, and policy determinants 

(Martorell and Young 2012). The specific objective of this paper is to identify the social 

determinants of stunting, wasting, and underweight among children in five high-burden pockets 

of the four Indian states (Menon, Raabe and Bhaskar 2009). and also to examine the general 

question that whether there are different predictors of stunting, wasting, and underweight or 

whether they share common predictors. 
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The analysis was done primarily to help policymakers for designing a comprehensive nutrition 

promotion program by addressing all three nutritional problems (Keino Plasqui and Borne 

2014).According to a report (ORGI 2009), diarrhoea is the leading cause of the mortality in 

children under five in India. Diarrhoea is liable for around 14% deaths in children under five 

(ORGI 2009). According to a study (Kosel et al. 2003), it is estimated that in between 1992 and 

2000, around 4.9 children under age of five per 1000 children annually died of diarrhoea in the 

developing countries. The child mortality rate under five declined from 13.6 children per 1000 

children to 5.6 children per 1000 children during the period from 1982 to 1992 (Snyder and 

Merson 1982; Bern 1992). Around 2.5 million child mortality per year owing to diarrhea 

episodes reported in developing countries. In a study (Black 2010), recent data predicted child 

mortality under five due to diarrhoea across the world and estimated about 14% of child 

mortality due to diarrhoea in India. Regarding a gender variation in child mortality, authors 

(Bassani et al. 2010), reported a high diarrhoea mortality rate among the girls in the Central India 

and its prevalence was 4 times higher than its prevalence in boys in the West. 

 

3.2 Contribution to Knowledge 
 

 

KEY POINTS 
 

 

 The study provided regional data regarding the prevalence of wasting and 

diarrhoea in children in the age group between 2 years to below 5 years in the city, 

Fazilka in Punjab, India. The availability of regional data of the prevalence of 

undernutrition in children under age of five is highly limited to metropolitan cities in 

Punjab. The study is unique in delivering useful information about the prevalence of 

wasted children, correlation of wasting with age and sex of children, prevalence of
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diarrhoea in children and significantly the correlation of wasted children with episodes 

of diarrhoea in children under age of five years. 

 

 Study showed the prevalence of 13% wasting and 46% diarrhoea in the children under 

age of five years in the city, Fazilka in Punjab.

 
 Present work provided information about the segmental prevalence of wasting and 

diarrhoea in children in schools, child care centers (anganwadis) and slums. The 

prevalence of 11%, 15% and 15% wasting in children in schools, anganwadis and slums 

and prevalence of 37%, 30% and 72% diarrhea in wasted children in schools, anganwadis 

and slums have been reported in present study.


 The study provided age and sex predilection to diarrhoea in children in city, Fazilka 

in Punjab. The prevalence of diarrhea is 12% in age group 2-3 years in children is higher 

than prevalence 2.7% diarrhoea in age group >3-4years of children. The prevalence of 

diarrhea in boys and girls is almost similar in the city, Fazilka in Punjab.

 

3.3 Analytical Discussion 
 

 

Diarrhea is the enteric pathogens induced inflammatory condition of gut and it is multifactorial 

in its etiology. In the present study, the prevalence of wasted children with diarrhoea (46%) and 

segmental prevalence of wasting and diarrhoea is (72%) in the children residing in slums in 

comparison to prevalence in wasted children in schools and anganwadis. In a previous study 

(Joshi et al. 2011), prevalence of diarrhoea was 58% in wasted children was mentioned. 

 
In other latter study (Christopher et al. 2018), childhood wasting was mentioned as the leading 

cause of diarrhoea with the highest prevalence of diarrhoea as 80.2% in children. 

 

These studies depict variable prevalence of diarrhoea in wasted children under age of five. The 

explanation in the variability of prevalence of diarrhoea in children could be explained on the 



76 
 

 

basis of inequality in the socioeconomic status, availability of food, time of data collection, 

literacy, awareness to hygiene and sanitation and cultural practices in the families in different 

regions. Moreover, the previous studies supplement the high prevalence rate of comorbidity of 

diarrhoea with wasting as is found in the present study. Truly, the conditions as diarrhea and 

wasting coexist and interact to weaken the immunity of children in the tender age below five. 

The comorbid state has high mortality and morbidity in children. The acute episodes of diarrhoea 

are linked to wasting significantly as depicted in the present study. The comorbidity is 

supplemented in the previous studies (Siddique et al. 1991; Njuguna and Muruka 2011) that 

showed significant high comorbidity of wasting and diarrhoea in children under age of five. 

 
3.4 Conclusion 
 

 

Wasting is the acute malnutrition affecting critically the children in preschool age. The 

undernutrition is highly implicated in the high mortality rate of children under age of five in 

comparison to overnutrition in children. The undernutrition undermines the immunity of children 

and renders them susceptible to infections of upper respiratory tract and diarrhoea which in turn 

predispose the children to raised mortality and morbidity. 

 

The wasting is the result of myriad predisposing factors namely poverty, food crisis, hunger, 

disease, poor sanitation, improper child caring practices, and inaccessibility to medical facility 

that interact in a complex behavior and lead to acute malnutrition. 

 

Medical conditions like diarrhoea, malaria, cholera, acute upper respiratory tract infections 

periodically trigger loss of appetite, weight loss and hamper immunity of affected children. The 

wasting is invariably associated with decreased muscle mass and mobilization of stored fat in the 

body. The poor intake of diet, additionally compromise the consumption of adequate amounts of 
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macronutrients and micronutrients that in turn aggravate the wasting in children. Since the 

predisposing factors of wasting are unrelenting, therefore, the wasting resurfaces in the poor and 

weak children that become the most substantive factor for the initiation of stunting that has 

perpetual negative effects on the body of children in the adolescent period of life. 

 

The variability in the prevalence of diarrhoea in children could be explained on the basis of 

inequality in the socioeconomic status, availability of food, time of data collection, literacy, 

awareness to hygiene and sanitation and cultural practices in the families in different regions. 

The studies supplement the high prevalence rate of comorbidity of diarrhoea with wasting. Truly, 

the conditions as diarrhea and wasting coexist and interact to weaken the immunity of children in 

the tender age below five. The comorbid state has high mortality and morbidity in children. 
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CHAPTER 4 

 

CHARACTERIZATION OF PALLOR (ANEMIA) ON THE BASIS OF AGE 

AND SEX OF CHILDREN AND ITS COMORBIDITY WITH MALNUTRITION 

 

 

4.1 Literature Review 
 

 

Pallor is the clinical condition of yellow discoloration of the mucosa, skin, nail beds, palm, and 

conjunctiva. Pallor is the important clinical manifestation of anemia in children. It is the essential 

biomarker for the screening of anemia in primary health centers, villages, slums and other areas 

with limited access to laboratory testing facilities (Weber et al.1997; Bunn 1994). 

 
Nutritional anemia due to dietary deficiency of iron, folic acid or cobalamin is the major health 

problem among the children under five in developed as well as developing countries. Iron 

deficiency anemia represents nearly 50% of the total anemia children across the world (WHO 

2001). 

 
Clinical sign of pallor was utilized in the assessment of anemia in children. The study The 

diagnosis and management of anemia, which affects a significant proportion of young children in 

developing countries, largely depends on the clinical assessment for pallor. The study (Getaneh 

et al 2000) was based on the evaluation of pallor in estimating anemia in children in age group 

between 2 moths to 60 months in the OPD of Jimma Hospita. The authors assessed pallor sign on 

the five body sites as dorsum of tongue, buccal mucosa, conjunctiva, nail beds, and palm). 

 
The ease of utilizing clinical pallor sign in detecting anemia is its applicability through trained 

nursing staff and paramedical staff. In the study (Getaneh et al 2000), pallor in the palm had the 

sensitivity of 58% in detection of anemia in children, while conjugated assessment of either 

palmer or conjunctiva pallor raised the sensitivity to 73% in screening of anemia. 
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In a study (Yalcin et al. 2007), clinical pallor is useful sign in detection of anemia, however, its 

use could be false positive in patients with raised pigmentation with bilirubin, iron, or melanin. 

The study (Yalcin et al. 2007) concluded that palmar pallor showed the highest sensitivity and 

minimum specificity in detection of anemia in patients of beta-thalassemia. The conjunctiva 

pallor had higher usefulness than palmer pallor or pallor in buccal mucosa in patients with raised 

ferritin levels. 

 
The World Health Organization developed Integrated Management of Childhood Illness (WHO 

1997) strategy recommended the utility of palmar pallor in the initial screening of anemia in 

children. The recommendations of WHO were based on the results of studies conducted in 

Gambia (Weber et al. 1997), Kenya (Zucker et al. 1997), and Malawi (Luby et al. 1995). The 

study at Kenya proved that palmer pallor was better than conjunctiva pallor in detection of 

anemia in children and other studies showed the higher sensitivity of palmer pallor in anemia 

screening in children. 

 

4.2 Contribution to Knowledge 
 

 

KEY POINTS 
 
 
 

 The present study contributed to newer knowledge in the field of nutritional science, 

and hematology.

 
 The study provided information regarding screening of anemia in children under age 

of five years in villages, remote localities and primary healthcare centers lacking 

adequate laboratory facility to assess hemoglobin and other hematological parameters 

to detect anemia.
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 The study provided data regarding utility of clinical sign of pallor in palm, labial 

mucosa, skin, conjunctiva and nail beds in assessing anemia in children under age of 

five years

 
 The study provided valuable information to delineate comorbidity of anemia (pallor) 

with wasting and correlation of anemia with under-weight in children under five

 
 The present work contributed to knowledge regarding predilection of age to 

anemia (pallor) in under five aged children

 
 The study provided information about the gender-wise characterization of pallor 

(anemia) in under five aged children

 

4.3 Analytical Discussion 
 

 

Pallor is the clinical characteristic of anemia and is observed by the clinicians in the routine 

general physical examination of patients. The teachers, paramedical staff, employees in child 

care centers and parents should be educated about the inspection of clinical pallor in the children. 

In the present cohort and cross-sectional study, prevalence of pallor was detected in 26% 

population of below five children in the city, Fazilka. The age predilection of pallor was higher 

in the age group between >3y to <5y than age group 2y to 3y in children. In the previous study 

(Christoffel 1981), it was concluded that older children in age >3 years have their dentition 

completely erupted. These children become habitual of consuming junk foods, potato wafers, 

burgers that are lipid enriched micronutrient deficit diet for the children and predisposes the 

children to obesity and micronutrient deficiency anemia. In previous study (Getaneh et al. 2000), 

contrary results were found. The children in age <2y have higher prevalence of pallor than 

children in older age group. The processed foods are deficient of iron and their intake gives a 
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feeling of satiety to children. The children in younger age depend on foods given in their houses. 

The children in older age prefer processed foods from the market which are deficient of minerals. 

Anemia is the global health hazard in the children below age of five. In previous study (Kapur et 

al. 2002), prevalence of pallor 23% was reported in children in age between 9 months to 36 

months in urban slums. In additional previous study (Bazroy et al. 2005), prevalence 7.2% in 

general community children and 22% in fishermen community children was detected. It is 

asserted that prevalence of anemia is highly variable that depends on participating factors. In a 

study (Maclean et al. 2009), nearly 50% population of children below age of five in the world is 

suffering from anemia. 

 
In the study, prevalence of pallor in girl children is non-significantly higher than boys. In 

previous study (Singh 2014), supporting data was obtained that concluded similar prevalence of 

pallor in boys and girls. In previous study (Gupta et al. 2012), the boys in Tsunami affected 

regions in the state Tamil Nadu had higher prevalence of pallor than girls. It can be asserted that 

natural calamity, food crisis, and gender based food reservation in a family determine the gender-

wise characterization of pallor in children. 

 
Adequate quantity and good quality of foods and normal health have glove in hand relationship. 

In the present study, pallor was significantly correlated to wasting and under-weight in 

children. In the previous study ( Singh and Babu 2014), it was reported that prevalence of 

anemia was higher in under-weight children. 

 
The comorbidity of anemia with wasting and under-weight in children in the present study is 

authenticated by previous study (Bhoite and Iyer 2011) in which direct and strong correlation 

between anemia and under-weight had been illustrated. 
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Anemia in preschool children is multifactorial; moreover, the iron deficiency anemia is more 

widespread among below five children. Anemic and malnutrition in children weaken the 

immunity that in turn raises susceptibility to infections. In a study (Kotecha 2011), anemia, 

malnutrition and appetite re linked in children. The vicious cycle disseminates into malnutrition 

and ends in nutritional anemia. 

 

4.4 Conclusion 
 

 

Pallor is the clinical characteristic of anemia and is observed by the clinicians in the routine 

general physical examination of patients. The teachers, paramedical staff, employees in child 

care centers and parents should be educated about the inspection of clinical pallor in the children. 

 

The present cohort and cross-sectional study depicted high prevalence (26%) of pallor in 

population of below five children. The age predilection of pallor was higher in the age group 

between >3y to <5y than age group 2y to 3y in children. The children in formative years become 

habitual of consuming junk foods, potato wafers, burgers that are lipid enriched and 

micronutrient deficit diet and predispose the children to obesity and micronutrient deficiency 

anemia. The processed foods are deficient of iron and their intake gives a feeling of satiety to 

children. Present study described high correlation between pallor, wasting and under-weight in 

children. Anemia in preschool children is multifactorial; moreover, the iron deficiency anemia is 

more widespread among below five children. Anemic and malnutrition in children weaken the 

immunity that in turn raises susceptibility to infections. The community education and nutrition 

programme should be implemented focusing on the exclusive breastfeeding and initiation of 

complementary food that would help improve the nutritional status of children under age of five 

years. 
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CHAPTER 5 

 

COMORBIDITY OF GEOPHAGIA WITH PALLOR AND MALNUTRITION 

IN CHILDREN 

 

 

5.1 Literature Review 
 

 

The tendency of eating substances that are non-nutritive is referred as pica and the habit of eating 

sol or clay is called as geophagia. The habit is common in the early period of life when the child 

learns by putting the fingers and objects in the mouth (oral stage). Owing to poverty and food 

crisis, few children are deprived from the food and they develop tendency to eat clay or soil or 

paper in order to have satiety (Patty Inglish 2014). 

 

The nutritional deficiency of iron, calcium, or zinc in the body can result into development of 

geophagia in children. But the exact pathophysiology of geophagia is uncertain. The involved 

children and adults eat starch, clay or ice. The soil or clay particles can bind with iron in the 

lumen of gut and interfere in the absorption of iron through the gut mucosa. This condition 

further exaggerates the iron deficiency in the body (Roselle 1970). The soil eating is associated 

with high level of lead exposure of the children which is a common element in the lead based 

paints in the houses (Nicholls and McLachlan 1990). 

 

Multiple theories exist to explain the habit of geophagia. The nutritional deficiency theory is 

based on the assumption that deficiency of elements like iron in the body of children induces 

hormones in the brain that control appetite and the children develop unusual craving for the non-

food substances, moreover, eating of non-foods could not supplement the deficient element in 

the body. 
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The protection theory is based on the assumption that geophagia during pregnancy relieve the 

affected persons from nausea, and vomiting. The clay eating could protect from the harmful 

effects of toxins that enter the alimentary canal with the edibles. 

 

Eating clay or soil is common practice among the children in India, African countries and some 

areas in the United States. According to a study (Abraham 2003), geophagy habit is linked with 

traditions and customs in the region and families that is inherently transferred from one 

generation to the next generation. Soil eating could be related to sustaining fertility among 

certain regions of the African continent. According to a popular belief, the ingested soil or clay 

could relieve nausea and vomiting and fulfill the deficiency of calcium during the pregnancy. 

 

 

5.2 Contribution to Knowledge 
 

 

KEY POINTS 
 

 

 Present study exhibited regional prevalence of geophagia in children below age of five 

years in the city, Fazilka in Punjab, India. The study is helpful to synchronize the 

present data about prevalence of geophagia with the national data as mentioned in 

the previous studies.

 
 Present study provided concrete facts regarding the age-wise characterization of 

geophagia in children below five years of age in Fazilka city in Punjab

 
 The study furnished newer dimension regarding comorbidity of geophagia with the 

clinical pallor in children

 
 Present study provided newer dimension about the coexistence of geophagia 

with under-weight and wasting in children below age of five
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5.3 Analytical Discussion 
 

 

Geophagia is the urge to eat non-food substances as clay, chalk or soil. It is the eating disorder 

and the data about the etiology and negative effects on the body are not fully illustrated. 

According to the micronutrient deficiency hypothesis, deficiency of micronutrients like iron, 

calcium or zinc is the cause of geophagia in children. In the present study, the overall prevalence 

of 9.4% geophagia in children under age of five is reported. In the previous study (Gupta and 

Gupta 2005), the prevalence 32% of geophagia in children was mentioned. The prevalence of 

geophagia in the present study is comparatively lower than the previous study. In other previous 

study (Ismail and Hill 1996), the prevalence 23.8% of geophagia in children in the districts of 

Kazakhstan is higher than the prevalence of geophagia in the present study in the city, Fazilka in 

Punjab, India. The reasonable explanation could be the selection of participants, size of sample, 

time of data collection, culture, food availability, rate of literacy, income of family, type of 

houses, and access to medical facility are the factors that contribute to the cause of geophagia in 

children. 

 
Moreover, the literature provided in National Library of medicine, U.S.A. substantiate the 

prevalence of geophagia in children. According to the report, prevalence of 10 to 32% geophagia 

in children in age group between 1 to 6 years showed pica behaviors. 

 
In previous study (Vermer and Frate 1979), the prevalence 16% of geophagia was reported in 

the children. It can be concluded that prevalence of geophagia is highly variable among the 

students. The insistent tendency to eat soil or clay in children pertains to a specific group in the 

formative years of life. Present study indicates the prevalence 9.4% of geophagia in children 

between 2 years to below 5 years of age in Fazilka city in Punjab. There is strong correlation of 

age predilection and prevalence of geophagia in under five children in the study as showed by 
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significance (p<0.0001) and chi square value (χ² = 37.8, df=1) in the present study. Further, the 

habit of geophagia declines with the advancing age of children and it is indicated by lower 

prevalence 1.6% of geophagia in upper age group of children (>3y <5y) in comparison to higher 

prevalence 20.2% of geophagia in lower group (2y-3y) of children in Fazilka city in Punjab. The 

age predilection of geophagia is substantiated by previous study (Hagopian et al.2011). The 

studies confirm the reciprocal and linear correlation between age of children and prevalence of 

geophagia. The habit of geophagia is construed as physiological age group between 18 months to 

2 years, moreover, the eating non-nutritive substances after the gae of two yars in children is 

considered as pathological. In the previous study (Hagopian et al.2011), the prevalence of 

geophagia is 25-33% in younger age group of children, while in the present study, prevalence of 

geophagia is 20.2% in age between 2y to 3y in children. In another previous study (Tracy 2014), 

the younger age predilection of geophagia is confirmed and the habit discontinues in children 

more than three years of age. The etiology of geophagy is unequivocal; however the harmful 

effects of geophagy are tremendous. In present study, strong and significant (p< 0.0001) 

correlation has been observed between geophagia and under-weight in children. 

 
In earlier study (Diouf et al. 2000), it was posited that geophagia, intestinal worms and anemia 

have strong association with the malnutrition in children under age of five years. According to 

previous study (Geissler et al. 1998), clay eating raises the susceptibility to parasitic infection 

in children. These events lead to undernutrition, diarrhoea and anemia in children. The 

improper weaning, illiteracy, poverty, inadequate medical facility predispose to the habit of 

geophagia in the age between 2 years to 3 years in children. 

 
The previous study (Karoui and Karoui 1993) posited that food crisis, or food with poor quality 

provided to children in developing stage incline to the prevalence of geophagia in children owing 
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to nutritional deficiency and hunger in the children. In the previous study (Prasad et al.1983), 

authors reported the histological changes in the mucosa of small intestine after becoming 

addicted to habit of geophagia in the affected population. The absorption through the mucosa is 

impaired in the affected children and they suffer from nutritional deficiency. 

 
Overall, children in habit of geophagia develop wasting and under-weight owing to lack of 

nutrition. Moreover, the study (Geissler et al.1998), reported the higher chance of endoparasites 

infection in children with the habit soil eating in comparison to those who have normal eating 

behavior. The parasitic infection culminates into poor nutrition, diarrhoea and anemia. 

 
Geophagia is detrimental to the health of affected children. In the present study, it is described 

that comorbidity of geophagia in children is strongly associated with clinical pallor and the 
 

correlation is highly significant (p<0.0001) with chi square value X
2

=114.2). 

 

The previous work (Karoui and Karoui 1993) on the Tunisian children in age group between 10-

59 months proved the related facts. 

 
In other previous study (Lanzkowskyt 1958) among twelve children in the department of child 

health in Red Cross War Memorial Children's hospital at Cape Town in South Africa proved the 

iron deficiency in all the children affected with geophagia habit. 

 
In further previous study (Moore and Sears 1994), the association between anemia and 

geophagia is authenticated. Clay particles bind the dietary iron and interfere with its absorption 

resulting in iron deficiency anemia in the affected children. According to previous study (Prasad 

et al. (1983), soil components injure the gut mucosa leading to diminished absorptive potential of 

mucosa. 
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5.4 Conclusion 
 

 

Geophagia is the urge to eat non-food substances as clay, chalk or soil. It is the eating disorder 

and the data about the etiology and negative effects on the body are not fully illustrated. 

Prevalence of comorbidity of geophagia with pallor and malnutrition marks the pathetic 

nutritional status of the children under the age of five. The epidemiology of geophagia is 

widespread across the world; nevertheless, its etiology is ambiguous owing to involvement of 

multiple factors in the pathogenesis. The nutritional deficiency of iron, calcium, or zinc in the 

body can result into development of geophagia in children. Owing to poverty and food crisis, 

few children are deprived of food and they develop tendency to eat clay or soil or paper in order 

to have satiety. 

 

Present study described the prevalence of 9.4% geophagia in children under age of five years. 

Nevertheless, prevalence of geophagia in the present study is comparatively lower than the 

previous studies. It depends upon selection of participants, size of sample, time of data 

collection, culture, food availability, rate of literacy, income of family, type of houses, and 

access to medical facility that contribute to the cause of geophagia in children. The reciprocal 

and linear correlation between age of children and prevalence of geophagia is confirmed. The 

habit of geophagia is synonymous with physiological age group between 18 months to 2 years, 

moreover, the eating non-nutritive substances after the age two years in children is considered as 

pathological. The improper weaning, illiteracy, poverty, inadequate medical facility predispose 

to the habit of geophagia in the age between 2 years to 3 years in children. The geophagia, 

intestinal worms and anemia have strong association with the malnutrition in children under age 

of five years. The eating of clay raises the susceptibility to parasitic infection in children. These 

factors lead to undernutrition, diarrhoea and anemia in children. 
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Conclusively, children in habit of geophagia develop wasting and under-weight owing to lack of 

nutrition 
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CHAPTER 6 

 

EARLY CHILDHOOD DENTAL CARIES AND ITS COMORBIDITY WITH 

MALNUTRITION, DIARRHOEA, GEOPHAGIA AND PALLOR IN CHILDREN 

 

 

6.1 Literature Review 
 

 

The dental caries in children in formative years is referred as early childhood dental caries and is 

defined as in the preschool age in children, the occurrence of dental caries on one or more than 

tooth with or without cavitation and or missing tooth caused by Dental caries or filled tooth 

surface/surfaces in deciduous dentition (Casamassimo et al. 2005). Early childhood dental caries 

is the infectious and microbial disease that involves deciduous and permanent teeth alike. Dental 

caries affect the milk teeth early in life of children. Dental caries is intimately linked to socio-

economic status, oral hygiene habits and social behavior of patients. Further, child care practice 

and awareness of parents of medical facility are the determining factors in the onset of early 

childhood dental caries ( Douglass et al. 2001). 

 
The dental caries starts as an initial incipient lesion on the surfaces of teeth and progress as 

cavitation in the teeth. The disease affects early in life the deciduous teeth and could mutilate the 

milk teeth (Skeie et al, 2006). 

 
Early childhood dental caries results into pain, swelling and difficulty in eating with the toddlers. 

ECC is the major dental health problem of children and it is linked to general health problems 

like malnutrition, anemia and diarrhoea in children (Kumar 2010). 

 
Early childhood dental caries are not effectively managed in the initial stage and remains 

untreated in the general population in rural as well as urban communities alike. The false 

perception that the deciduous teeth are temporary and these will be succeeded by the 
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permanent teeth is the main factor that predisposes to poor oral hygiene and spread of dental 

caries in the children (Postma et all., 2008). Early childhood dental caries are the chronic and 

infectious disease of milk teeth of children. Previously, oral health and oral hygiene were not 

referred as relevant in the general health of body. Moreover, present research revealed that oral 

hygiene and dental health are intensively linked and are intimate components of the general 

health (Dunning 1986). 

 
Dental caries result into pain that irritate the children with potential to avoid eating with the 

affected side. The periodic dental pain is the cause of reduced intake of food by the children. 

Further, dental caries, oral hygiene, dental awareness, socioeconomic status and literacy are 

interlinked. The factors as poverty, poor oral hygiene practices, and dental caries are associated 

with each other (Chakraborty et al., 1997). 

 
The oral and systemic diseases are correlated and it is the established fact. The diabetes mellitus 

and cardio-vascular diseases give rise to oral manifestations (Grossi & Genco, 1998). According 

to (Edalat et al. 2014), dental health and general health are interlinked health issues in children. 

The nutritional status of children has a role in the dental health. The balanced diet is essential for 

the normal growth and development of body organs along with teeth in preschool age of 

children. 

 
Food quality influences the health of teeth and general body health of children. Recently, a 

change in the dietary pattern has been reported that includes intake of tertiary processed foods, 

snacks, soft drinks which are deficient in micronutrients and vitamins. According to study 

(Weinstein et al. 1996), processed foods are closely linked to dental caries and malnutrition with 

comorbidity of anemia in children. 
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6.2 Contribution to Knowledge 
 

 

KEY POINTS 
 

 

 Present study contributed to newer knowledge regarding prevalence of early childhood 

dental caries in the Fazilka city in Punjab. The work is unique as it provided regional 

data about the prevalence of dental caries in preschool aged children which is 

unavailable in other sources of information. The study described a prevalence of 11.6% 

of dental caries in children between 2 years to 5 years of age.

 
 The study furnished information regarding characterization of early childhood dental 

caries on the basis of strata, age and sex of affected children. on the basis of strata, the 

prevalence 17.8% of dental caries in slum children was significantly (p=0.01)higher in 

comparison to prevalence 7.5% and 15.8% of dental caries in children in schools and 

anganwadis, respectively. Moreover, the difference in the prevalence (12.9%) of dental 

caries in upper age group (>3-<5y) was non-significantly (p=0.27) higher in comparison 

to prevalence (9.5%) of dental caries in lower age group (2-3y). Additionally, the 

prevalence 12.3% of dental caries in boys was non-significantly (p=0.57) higher in 

comparison to prevalence 10.5% of dental caries in girls in the city Fazilka in Punjab.

 
 The study provided vital information regarding comorbidity of early childhood dental 

caries with malnutrition in preschool aged children. The study showed higher 

prevalence (34.5%) of dental caries in children suffering from wasting in comparison to 

lower prevalence (8.1%) of dental caries in normal children. Study showed prevalence of 

19% dental caries in children with under-weight, significantly (p<0.001) higher in 

comparison to prevalence of 8.6% dental caries in normal children. Further, study posited 

a higher prevalence of dental caries (12.7%) in stunted children in comparison to
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(11.15%) prevalence of dental caries in normal children that was proved non-significant 

 

(p=0.64) 

 

 The present study contributed to knowledge regarding higher prevalence of 

comorbidity of dental caries in children with pallor (anemia) in Fazilka city in 

Punjab. The study posited 68% higher prevalence of dental caries, significantly 

(p=<0.0001), in children those suffered from pallor (anemia) in comparison to healthy 

children.

 
 The study provided information about the linearity of dental caries with the diarrhoea 

in children in age between 2 years to below 5 years of age. Study showed about 45% 

increased prevalence of dental caries in children those suffered frequent episodes of 

diarrhoea in comparison to healthy children, non-significantly (p=0.14).

 
 The present study furnished information regarding the comorbidity of early childhood 

dental caries with the habit of geophagia in children. The clay eating habit increased 

the prevalence of dental caries by 69% in children who had habit of clay eating in 

comparison to normal and healthy children, significantly (p=0.01).

 

6.3 Analytical Discussion 
 

 

Early childhood dental caries is the rampant and microbial disease affecting primary dentition of 

children in the preschool age. The study reported prevalence of 11.6% early childhood dental 

caries in children in preschool age group in city, Fazilka in Punjab. In previous studies (Tandon 

and Sethi 1996; Tyagi 2008), higher prevalence 19% of dental caries in children was reported in 

Udupi and Davangere in south India. Further, previous study (Dini et al. 2000) reported still 

higher prevalence 42% of dental caries in the preschool children. 
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Early childhood dental caries is the microbial disorder of teeth and is dependent on dietary 

habits, oral hygiene habits, abnormal eating behavior, socio-economic status, education, and 

motivation to oral hygiene. Its prevalence is variable. Accordingly to authors (Priyadarshini et al. 

2011), the prevalence of early childhood dental caries is largely unpredictable worldwide that 

varies between the lowest prevalence (2.1%) in Sweden to the highest prevalence (85.5%) in 

rural regions in the China. 

 
Present study has reported the highest prevalence (17.8%) of dental caries in slum children, 

while its prevalence (7.5%) is the lowest in school children. The prevalence ECC is dependent 

on multiple factors. The studies (Mouradian et al. 2009;Jigjid et al. 2009) confirmed the 

reciprocal relation of prevalence of dental caries with the income group. 

 
In the present study, highly significant (p=0.01) association between strata and prevalence of 

dental caries in children was observed. The higher prevalence of ECC is closely linked to 

infection, diseases, and nutritional status of children. Present study describes significant higher 

prevalence of dental caries in children who were anemic in comparison to those who were 

healthy. In the previous study (Clarke et al. 2006), it was reported that serum ferritin level, iron 

deficiency and iron deficiency anemia were strongly correlation with the prevalence of early 

childhood dental caries in children. 

 
These studies strongly augment the comorbidity of early childhood dental caries with the 

nutritional anemia and are associated with other health problems. Present study posited high 

prevalence of dental caries in children who had habit of geophagia. The previous study (Adani et 

al. 2014) supplemented the association of geophagia with occurrence of dental caries in the 

preschool aged children. Further, the study confirmed the harmful effects of geophagia on the 

dentition of children as attrition, and dental caries. 
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The early childhood dental caries lead to toothache, gum infection, and decreased inclination to 

food intake. The present study describes high comorbidity of dental caries in children those 

suffered from wasting. The acute malnourishment results into lethargy, weakness, slow cognitive 

development and poor motivation to oral hygiene habits. Therefore, malnourished children are 

prone to early childhood dental caries, angular Cheilitis, and candidiasis of oral cavity. 

 
The under-weight is the chronic deprivation of calories or protein rich diet. In the present study, 

the prevalence of dental caries is 55% higher in children who are under-weight in comparison to 

normal children. In the previous study (Oliveira et al. 2008), the association between dental 

caries and malnutrition had been confirmed. It is posited that tertiary processed foods, and 

beverages are mineral deficient and rich in lipids and carbohydrates. These foods give a sense of 

satiety without providing necessary calories. Further, the dietary substances predispose to dental 

caries. Therefore, children with the habit of taking junk foods, suffer from dental caries and 

malnutrition. 

 
6.4 Conclusion 
 

 

Early childhood dental caries is microbial disease affecting the calcified tissues of the primary 

and permanent dentitions of the preschool children. Present study explored every possible 

outcome between the prevalence of dental caries and the independent factors. The study 

confirmed the predilection of age, sex and strata of children with the prevalence study of dental 

caries together the comorbidity of dental caries with malnutrition, diarrhoea, pallor and the habit 

of geophagia as the independent factors. Early childhood dental caries is the rampant and 

infectious condition of the dentition and is dependent on the dietary habits, oral hygiene habits, 

abnormal eating behavior, socio-economic status, education, and motivation towards oral 

hygiene. Its prevalence is capricious across the globe. 
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The higher prevalence of ECC is closely linked to infection, diseases, and nutritional status of 

children. The present study describes high comorbidity of dental caries in children those suffered 

from wasting. The acute malnourishment results into lethargy, weakness, slow cognitive 

development and poor motivation to oral hygiene habits. Therefore, malnourished children are 

prone to early childhood dental caries, angular Cheilitis, and candidiasis of oral cavity. 

 

The pallor (anemia) depicts a state of nutritional deficiency in the preschool age children. 

The study underlines the high prevalence comorbidity of dental caries in children with 

pallor. The study predicts statistically non-significant linearity between the diarrhoea 

episodes and the prevalence of dental caries in children under age of five years. Both the 

conditions are infectious and are marked with high prevalence owing to poor sanitation, 

poor oral and general hygiene, feco-oral infection, nutritional deficiency and awareness 

and motivation towards general and oral health. 
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CHAPTER 7 

 

CONCEPT OF NUTRITION  
 
 

 

Contribution to Knowledge 
 

 

KEY POINTS 
 

 The study contributed to a chapter related to  nutrition in the textbook, titled


―Comprehensive Biochemistry for Dentistry: Textbook for Dental Students‖.  

 
 Nutrition is the biological activity concerning intake of food proportionate to the 

dietary need of the living organism.

 
 Food is the edible which is either consumed or intended for the consumption of humans 

either cooked or partly cooked or raw, excluding the oral administration of drugs.

 
 Calorific value of food is the quantity of energy produced by complete burning of 1g 

of food stuff in oxygen. It is measured as caloric value.

 
 Respiratory Quotient of Food is the ratio between the volume of carbon dioxide 

production to the volume of oxygen consumption during total burning of food stuff.

 
 Basal metabolic rate is the minimum amount of energy essential for maintaining 

the functions of body in rest condition during the post-absorptive period.

 
 Specific dynamic action is the extra heat production that is higher than the 

measured calories after the metabolism of a give type of food in body.

 
 Balanced diet comprises proportionate quantity of foods from selected from the food 

groups necessary for the dietary demands of the body.
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 Basic food groups provide macronutrients and micronutrients. Each food group serves 

specific function. In 1943, United States Department of Agriculture started a guide for 

healthy nutrition. USDA initiated 7 Basic Food Groups for good health.

 
 Protein energy malnutrition (PEM) is the malnutrition associated with 

insufficient consumption of calories of proteins in diet.
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CHAPTER 8 

 

STUDY TO ASSESS AGE PREDILECTION OF MALNUTRITION IN PRE-

SCHOOL CHILDREN 

 

 

8.1 Literature Review 
 

 

Nutritional status of preschool children is intensively associated with the age as demographic 

factors. The preschool age is the development stage of children wherein the adequate nutrition is 

essential for the growth and development of children. The deficiency in the nutrition, minerals 

and calories in the formative period is detrimental to the growth of children and deviated growth 

pattern has prolonged effect on the physical and mental efficiencies of the adolescents. 

 

The malnutrition is the sequela of the food scarcity, hunger, poverty, and impending disease. 

According to a report by (World Bank 2012), about 1.3 billion population of the world is 

surviving in poverty. The improper sanitation, poor hygiene, and impure potable water are the 

growing concern in the developing countries. The infection like diarrhoea is the leading factor in 

the high mortality and morbidity in children below age of five years and according to a report 

(Kosek et al. 2003), children below five suffer from three diarrheal episodes in an year in 

developing nations. The poverty is linked to poor environmental conditions which in turn are 

responsible for the gastrointestinal infection in preschool children. The diarrhoea in latter period 

of life manifests as weakened growth and development of children. 

 

Stunting is the chronic malnutrition and is described as deficiency in height for age in 

comparison to the median of the reference healthy population of the children. It is the deficit in 

linear growth of the child and is measured as child‘s height for age less than (-2) SD of the 
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median of the reference healthy children population. It is prevalent in 165 million child 

population across the globe in 2011 (Black et al. 2013). 

 

8.2 Contribution to Knowledge 
 

 

KEY POINTS 
 

 

 Present study contributed to age dependent malnutrition in the children in the Fazilka city  

in Punjab.


 In the present study, higher prevalence of dental caries in >3y to <5 years age group in  

children was reported.


 The study described signifcant higher prevalence of pallor in the children in >3y to <5  

age group.
 

 The study described more than twice the higher prevalence in 2 to 3 years age group 

in comparison to >3 to <5years age group in children.
 

8.3 Analytical Discussion 
 

 

The higher occurrence of stunting in younger age group in comparison to older age group 

dependes on period of weaning, complimentary food, environmental factors, food availability, 

and safe drinking water. 

 
The present study showed the 28.6% stunting in preschool age children in Fazilka city in Punjab, 

India. In the earlier study, 26.7% stunting was reported by (De Onis et al. 2011). In previous 

study in Sri Lanka, the occurrence of 15% stunting was reported by (Thamilini et al. 2015). 

 

8.4 Conclusion 
 

 

Malnutrition is the age associated nutritional disorder in the children. It is characterized by 

pallor, stunting, dental caries and diarrhoea. These diseases impair the normal growth and 

development in children. The timely screening is essential for the eradication of malnutrition in 

children. 
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CHAPTER 9 

 

HISTORY, EPIDEMIOLOGY AND ETIOLOGY OF GEOPHAGIA  
 
 

 

9.1 Literature Review 
 

 

Geophagia is the abnormal behavior of eating that is reported in the pregnant women, preschool 

children, and mentally challenged persons and the habit is rarely reported in adult persons. 

Remarkably, this habit has been described by various authors from the ancient period to modern 

age that provide proof for the global prevalence of geophagia. The geophagia has been marked as 

the abnormal habit in response to factors as starvation, poverty, culture, and psychiatric disorder. 

 

The universality of geophagia was reported by authors (Ngole et al. 2010) in the study. 

Geophagia was reported the African continent as Tanzania, South Africa, Zimbabwe, Nigeria, 

Cameroon, Swaziland and Uganda (Abrahams and Parsons 1997; Vermeer 1966;Hunter 1973). 

It was also reported in the literature in the China, India and Thailand (Aufreiter et al. 1997; 

Gupta 2015) and in the Americas (Hunter 1973). 

 

Author (Barker 2005) reported around 25% prevalence of geophagia in preschool children, 

20% prevalence of geophagia (Barker 2005) in pregnant women and 10% prevalence of pica in 

disabled persons in the world. Author (Ngozi 2008) described the highest prevalence of 

geophagia in the African countries. 

 

9.2 Contribution to Knowledge 
 

 

KEY POINTS 
 

 

 The present study contributed to description of wide discussion related to concept of 

geophagia and pica in humans. The study described various definitions of geophagia
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and pica prevalent since the ancient period of human civilization. The study provided a 

 

conceptual frame work and critical review of the concept of geophagia. 

 

 Present study provided the exhaustive details concerning the history of geophagia since 

the prehistoric time period. The evidences regarding the practice of geophagia and the 

comments about the pica and geophagia provided by thinkers in the ancient, medieval 

and modern periods had been provided in the present study.

 
 The study posited the worldwide and sub-continental distribution of geophagia in the 

humans with the evidences. The study prominently described the epidemiology of 

geophagia in humans. The explanation about the prevalence of geophagia in Asia, 

Africa, and America had been made for the comparative analysis. The study also 

reported the occurrence of geophagia based on the predilection of age, gender, and 

pregnancy.



 The study provided predilection of geophagia with the culture, race and ethnicity 

 
 The present study is unique in disposing the widely prevalent hypotheses about the 

etiology of geophagia in the humans. The study described widely the etiology and 

probable pathogenesis of geophagia based on the permeating hypotheses.

 
 The study posited the extensive discussion about the role of micronutrient deficiency, 

hunger, psychological stress, culture, protection/adaptive and psychiatric disorders in the 

pathogenesis of geophagia in the humans. For the sake of clarity, the study reported 

descriptive and clinical evidences for the explanation of above said causes of geophagia.

 

9.3 Analytical Discussion 
 

 

Micronutrients are essential for the normal growth and development of the living organisms 

(UNICEF 2017; USDA 2017). The micronutrients that are essential in a daily dose of less than 
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100 mg are called as trace minerals and others are termed as essential minerals (Gernand et al 

2016). Insufficient intake of micronutrients is the leading cause of hidden hunger in organisms. It 

stimulates the physiological need for minerals. The intense urge for minerals is the cause for the 

aberrant eating behavior in preschool children, and pregnant women. These individuals consume 

clay, chalk or other non-food substances to fulfill the urge for the minerals. Subsequently, 

deficiency of minerals in the body sets the intense physiological drive that is posited as the 

main functional drive for habit of geophagia in preschool children and pregnant women 

 
(Castro & Boyd-Orr, 1952). It was observed that child to parent relationship is the guiding factor 

in the eating behavior in children. The distorted parent-child relationship is the cause of 

psychological stress in children and habit of geophagia. The hunger is another drive for the cause 

of geophagia in individuals. The poverty and hunger are the strong drive for eating of non-food 

substances as grass, soil, clay in the presence of food crisis and feminine. Pica is more common 

in those regions which are inflicted with poverty and hunger (Hawass et al. 1987). 

 

The probable postulates can be as follows: 
 




Eating of non-food substances in the presence of food crisis



 




Practice of geophagia and pica to achieve satiety




Geophagia owing to hunger is dropped after the availability of food improves



In state of food crisis, either food or non-food items are the sources of satiety


 

Authors ( Paul et al. 2015) described the culture as a social trait that determines the habits, and 

practices which becomes essential part of mutual interaction in the society for the prolonged 

period. The habit of geophagia in selected regions of the world exists today as an asset of culture. 

It is strongly engraved in the roots of culture. Culture bound practice of geophagia is linked to 

intense and essential eating of kaolin and clay that could be purchased from the market. The 
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culture based geophagia involves around the assumption that geophagia materials potentially 

adsorb toxins from the microbes and plants in the lumen of gut. This property of materials like 

kaolin, clay and starch is beneficial in combating the harmful effects of toxins for the humans. 

Accordingly, geophagia possesses the property of detoxification. It is an adaptive behavior 

among humans. This behavior is practiced in the families, communities and tribes that is 

inherited to next generation. 

 
Pica could be linked with psychiatric disorders namely OCD, anxiety, and developmental 

disability (Danford et al 1982). It is posited that intense craving for the non-food items is similar 

to the addiction to alcohol and opium where intake of prohibited substances is linked with 

achieving euphoria and a sense of comfort (Edwards et al 1994). 

 
9.4 Conclusion 
 

The habit of geophagia is worldwide and is attributed to multiple factors. The evidence based 

approach is required to manage the prehistoric health hazard. 
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PART 3 
 
 
 
 

 

SUMMARY 
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INTRODUCTION (SUMMARY)  
 

 

 Nutritional status embodies the health of an individual which is regulated bythe


 intake and utilization of nutrients by the individual. Nutritional assessment provides 

diagnostic tools in the hands of clinicians and dieticians towards understanding human 

health and diseases. It exhibits potential prognostic capability in predicting survival,



 mortality, and morbidity.



 The assessment of nutritional status envisages multiple steps. The fundamental stepin



 nutritional assessment is the anthropometric parameters involving the measurement of 

baseline height and weight of the individual. The biochemical parameters include the 

measurement of serum albumin, serum globulin serum total proteins, RBC count, 

hemoglobin concentration, estimation of plasma minerals concentration, estimation of 

plasma vitamins concentrations, plasma total iron binding capacity, plasma iron 

concentration, lipid profile, renal function tests and liver function tests to predict the


 health status and nutritional deficiency disorders.



 The clinical assessment of nutritional status comprises the detailed medical history,



 general physical examination, history of episodes of diarrhoea, history of medication, 

history of administration of nutritional supplements, history of acute upper respiratory 

tract infections, history of habit of clay eating and the history of oro-dental manifestations



 in order to delineate the clinical signs of malnutrition.



 The  dietary  dimension  of  nutritional  assessment  comprises  daily  requirementof



 nutrients, intake of adequate quantity and quality of macro as well as micronutrients, 

history of food allergy, and intolerance to specific foods that essentially help understand 

the dietary needs and diseased state of the body of individual and further imparts
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significant knowledge in selection of foods from food groups and planning of balanced 

diet that cater to the needs of the individual. Nutritional assessment is the grey area for 

the researchers. It is advisable to prepare and propagate the national nutritional 

assessment protocol that should be merged with routine laboratory tests. The 

impaired nutritional status connotes malnutrition. 

 The principal cause of malnutrition is based upon the aberrant dietary pattern of


 the individual leading to either intake of large quantity of foods exceeding the 

recommended dietary allowance, or consumption of high amount of carbohydrate 

enriched and fatty foods (Overnutrition), or intake of inadequate quantity and poor 

quality foods which are deficient of macro and micronutrients (Undernutrition). 

Preschool children are best described by academicians and scientists as an age range 

between 2 years to below 5 years of age. During the preschool age, a child is trained for 

pre-literary skills like use of educational toys, story books, and comic books. In the


 preschool age, the child is exposed to social interactions.

 



 

The prospective, observational, descriptive, and cross-sectional (single point in time)


 

 research design was approved for the present study. The Fazilka city is located at Indo-

Pak border in Punjab in India. The random, two-stage cluster sampling method was 

approved for the study. A sample size of 440 participants (children between age group of 

two years to below age of five years) that were ascertained by the inclusion and exclusion

 

criteria. 
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CHAPTER 1 (SUMMARY)  
 

 The study contributed to new knowledge exposing the trends in society towards the


 interest of parents to the schooling of male children and female children (gender 

disparity). The present study contributed to newer facts concerning literacy rate in society


 and awareness of parents to schooling of their children.



 Present study provided newer facts about the age groups of children in which the



 prevalence of stunting (chronic malnutrition) was comparatively higher. The 

present study depicted that prevalence of stunting was almost 47.5% higher in lower



 age group (2-3 years) in comparison to higher age group (>3-<5).



 Present study contributed to newer dimensions about the gender predilection towards 

stunting. The study provided the new fact that prevalence of stunting in girls was 1.68 

times higher than the prevalence of stunting in boys. The present study contributed to 

newer fact that the prevalence of stunting was nearly 58%higher in slum dwelling 

children in comparison to prevalence of stunting in children admitted to schools, while 

the prevalence of stunting was 17% higher in children in child care centers in comparison 

to children in the schools. 

 

 Present study contributed to prevalence of nearly 26% pallor (anemia) in between 2 years 

to below 5 years of age group of children. The newer fact about the comorbidity of pallor 

and stunting were reported in the present study. Present study contributed to newer fact 

concerning the prevalence of geophagia in children and it‘s associated with stunting.

 
 Present study contributed to knowledge concerning the occurrence of diarrhoea and 

prevalence of stunting in children in age group between 2 years to below 5 years of age.
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Present study contributed to newer fact that comorbidity of diarrhoea and stunting in 

children is 50% higher than stunting alone in children. 

 

 Present study provided knowledge about the correlation between family income and 

prevalence of stunting in children. Present study contributed newer fact about the 

association between illiteracy of parents and prevalence of stunting in children.

 

CHAPTER 2 (SUMMARY)  
 
 

 

 The preschool children are easily affected with the nutritional deficiency and suffer 

from nutritional anemia. An innovative dimension through illustration of non-

nutritional factors in the pathogenesis of anemia in preschool children is put 

forward. The unique feature of the present study is the comprehensive explanation 

of the non-nutritional factors namely endemic malaria, helminthic infestation, 

tuberculosis, diarrhoea, deficiency of vitamin A and elements like zinc, copper and 

selenium in the diet that are likewise accountable for the pathogenesis of nutritional 

anemia in preschool children. Furthermore, malnutrition separately derails the 

metabolism of child body and it is incriminated in the high prevalence of comorbidity of 

anemia and wasting in children under age of five years. Undernutrition equally 

predisposes to recurrent infections, anemia and stunted growth and development in 

children.

 
 The present study contributed to newer facts regarding extensive work about the 

physiological role of iron in infancy, childhood, adolescence, pregnancy, adult males and 

women in post-menopausal stage. The study provided newer facts about the availability 

of non-conventional sources of iron that could be beneficial as dietary iron. The
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preparation of food in the iron utensils and pots independent of the size, shape, thickness 

of iron utensils could be a good source of easily absorbable and rapidly bioavailable iron 

that fortify foods. 

 

 The present work explained the hypotheses about the iron deficiency in the 

induction of harmful effects on neurodevelopment. The role of Helicobacter pylori 

in the etiology of gastritis and anemia in children has been provided in the present 

study. The etiology and pathogenesis of severe malarial anemia in preschool children 

is explained. Present study described the role of intercellular adhesion molecule-1 

(ICAM-1) in the cell recognition and malarial parasitic antigen to host cell adhesion. 

The study described the pro-inflammatory function of biomolecules like interferon – γ, 

tumor necrosis factor-alpha, and interleukin-12 in the initial stage of malarial 

infection in children and anemia. It also highlights the role of nitric oxide in malarial 

infection in children.

 
 The study highlights the role of diacyglycerol (DAG) and the Inositol 1,4,5-

trisphosphate (IP3 ) in T lymphocyte proliferation in iron deficiency anemia in


children. Present study contributed to knowledge about the impaired absorption of 

cyanocobalamine in Achlorhydria in children and nutritional anemia. Present study 

contributed to explanation of Nieweg’s hypothesis concerning deficiency of cobalamin 

in children and neurological disorders. Present work contributed to newer dimension in 

the pathogenesis of anemia in children as it explained the role of retinoids in 

erythropoiesis and anemia
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CHAPTER 3 (SUMMARY)  
 

 The  study  provided  regional  data  regarding  the  prevalence of  wasting  and


 diarrhoea in children in the age group between 2 years to below 5 years in the 

city, Fazilka in Punjab, India. The availability of regional data of the prevalence of 

undernutrition in children under age of five is highly limited to metropolitan cities in 

Punjab. The study is unique in delivering useful information about the prevalence of 

wasted children, correlation of wasting with age and sex of children, prevalence of 

diarrhoea in children and significantly the correlation of wasted children with 

episodes of diarrhoea in children under age of five years. Study showed the 

prevalence of 13% wasting and 46% diarrhoea in the children under age of five years 

in the city, Fazilka in Punjab. Present work provided information about the segmental 

prevalence of wasting and diarrhoea in children in schools, child care centers 

(anganwadis) and slums. The prevalence of 11%, 15% and 15% wasting in children 

in schools, anganwadis and slums and prevalence of 37%, 30% and 72% diarrhea in 

wasted children in schools, anganwadis and slums have been reported in present 

study.

 

CHAPTER 4 (SUMMARY)  
 

 The present study contributed to newer knowledge in the field of nutritional


 science, and hematology.


 The study provided information regarding screening of anemia in children under


 age of five years in villages, remote localities and primary healthcare centers 

lacking adequate laboratory facility to assess hemoglobin and other hematological 

parameters to detect anemia.
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 The study provided data regarding utility of clinical sign of pallor in palm, labial


 mucosa, skin, conjunctiva and nail beds in assessing anemia in children under age 

of five years. The study provided valuable information to delineate comorbidity of 

anemia (pallor) with wasting and correlation of anemia with under-weight in 

children under five. The present work contributed to knowledge regarding 

predilection of age to anemia (pallor) in under five aged children

 

CHAPTER 5 (SUMMARY)  
 

 Present study exhibited regional prevalence of geophagia in children below ageof five


 years in the city, Fazilka in Punjab, India. The study is helpful to synchronize the 

present data about prevalence of geophagia with the national data as mentioned in 

the previous studies. Present study provided concrete facts regarding the age-wise 

characterization of geophagia in children below five years of age in Fazilka city in 

Punjab. The study furnished newer dimension regarding comorbidity of geophagia with 

the clinical pallor in children. Present study provided newer dimension about the 

coexistence of geophagia with under-weight and wasting in children below age of 

five.

 

CHAPTER 6 (SUMMARY)  
 

 The study furnished information regarding characterization of early childhood dental


 caries on the basis of strata, age and sex of affected children. on the basis of strata, the 

prevalence 17.8% of dental caries in slum children was significantly (p=0.01)higher in 

comparison to prevalence 7.5% and 15.8% of dental caries in children in schools and 

anganwadis, respectively. Moreover, the difference in the prevalence (12.9%) of dental
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caries in upper age group (>3-<5y) was non-significantly (p=0.27) higher in 

comparison to prevalence (9.5%) of dental caries in lower age group (2-3y). 

 The study provided vital information regarding comorbidity of early childhooddental


 caries with malnutrition in preschool aged children. The study showed higher 

prevalence (34.5%) of dental caries in children suffering from wasting in comparison to 

lower prevalence (8.1%) of dental caries in normal children.

 

CHAPTER 7 (SUMMARY)   




The study contributed to a chapter related to  nutrition in the textbook, titled



 

 ―Comprehensive Biochemistry for Dentistry: Textbook for Dental Students‖.



Nutrition is the biological activity concerning intake of food proportionate to the dietary 

need of the living organism. Food is the edible which is either consumed or intended for 

the consumption of humans either cooked or partly cooked or raw, excluding the oral 

administration of drugs. Calorific value of food is the quantity of energy produced by 




 complete burning of 1g of food stuff in oxygen. It is measured as caloric value. Respiratory 

Quotient of Food is the ratio between the volumes of carbon dioxide production to the 

volume of oxygen consumption during total burning of food stuff. Basal metabolic rate is the 

minimum amount of energy essential for maintaining the functions





 of body in rest condition during the post-absorptive period.



 Specific dynamic action is the extra heat production that is higher than the measured 

calories after the metabolism of a give type of food in body. Balanced diet comprises 

proportionate quantity of foods from selected from the food groups necessary for the 

dietary demands of the body. 
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CHAPTER 8 (SUMMARY)  
 

 Present study contributed to age dependent malnutrition in the children in the Fazilka city


 in Punjab. In the present study, higher prevalence of dental caries in >3y to <5 years 

age group in children was reported. The study described signifcant higher prevalence of 

pallor in the children in >3y to <5 age group.

 

CHAPTER 9 (SUMMARY)  
 

 The present study contributed to description of wide discussion related to concept of


 geophagia and pica in humans. The study described various definitions of geophagia 

and pica prevalent since the ancient period of human civilization. The study provided a 

conceptual frame work and critical review of the concept of geophagia. Present study 

provided the exhaustive details concerning the history of geophagia since the 

prehistoric time period. The evidences regarding the practice of geophagia and the 

comments about the pica and geophagia provided by thinkers in the ancient, medieval 

and modern periods had been provided in the present study. The study posited the 

worldwide and sub-continental distribution of geophagia in the humans with the 

evidences. The study prominently described the epidemiology of geophagia in humans. 

The explanation about the prevalence of geophagia in Asia, Africa, and America had


 been made for the comparative analysis.



 The study provided predilection of geophagia with the culture, race and ethnicity.



 The present study is unique in disposing the widely prevalent hypotheses about 

the etiology of geophagia in the humans. The study described widely the etiology and 

probable pathogenesis of geophagia based on the permeating hypotheses.
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ABSTRACT  
Background : Age of children is the important demographic factor that is involved in 
nutritional status of children. The preschool age of children is the formative period in which 

growth and development of children occur. The deficiency of calories and minerals in the 

preschool age could result in to malnutrition in children.  
Participants and Methods : Present study was comprised of total 440 children which were 
selected through two stage random sampling method. The children between 2 years to below 

5 years were the sampling units. The study was conducted at the city Fazilka in Punjab in 

India.  
Results and Discussion : The study population was comprised of total 440 preschool which 

were categorized into three age groups as 2y to 3y with children (n/N=169/440) representing 
38.4% in schools, other age group between above 3y to 4y with children (n/N=146/440) 

representing 33% in anganwadis and the age group above 4y to below 5 years with children 

(n/N=125/440) representing 28.4%. The stunting in children in 2-3 years age group showed 

2.47 times higher chances than the stunting probability in children above 3 to below 5 years 
age. The Odd ratio between age groups and pallor in preschool children was 

(OR=0.1986/0.4728) = (0.42) at 95%C. I. of (0.260 to 0.628).  
Conclusion : Age of children is significantly associated with stunting, pallor and dental caries 

in children. 
 

Keywords: Stunting, Dental caries, Malnutrition, Nutrition. 
 

1. INTRODUCTION : 
 

The malnutrition is the outcome of the food 
crisis, poverty, hunger, and presence of 

chronic diseases. According to an estimate, 
nearly 1.3 billion world‘s population is living 

in poverty (World bank 2012 [1]). The poor 
sanitation, unhygienic conditions, and use of 

contaminated food and water lead to gastric 
infection in growing children, especially in 
developing nations. It is presumed that a child 

under age of five years suffer from annearly 3 
diarrheal attacks in an year in developing 

countries (Kosek et al. 2003 [2]). Irreversible 
poverty condition is predisposed to poor 

environmental condition that leads to 
diarrhoea in preschool children. The enteric 

infection manifests as improper growth and 
development of children  
Stunting is manifested as deficient height for 

age. It is indicated by deficiency in linear  

 
growth of the body of the child. It is estimated 
as the height for age of the child under (<-2 

standard deviation of the median of the 
reference population. The stunting is the 

outcome of the chronic deficiency in nutrition, 
poor sanitation and occurrence of disease. 

Stunting is the main hindrance in the growth of 
preschool children that is prevalent in 165 

million populations of children worldwide by 
2011 (Black et al. 2013 [3]). Pallor is the 

yellowish discoloration in the nail beds, skin, 
mucosa and conjunctiva in eyes. It is the sign 
of anemia in children. Pallor is a valuable sign 

in screening the anemia in children and 
pregnant women in villages and primary health 

centers where laboratory facility is unavailable 
(Weber et al. 1997 [4]).  
Dental caries in preschool children is the 

microbial disease of the hard tissues of oral 

cavity. It damages the enamel and dentin of  
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teeth and result into cavitation in affected 
teeth.  
The dental caries in children and oral hygiene 

are interrelated with each other and also 

influence the growth and development of 

children (Mohammadi et al. 2012 [5]). 
 

2. RATIONALE : 
 

The information regarding the age predilection 

of malnutrition among the preschool children 

in Fazilka city in state of Punjab in India 

formed the basis of the execution of the 

present study 
 

B OBJECTIVES : 
 

To assess age predilection with stunting 

in preschool children in Fazilka city in 

 India.


To assess age predilection with wasting 
in preschool children in Fazilka city in 

 India.


To assess age predilection with pallor in 
preschool children in Fazilka city in 

India


To assess age predilection with 

diarrhoea in preschool children in 

 Fazilka city in India


To assess age predilection with dental  
caries in preschool children in Fazilka 

 city in India


C PARTICIPANTS AND METHODS : 
 

Research design :  
Prospective, descriptive, observational and 

cross-sectional research design was adopted 
for study. 

Sampling design : 

Study area  
Study was executed in city Fazilka in Punjab 
state in India. This city is located at Indo-Pak 
border in state of Punjab in India. According 

to Census of India, 2011, the city has a 
population of 67,424, comprised of 52% males 
and 48% females. The 13% population of the 
city is made up of children below 6 years of 
age.  
Sample frame and sampling unit  
The total preschool children in between 2 
years and below 5 years of age residing 

Fazilka city formed the sampling frame of 
study and the preschool children were the 
sampling units.  
Sample selection criteria :  
Inclusion criteria  

 

Children in between 2 years and under 5 
years of age  

Children who resided in Fazilka city in 
Punjab in India  
 Boys and girls were selected for study 

Children who participated in the physical 

examinationandanthropometric 
measurement.  

Exclusion criteria  
Children who were below 2 years and 
above 5 years of age, were excluded. 
Children who were ill at the time of 
examination were excluded  

Children who were crying at the time of 
examination were excluded from the study.  

Sampling methods :  
Random, two-stage cluster sampling 
method was used.  
Data collection design 

Type of data  

 Primary data for the study was 

collected. Data collection instrument Interview 

schedules were employed for keeping record 

of the demographic, anthropometric and 
clinical data of the participants. 
 

Data collection technique  
Direct observation and face to face 

interview were conducted to assess physical  
characteristics, demographic 
characteristics, and frequency of diarrhoea 
episodes.  

 Inspection method: Pallor was 

assessed by examination of nail beds 

 Anthropometric estimation  
Height of participant was assessed by 

the vertical wooden height board. The 
children were asked to stand straight on 
the wooden board. Height was measured 
in centimeter units.  

Weight was measured by a digital 

weighing scale. The children were 
helped to stand on the scale barefooted 
with wearing light clothes. The weights 

of children were recorded in kilogram 
units.  

Cut offs  
The standard deviation (<-2SD) was 

implied as cutoff point for defining 
stunting, underweight and wasting as 

recommended by the WHO.  
Ethical approval :  
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Approval was obtained from the head of 
institution to conduct the present study. 
Consent :  
Objectives of the study were communicated to  
the teachers and parents in the schools, 

anganwadis and slums areas. Oral consent was 
obtained. 

Statistical design : 

Descriptive analysis  
Data points were put into tables. 

The study variables were interpreted in  
percentage (n%), frequency (n/N), and 

prevalence modes. 

Correlation analysis  
Odds ratio was calculated with 95% 
confidence interval.  
Testing of hypothesis was performed by Chi-

square test for independence. 
 

5. RESULTS : 
 

Demographic characteristics  
The study population was comprised of total 

 preschool which were categorized into 

three age groups as 2y to 3y with children 
(n/N=169/440) representing 38.4% in schools, 
other age group between above 3y to 4y with 

children (n/N=146/440) representing 33% in 
anganwadis and the age group above 4y to 

below 5 years with children (n/N=125/440) 
representing 28.4% in slums, as in Table 1. 

 

Table1: Age-wise Distribution of Participants 

Demographic Percentage  Frequency 

Characteristics (n%)  (n/N) 

    

2y to 3y 38.4%  169/440 
    

>3y to 4y 33%  146/440 
    

>4y to <5y 28.4%  125/440 
     
 

The study group was made up of total 440 

children that were in between two years and 

under five years of age. The children (n=240), 

(n=127) and (n=73) out of total 440 were taken 

from schools, anganwadis and slums, 

respectively, as in Table 1. The proportion of 

children was 54.5%, 28.9%, and 16.6% in 

schools, anganwadis and slums, respectively, 

as in Table 2.  

 
 

Table 2 : Strata-wise  Distribution of  

Participants      
Demographic  Percentage  Frequency  

Characteristics  (n%)  (n/N)  
      

Schools  54.5%  240/440  
      

Anganwadis  28.9%  127/440  
      

Slums  16.6%  73/440  
       
 

Age predilection and 

stunting Descriptive analysis  
The study revealed 40% prevalence of stunting 
in children in age group between 2y to 3y that 
comprised of (n=68/169) children as in Table  

Another prevalence 21% of stunting was 
found in children in age group between more 
than 3 to below 5 years that was comprised of 
(n=58/271) children as in Table 3.  
The study revealed overall stunting prevalence 
of 28.6% that was comprised of children 

(n=126/440) between 2 years and under 5 
years of age. Furthermore, the prevalence of 
stunting was higher as (40)% in age group of 
children between 2-3 years and the prevalence 

of stunting was lower as (21%) in age group of 
children between ( >3-<5) years.  
Correlation analysis  
The children in age group (2-3 years) showed 
odds for stunting in children as (Odds=0.67), 
while the odds in age group between (>3-<5 

years) was (odds=0.27) for stunting in children 
as in table 4. The odds ratio between the two 
age groups (age group 2-3 years/ age group 
(>3-<5 years) was (OR=2.47) at 95% C.I. with 

range in between 1.58 to 3.86as in Table 4.  
The stunting in children in 2-3 years age group 
showed 2.47 times higher chances than the 
stunting probability in children above 3 to 

below 5 years age.  
Inferential analysis  
Inferential analysis was done by Chi-square 

test of independence. In the present study, test 

statistics as (χ²=18.07) at degree of freedom=1 

was higher than the critical value (χ²=3.84) at 

df=1) as in Table 4. At implied (p<0.05) value, 

the alternate hypothesis was accepted at 5% 

significance level.  
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Table 3 : Age predilection and Stunting in 

Preschool children  
Characteristics Children (2-3  Children 

 year)  (>3-<5 
 (n=169)  year) 

   (n=271) 

    

Stunted 68/169  58/271 

children (40%)  (21%) 

    
Normal 101/169  213/271 

children (60%)  (79%)  
 

Age predilection and Pallor in Preschool  
children  
Descriptive analysis  
In the present study, descriptive analysis 
provided 26% prevalence of pallor in 
preschool children. Further analysis yielded  

5% prevalence of pallor in the children 

(28/169) and 32% prevalence of pallor in 
children (87/271) in the age categories (2y-3y) 
and (>3y - <5y), respectively, as in table 4.  
Correlation analysis  
The correlation analysis between age groups 
and pallor was performed by calculation of 
Odd ratio with95%C.I. The Odd ratio between 
age groups and pallor in preschool children 
was (OR=0.1986/0.4728) = (0.42) at 95%C. I. 
of (0.260to 0.628). The probability of pallor in 
children in 2y to 3y age group was 58% less in 
comparison to probability of pallor in children 
in age >3y to <5y.  
Inferential analysis :  

The Odd ratio was confirmed by Chi square 
test for independence that yielded a value (χ²= 

1 atdf=1) at significance level (p=0.0003).  
It was compared with the table value (χ²=3.84, at 

df=1) at significance level of 5% as in Table 
Therefore, the alternate hypothesis was  

accepted at 55 significance level. 
 

Table 4 : Age predilection and Pallor in 

Preschool children  
Characteristics Percentage  Percentage 

  of Pallor in  of Normal 

  children  children 

2years to 3years 28/169  141/169 
  (16.5%)  (83.4%) 

>3years to 87/271  184/271 

<5years  (32%)  (68%)  

 

Age predilection and Dental caries in  
Preschool children  
Descriptive analysis  
It provided as 11.2% prevalence of dental 

caries in preschool children in present study. 
Further, analysis yielded a segmental 
prevalence of 9.5% in age group between 2y to 
3y and prevalence of 12.9% of dental caries in 

children in age group between >3y to <5 years 
in fazilka city.  
Correlation analysis  
The Odds ratio between the two age groups 
was calculated as (OR=0.705) at 95% CI in 
between (0.377 to 1.318) at 5% significance 
level.  
Inferential analysis  
The inferential analysis was conducted by Chi 

square test of Independence. Its value was 

(χ²=1.207 at df=1) with value (p=0.27) and it 

was compared with the test statistics. The 

alternate hypothesis was rejected at 5% level 

of significance. 
 

Table 5 : Age predilection and Dental caries 

in Preschool children  

Characteristcis 2y to 3y  >3y to <5y  

Dental caries 16/169  35/271  

frequency      

Dental caries 9.5%  12.9%  

percentage      
 
6. DISCUSSION : 

 
In the present study, prevalence of 28.6% of 
stunting in preschool children is mentioned in 
the city Fazilka in Punjab, India. In the 
previous study, prevalence of 26.7% of 

stunting was described by (De Onis et al. 2011 
[6]). In another previous work in Sri Lanka, 
the prevalence of 15% stunting was described 
by (Thamilini et al. 2015 [7]).  
The prevalence of stunting in younger age 
group is more marked than the stunting in 
older age group. It is caused by multiple 
factors as weaning, food availability, 

environmental factors, and clean drinking 
water.  
In present study, higher prevalence of dental 

caries is described in older age group of 

children. Dental caries is a disease of poor oral 

hygiene. The age related higher prevalence of 

dental caries in older age is non-significant in 

the present study. In previous study, 

(Priyadarshini et al. 2011 [8]) described higher  
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prevalence of dental caries in older age group 
of children.  
Pallor is the clinical sign of anemia in 
children. In the present study, the prevalence 
of pallor was lesser significantly in 
comparison to prevalence of pallor in older 

age group of children. In the previous study, 
authors (Getaneh et al. 2000 [9]), contradicted 
the findings in the present study, wherein, the 
prevalence of pallor was higher in the younger 

age of children. The explanation of higher 
prevalence of pallor in the older age in 
children in the present study is the tendency of 
eating junk foods among the old aged children. 

They eat processed foods that are devoid of 
nutrition and minerals especially iron and rich 
in trans-fats. The children in the older age 
group are more habitual of eating these food 

items. These foods lead to obesity and iron 
deficit anemia in children.  
Pallor is the manifestation of iron deficiency 

anemia in children. It is detrimental to the 
health of children. it impedes the physical 

growth and cognitive development in the 

children in preschool age whose effect persists 

in the later periods of life. There should be 

composite input by the clinicians and health 

workers in the screening of anemia among 

children and the remedial steps should be 

taken to improve the diet of children to 

eradicate anemia in the children. 
 

7. CONCLUSION : 
 

Malnutrition in the children is associated with 

the age of children. The manifestations as 

stunting, pallor, diarrhoea, and dental caries 

are age related clinical manifestations among 

the children. These disorders negatively affect 

the health of children. The effective screening 

and corrective measures are necessary to 

improve the nutritional status of preschool 

children. 
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Preface 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Nutritional anemia is a major public health hazard with global prevalence 

affecting children in preschool age and women during pregnancy and lactation. 

Population in rural areas, slums and remote settings have higher predisposition to 

deficiency of iron, folic acid and macronutrients and infection owing to illiteracy, 

poverty, limited access to medical facility, poor hygiene, improper sanitation and 

lack of motivation. In a report by WHO in 1980, it was estimated that about 700 

million population, globally, suffered from anemia. Moreover, around 50 % of the 

anemia prevalence was attributed to iron deficiency. However, the prevalence of 

nutritional anemia is variable all over the world due to wide variations in dietary 

pattern, literacy rate, socioeconomic status, medical facility and environmental 

conditions. Developing countries have higher vulnerability towards anemia. 

Millennium Development Goals were laid against worldwide poverty and hunger, 

HIV infection, malaria and child mortality and in favour to achieve gender 

equality, universal primary educa-tion and environmental sustainability.  
Despite the large accomplishments pertaining to worldwide targets set forth, 

however, a big proportion of the population in distant regions and the proportion who 

suffered discrimination owing to gender disparity, geographical location and ethnicity 

have still to be benefitted. Achievements have been skewed throughout the world. 

According to the Millennium Development Goals report of 2015, about 800 million 

population today survive in utmost poverty and severe inadequacy of food. Around 160 

million children below the age of 5 years suffer from stunted growth due to insufficient 

food intake. Diarrhoea and malaria in children under 5 years inflict a high disease 

burden responsible for high child mortality and morbidity. Still, another 2.4 billion 

population do not have access to proper sanitation, and a large segment of population 

still defecates in the open. The developing world har-bours around 880 million 

population living in highly pitiable state in slum areas.  
A huge population is struggling for survival on the thinnest and unpalatable 

sources of food per day in the deserted and isolated areas, where it must face 

extreme hot and cold weather. This section of human community is living in 

highly deplor-able conditions without even knowing the Millennium Development 

Goals set forth for its betterment. 
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viii Preface 

 

I feel immense pleasure and exhilaration on the completion of the book 

Nutritional Anemia in Preschool Children. Submissively, I would admit that 

exten-sive and intensive approaches have been practised for writing the book. It is 

designed to furnish valuable minute details relevant to the topic. It incorporates a 

concise text on the introduction and epidemiology of nutritional anemia in 

preschool children. Dietary iron deficiency is inflicting the poverty-stricken 

population in developing countries. An exhaustive information has been provided 

over the role of iron in the body, iron metabolism and the aetiology of iron 

deficiency anemia in children. Implications of geophagy, Plasmodium falciparum 

infection and HIV infection have been broadly discussed pertaining to their 

involvement in the pathogenesis of anemia.  
Chapters focusing on laboratory methods for the screening of haemoglobin; 

role of vitamin B12 and folic acid, copper, zinc and selenium; and impact of 

vitamin A illustrate fine details of the subject. Remote predisposing factors such as 
diarrhoea, malnutrition and the effect of cow milk on the occurrence of anemia in 
children have been incorporated in the book.  

The present book is the result of my knowledge gained through postdoctoral 

research on the nutritional status of children between 2 years and under 5 years of 

age. I hope the book will be helpful in the dissemination of facts, ideas, concepts 

and knowledge among academicians, research scholars and students. Efforts are 

taken to provide an error-free book; however, I welcome any criticism, comment 

or suggestion for the improvement of the forthcoming edition of the book. 

 
Kotputli, Rajasthan, India\  
15 August 2016 

 
Anil Gupta 
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Chapter 1 

Introduction 
 
 
 
 
 
 

 
Abstract Anemia is characterized by a decline in the concentration of haemoglo-bin 

below a reference. Nutritional anemia is a type of anemia which becomes appar-ent 

owing to inadequate intake of minerals in diet. Deficiency of iron, vitamin B12 and 

folic acid is rampant in the daily diet leading to manifestation of nutritional anemia, 

especially in children. Iron deficiency and iron deficiency anemia are the major 

concerns worldwide, pertaining to the health of children. It may either stem from poor 

intestinal absorption of iron necessary to supplement increased iron demand in the 

body during periods of active growth, and/or chronic loss of iron from the body may 

eventually result into iron deficiency. Iron deficiency anemia is integrated with high 

burden of diseases which are responsible for high morbidity and mortality in growing 

children especially in developing countries.  
Non-nutritional factors like helminthic infestation, malaria, tuberculosis and 

diarrhoea affecting the children are equally responsible for nutritional anemia. 

Other than nutritional factors and infection, malnutrition influences the body 

metab-olism and is involved in the high mortality among children under 5 years of 

age in developing countries. Malnutrition is responsible for anemia and recurrent 

infec-tions in growing children. The number of population inflicted with iron 

deficiency is so large that it can be declared as global health hazard. 
 
 
 

1.1 Definition 

 

Nutritional anemia is a global health hazard affecting children in infancy, early 

childhood and adolescence period along with its dreaded impact on the health of 

women during pregnancy and lactation. Generally, nutritional anemia is the conse- 

quence of inadequate micronutrients in diet. Deficiency of iron, vitamin B12 and 

folic acid in food is mainly responsible for nutritional anemia in children. 
Nevertheless, the role of trace minerals like selenium, zinc and copper in the cause 
of nutritional anemia has been studied extensively in the past by researchers. 
Nowadays, it is well established that trace minerals influence the erythropoiesis 
and have been instituted as additional factors in the aetiology of nutritional anemia 
in children.  

Anemia is a clinical condition that signifies a decline in the concentration of 
haemoglobin below a predetermined value. Its value swerves with age and gender; 
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2 1 Introduction 

 

hence, a cut-off value is established pertaining to age group and gender of the indi-
vidual (WHO 2001).  

According to a WHO (1968), Rodak (2007) and Beutler and Waalen (2006), cut-- 

off value for the haemoglobin was determined which is used to compare the haemo-

globin level of a patient and coin a diagnosis for anemia and is profoundly important 

for screening of anemia in children. Hb is <11 g/100 ml in 6 months to 6 years age 

group, <12 g/100 ml in 6 years to 14 years age group, <13 g/100 ml in adult male, <12 

g/100 ml in nonpregnant adult female and <11 g/100 ml in pregnant women.  
Later on DeMeyer et al. (1989) forwarded another classification of anemia 

which was based on a definite value of haemoglobin. Its level in percentage 

determines the severity of anemia.  
Accordingly, Hb concentration above 80% of the definite value is considered as 

mild anemia. Whereas, ChB concentrations in a range between 80 and 60% and less 

than 60% of the definite values are established as moderate and severe anemia.  
Conclusively, mild anemia is associated with haemoglobin level above 10 

g/100 ml but essentially below a definite value. Moreover, moderate and severe 

anemia are related to haemoglobin concentrations in the range 7–10 g/100 ml and 

below 7 g/100 ml, respectively.  
Afterward, the US Agency for International Development (United States 

Agency for International Development 1997) described another category of 

anemia as very severe. It was characterized by haemoglobin concentration below 4 

g/100 ml. According to Murray and Lopez (1966), Hb concentration below 12 

g/100 ml and 11 g/100 ml in developed countries and developing countries, 

respectively, is con-sidered as anemia in children below 5 year of age.  
Iron deficiency and iron deficiency anemia are two main concerns worldwide 

regarding the health of children. Iron deficiency is the state of inadequate iron in the 

body which impedes the normal physiological functioning of body organs. It may 

either stem from poor intestinal absorption of iron necessary to supplement increased 

iron demand in the body during periods of active growth, and/or chronic loss of iron 

from the body may eventually result into iron deficiency. Contrarily, iron depletion 

refers to the state in which body iron store is either completely exhausted or near 

exhaustion; nevertheless, the physiological functioning of body organs is main-tained. 

Functional iron deficiency is a state, wherein, despite the adequate iron store, the iron 

transportation to body tissues is impaired resulting into deranged physio-logical 

functioning of body organs (Bootha and Aukettb 1997).  
Iron deficiency, if persists for a longer period, finally is responsible for a fall in 

Hb concentration in the body and hence is associated with iron deficiency anemia. 

However, ID can also exist in the absence of anemia (WHO and UNICEF 2001). 
 
 
 

1.2 Overview 

 

Iron deficiency anemia is integrated with high disease burden which is responsible 

for high rate of morbidity and mortality in growing children, especially, in 
develop-ing countries. 
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1.2 Overview 3 

 

Iron deficiency is a global public health hazard (Christofides et al. 2005) 

distress-ing (Domellof and Hemell 2002) around 51% and 12% of children below 

age of 4 years in developing and developed countries, ultimately, crippling the 

physical, mental and intellectual health of children in the active growth period. 

According to Dallman (1990), iron deficiency is a clinical condition associated 

with decreased or absence of mobilization of iron from body stores coupled with 

its diminished bio-availability to tissues and the bone marrow for erythropoiesis. 

Author hypothesized three stages of iron deficiency in the body, wherein each 

stage has its own charac-teristics. In the first stage, iron store of the body is 

exhausted. However, iron defi-ciency is not associated with any significant 

abnormality in structure and or functioning of iron-dependent compounds. It is 

followed by a stage of iron defi-ciency without anemia. Biosynthesis of 

haemoglobin is adversely affected due to iron deficiency; nevertheless, the normal 

concentration of Hb, in this stage, remains unaffected, and sign of anemia is 

unseen. Zinc protoporphyrin concentration in RBCs increases (Paszkowska et al. 

1997). The third stage is marked by further dete-rioration of Hb synthesis and is 

manifested by a fall in Hb concentration below a set mark characterized as 

anemia. Morphology of RBCs is affected; thereby, mean cell volume decreases. 
 

Non-nutritional factors like helminthic infestation, malaria, tuberculosis and 
diarrhoea among children are equally responsible for nutritional anemia.  

Infection triggers immune response (Schaible and Kanufmann 2007) in the body 

whose sustenance needs a lot of energy consumption. Any inconsistency in the sup-ply 

of nutrients to growing children, additionally, puts a high burden on the energy balance 

of the body so infection and energy deficiency derange the erythropoiesis together with 

functioning of vital organs of the body which manifests into anemia, poor 

psychomotor skills, wasting, stunting and compromised immunity.  
Malarial fever is the main factor for the high morbidity and mortality according 

to WHO report on malaria. It inflicts around 216 million population (WHO 2011) 
of world and has a high mortality rate (655,000) among African children.  

Anemia is a common consequence of malaria in children. It is noteworthy and 

pitiable that severe anemia, as a secondary cause, is responsible for high death rate of 

malaria-inflicted children. Malaria disturbs the homeostasis of the body of chil-dren 

through its effects on the functioning of body systems including the bone mar-row and 

brain. Later on, authors (Murphy and Bregman 2001) extensively studied the impact of 

malarial burden on children. According to authors, cerebral malaria exerts devastating 

health effects over children under 5 years of age, and the effects were studied by 

authors in African population. Accordingly, around 110,000 chil-dren with malaria 

have high fatality rate per year and die due to the complications secondary to cerebral 

malaria. It was reported by authors that severe anemia as a consequence of malaria 

affects large population of children under 5 years of age.  
Apart from nutritional factors and infection, malnutrition influences the body 

metabolism and is involved in the high mortality among children under 5 years of 

age in developing countries. Malnutrition is responsible for (WHO 2005) anemia 

and recurrent infections in growing children. 
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Anemia is the associated comorbidity with malnutrition and collectively 

impairs the body growth and development, especially, in infancy and early 

childhood period. Anemia and malnutrition exert serious effects on the children 

during the formative years as well as in the adolescent period which may be 

labelled as short-term and long-term harmful effects. Any impairment in the 

growth of children in earlier life continues to have its ill effects in later period of 

life even after the termination of the cause (Pelletier 1994).  
Iron deficiency is the most prevalent form of nutritional disorder affecting 

popu-lation of children in growing phase and women in pregnancy and lactation in 

devel-oping as well as developed countries.  
Number of population inflicted with iron deficiency is so large that it can be 

declared as global health hazard. According to WHO report, iron deficiency exerts 

a high disease burden in the form of malnutrition, impaired growth and develop-

ment and loss of intellectual, psychological, emotional, social and economic life of 

children and individuals (WHO 2016). 
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Chapter 2 

Epidemiology of Nutritional Anemia 
 
 
 
 
 
 

 

Abstract Iron deficiency is a pandemic clinical condition affecting large propor-

tion of population around the world. In India, iron deficiency is the main cause of 

nutritional anemia. The prevalence of anemia in rural children was higher in com-

parison to urban children.  
Iron deficiency anemia is highly prevalent in children in age group from 6 to 24 

months. However, it affects preschool children, pregnant women and old-aged 

persons. Nutritional anemia is a major public health hazard in the developing 

countries. 
 
 
 

2.1 Global Prevalence 

 

Iron deficiency is a worldwide clinical condition affecting (Allen et al. 2006) more 
than two billion population around the world.  

According to Stoltzfus and Dreyfuss (1998), iron deficiency anemia is highly 

prevalent in children in age group from 6 to 24 months. However, it affects pre-

school children, pregnant women and old-aged persons.  
According to WHO (2008) global database, the highest prevalence of anemia 

was observed in preschool children (47.4%), and the least prevalence of anemia 

(12.7%) was seen in adult males during a survey conducted during 1993–2005. As 

shown in a flow chart, schoolchildren suffered from 25.4% prevalence of anemia 

(Fig. 2.1).  
According to WHO (2011) report, prevalence of anemia in children was 42.6%. 

Further, higher than 50% of children in Southeast Asian and African regions suf-

fered from anemia. Moreover, severe anemia affected around 3.6% of children in 

African regions. The WHO report affirmed that the predisposing factors for 

anemia were extremely prevalent in African regions. The commonest were 

malaria, thal-assaemia and sickle cell anemia (Modella and Darlison 2008). 
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Fig. 2.1 Worldwide prevalence of anemia in different groups (Source: WHO 2008) 

 

2.2 Prevalence of Nutritional Anemia in India 

 

The International Institute for Population Sciences and ORC Macro (2000) con-ducted 

a National Family Health Survey during 1998–1999 in India. The survey covered the 

married women in age group between 15 and 49 years and the children below 3 years 

of age. It was a first effort (IIPS and ORC Macro 2000) to assess the anemia in married 

women and children through the estimation of haemoglobin. According to IIPS and 

ORC Macro (2000), around 74.2% of the children suffered from anemia, while 52% of 

women in pregnancy were affected with anemia.  
IIPS and ORC Macro (2000) reported a minor difference in the prevalence of 

anemia in rural and urban children. It was 75% in rural children, whereas urban 

children had 71% of iron deficiency anemia.  
Parental education is necessary for the prevention of anemia in children as well as 

for seeking medical guidance and treatment for the management of iron defi-ciency 

anemia. It was found in the survey (IIPS and ORC Macro 2000) that the prevalence of 

anemia was high (78%) in children of illiterate mothers in comparison to the 

prevalence of anemia (62%) in children belonging to mothers who were edu-cated up 

to high school level. Another research work by authors (Rahman and Chowdhury 

2006; Choi et al. 2011) also confirms the determining role of mother education on the 

health of children. Income and standard of living modulate the dietary habits, hygiene 

and sanitation. These factors, collectively, establish the health of children. In the 

NFHS-2 conducted by IIPS and ORC Macro (2000), it was scrutinized that children of 

low-income families had high prevalence of anemia (79%) in contrast to the children 

of high-income families who had 67% of anemia.  
Nutritional anemia is a major public health hazard in the developing countries. 

In India, iron deficiency is the main cause of nutritional anemia. A report (NFHS-

3, 2005-06) provides valuable data regarding anemia in children under the age of 
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5 years. Accordingly, around 78.9% of the children under 5 years of age during 

2005–2006 were observed to be anaemic. The report further described that the 

prev-alence of anemia in rural children was higher in comparison to urban 

children dur-ing 2005–2006. Anemia prevalence was 72.2% in urban children, 

while it was 80.9% in rural children. Comparison of the reports of NFHS-2 (1998– 

1999) and NFHS-3 (2005–2006) confirmed that prevalence of nutritional anemia 

in under--five aged children has increased during 2005–2006 in India. 
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Chapter 3  

Physiological Contemplation 

of Iron in the Body 
 
 
 
 

 

Abstract Iron has high biological significance owing to its role in wider physio-- 

biochemical activities in the human body. Iron is an essential mineral for human 

and other organisms except for a few microbes. Iron is the structural and functional 

part of haemoglobin, myoglobin, cytochromes, catalase, peroxidase, FAD, NAD, 

ferri-tin, transferrin and porphyrin macromolecules. Term and healthy infants have 

ade-quate body iron store that may be necessary for growth as early as 4–6 months. 

Moreover, exclusive breast-feeding in this period can help to supplement 0.3 mg/L 

of the iron in the body of infants. Iron deficiency in tender age group between 1 

and 3 years is highly injurious to overall health and development of children. It 

may permanently impair psychomotor development in children. Exclusively and 

pro-longed breast-fed infants are more liable to iron deficiency owing to least iron 

con-tent of breast milk and rapid growth of the body and increased iron demand. 
 
 
 

3.1 Overview 

 

Iron element has an atomic number of 26 and atomic weight of 55.847. It is a 

transi-tion metal. It is one of the prime elements of the earth‘s crust and is the 

most copious in its distribution in nature (Bothwell et al. 1979). Iron has high 

biological signifi-cance due to its involvement in diverse physio-biochemical 

activities in the human body. It is the primitive element that has a role in the origin 

of molecules that were essential for the appearance of life and further evolution of 

higher life through its unique redox property (Bothwell 1979).  
Iron is an essential mineral for the human body and many other organisms with 

the exception of a few microbes. This mineral has been extensively investigated in 

relation to its impact on health and diseases (Donovan et al. 2006; Beard 2001; 

Brock et al. 1994).  
Iron is the structural and functional part of haemoglobin, myoglobin, cyto-

chromes, catalase, peroxidase, FAD, NAD, ferritin, transferrin and porphyrins. 
Iron is the gold of life (Mascoti et al. 1995; FAO/WHO 1988). 
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3.2 Average Iron Content in the Human Body 

 

Total body iron has been estimated to be approximately 3.8 g in males and 2.3 g in 
females (Bothwell and Charlton 1981; Kohogo et al. 2008).  

Difference in body iron store in males and females is associated with much 

lesser iron reserve in females and a corresponding low Hb and RBC count in 

female in comparison to male. Iron of the body exists in functional form and in 

storage form. Approximately 75% of the total iron of the human body (about 30– 

40 mg/kg body weight of the iron) is present in functional form, and the remaining 

25% (0–20 mg/ kg) body weight of iron exists in storage form as ferritin and 

haemosiderin, primar-ily, in the liver, muscles, intestinal mucosa, 

reticuloendothelial cells and bone mar-row (Bothwell 1995). 
 
 
 

3.2.1 Infancy 

 

At birth, a baby emerges into an oxygen-rich environment from a comparatively 

hypoxic environment that prevailed in the uterus. Erythropoietin level undergoes 

decline that is the regulator of the RBC synthesis (Burman 1971a, b, 1972; Beal et 

al. 1962).  
Haemoglobin of the infant goes down from a concentration of about 17 g/100 

ml to a concentration of 12 g/100 ml. Decline of Hb is noticeable during initial 1.5 

months of life, and this physiological condition stimulates the release of eryth-

ropoietin. Hence, in the next 2 months, between the second and fourth month, the 

fall in haemoglobin level starts increasing (Dallman 1993; Kotecha 2011; 

Domellof and Hernell 2002).  
The infant continues to grow and the body volume increases. Iron circulates 

from body store to blood circulation. Therefore, full-term, normal weight and 

healthy infant has adequate body iron store that can meet the iron need of baby up 

to the first 4–6 months. Moreover, exclusive breast-feeding during this period can 

help to sup-plement 0.3 mg/L of the iron in the body of the baby (Rao and 

Georgieffa 2006). Human breast milk, though poor in iron (0.2–0.4 mg/L, appx 

0.35 mg/L), is effi-ciently absorbed. It helps to supplement body iron store of the 

breast-fed infant (Prentice 1996; Nagin 2009; Saarinen et al. 1977).  
Other authors (Siimes and Salmenperal Perheenpupa 1984; Meinzen-Derr et al. 

2006; CDC 1998; Lind et al. 2004; Marques et al. 2014) described the low content 

of iron in human breast milk. According to them, it was in the range 0.0 mg/100 

ml–0.09 mg/l00 ml; however, authors posited that the probable reason for this 

characteristic of human breast milk is attributed to its components like lac-toferrin, 

low calcium and phosphate.  
Iron absorption from breast milk is variable and is dependent on the age of 

infant. According to authors (Domellof et al. 2002), regulatory method for 

haemoglobin synthesis is not properly developed in infants. 
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Authors (Saarinem et al. 1977) concluded through a radioisotopic study in 

infants that iron absorption from breast milk is around 49% by breast-fed infants. 

This value is much higher in comparison to iron absorption from cow milk and 

asserted by authors that iron abortion from cow milk is only 10%. Therefore, 

authors sug-gested that full-term infants, who are breast-fed, may not require iron 

supplementa-tion in routine life.  
Human breast milk is a panacea for infant and unanimously regarded as safe 

and essential exclusive breast-feed up to the age of 6 months (AAP 1997; WHA 

2001), although it is low in iron concentration, which is around 0.2–0.4 mg/L 

(AAP 1997; WHA 2001). However, high iron absorption in infants from breast 

milk is possible due to high bioavailability of iron in breast milk. Probably, it is a 

compensatory mechanism of the body for low iron content in human breast milk 

(Saarinem et al. 1977).  
According to the author (Oski 1993), it has been assumed that an infant in age group 

between 4 and 6 months can absorb around 0.12 mg of iron from about three-- fourths 

of a litre of breast milk, provided the infant is exclusively breast-fed. In the infant, 

significant amount of iron during iron turnover is deposited in growing tissue of the 

body (Oski 1993). According to APA (1997), in the age of 6 months, around 0.5 mg 

per day of iron is required for body tissue growth, and another 0.1 mg per day of iron is 

needed for growth of muscles. According to authors, a 6-month-aged infant has iron 

loss around 0.15 mg per day, and it is compensated by daily intake of 0.12 mg of iron 

through iron absorption from breast milk (Domellof and Hernell 2002; WHA 2001). 

According to authors, iron need of infant rises to around 0.75 mg per day after the age 

of 6 months. Therefore, additional feeding is necessary to account for a rise in the 

demand of iron in infancy. Hence, it is advisable to start supplementary feeding in 

addition to breast-feeding after age of 6 months to fulfil extra demand for iron 

(Michaelsen et al. 2000).  
Authors hypothesized that a sustained diet high in bread and low in meat and 

fish is responsible for decreased serum ferritin levels. This pattern of diet in 

infants pre-disposes to higher incidence of iron store depletion in infancy 

(Michaelsen et al. 2000).  
The time at which IDA will develop in exclusively breast-fed infants depends 

on the size of iron stores at birth. According to authors (Domellof et al. 2001), 

IDA in most developing countries develops soon after the age of 4–6 months in 

exclusively breast-fed infants.  
Further, between 6 and 12 months, there is rapid growth of the body of the 

infant, and the iron requirement rises. It is around 0.9–1.3 mg per kg per day 

which is esti-mated to be in the range of 7.8–11 mg per day. Owing to rapid body 

growth and common prevalence of dietary deficiency of iron, the requirement of 

iron rises in the body of children below age of 2 years. Children in this age group 

are highly predis-posed to iron deficiency and associated anemia (Yip 1989; 

Hallberg 1992; Soh et al. 2004; Michaelsen et al. 1995).  
Iron deficiency in tender age group between 1 and 3 years is highly injurious to 

overall health and development of children. It may permanently impair psychomo-

tor development in children (Stolfus 2001; Grantham-Mcgregor and Ani 2001). 
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According to the Committee on Nutrition of the American Academy of 

Pediatrics, term infants should be given 1 mg/kg/day of the iron to the maximum 

of 15 mg per day, and iron supplement should be started at the age of 4 months 

and be continued up to 3 years of life. However for the preterm low-weight infant, 

according to authors (Domellof and Hernell 2002), iron supplement should be 2 

mg/kg/day to 15 mg/day and should be started from the second month onwards 

and be continued up to 3 years of life.  
Exclusively and prolonged breast-fed infants are more liable to iron deficiency 

owing to least iron content of breast milk and rapid growth of the body and increased 

iron demand. Infants should be given proper solid foods in addition to breast--feeding 

after the age of 6 months. Nutrients like zinc, iron and vitamin D are in minimum 

concentration in breast milk. Infants below 6 months of age can adequately be nur-

tured on breast milk. However, beyond this age, the infant‘s body iron store is 

depleted. The body grows rapidly. Iron demand increases. To keep pace with the iron 

demand and supply, food supplements should be started besides breast-feeding after 

the age of 6 months (Callahan 2011; Dewey and Chaparro 2007).  
After the age of 2 years till the start of puberty, the body grows steadily, and 

iron requirement of the body also decreases slightly during this period. Depending 

on the age and weight, daily iron intake exhibits variability. 
 
 
 

3.2.2 Childhood 

 

Physical growth of the body occurs between the 2nd year and 12th year in boys 

and 10th year in girls. Growth was estimated by Bothwell et al. (1979) and was 

found in the range 2.50–2.75 kg/year. Iron need of the body rises in the range 

between 0.5 and 0.8 mg per day. In schoolchildren, according to authors (Bothwell 

et al. 1979), haemoglobin level increases by about 1 g/100 ml. 
 
 
 

3.2.3 Adolescence 

 

Child age after 10–11th year in females and 11–12th year in males is characterized 

by rapid growth of the body, called as growth spurts. It results in increased body 

weight (Bothwell et al. 1979), which continues throughout the puberty, and it is 

around 4.5 kg per year in males and 4 kg per year in females. Additionally, 

haemo-globin level also rises to a value of about 2 g/100 ml in males and 1 g/100 

ml in females. These are age-related changes in weight and haemoglobin 

concentration (Kail and Cavanaugh 2010) (Table 3.1).  
Coincidence of growth spurt and an ascending Hb level, there is a raised daily 

iron requirement for male and females, which is 1.2 mg and 1.68 mg per day, 

respectively. Girls have comparatively higher iron need per day owing to 

menarche (FAO/WHO 1988). 
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Table 3.1 Daily iron  
requirement in different age  
groups (mg/day) 
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 Age Male Female  
     

 Birth to 6 months 0.27 0.27  
     

 7–12 months 11 11  
     

 1–3 years 7 7  
     

 4–8 years 10 10  
     

 9–13 years 8 8  
      
Source: Institute of Medicine, Food/ 

Nutrition Board (2001) and WHO/FAO  
(2004) 

 

 

3.2.4 Females in Reproductive Age Group 

 

Menstrual cycle starts in females at the adolescence period. It is the major reason 

for loss of iron. Females lose iron around 0.5–1 mg per day up to the menopause. 

Further, pregnancy demands a high iron requirement in females. Every pregnancy 

costs around 1,000 mg of iron in the life of women. Hence daily iron demand in 

females is about 1.5 mg (Table 3.1). 
 
 
 

3.2.5 Adult Males and Postmenopausal Females 

 

Daily iron demand in adult males and females in the menopausal stage continues 

to remain steady provided the daily intake of food is balanced, and they should not 

suffer from any disease. Chronic diseases like uncontrolled diabetes mellitus, 

chronic infections and peptic ulcer result in loss of iron, and demand for it rises 

(Table 3.1). 
 
 
 

3.3 Daily Iron Requirement 

 

Iron requirement per day is dependent on age, gender, weight, health and 

physiolog-ical status of individuals. About 3–4 mg of iron is passed from maternal 

circulation into the foetus during the last trimester of pregnancy. This 

physiological process helps in the attainment of a body iron store of about 75 

mg/kg of body weight of the infant (250–300 mg) (Fig. 3.1).  
Therefore, full-term (41 weeks), normal weight (3.4 kg average with a range of 2.7– 

4.7 kg) infants have adequate body iron store and do not suffer from iron defi-ciency at 

birth. On the contrary, preterm infants (37 weeks) are deprived of time to build up 

body iron store and become susceptible to iron depletion and iron--deficiency anemia. 

Full-term but low-birth-weight infants have reduced body iron store in comparison to 

normal weight infants. Further, as the body weight of the infant rises 
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Fig. 3.1 Daily iron requirement in different age groups (mg/day) (Source: Institute of Medicine,  

Food/Nutrition Board 2001; WHO/FAO 2004) 

 

and the body volume grows, there is a surge in the requirement of daily iron for 

the synthesis of haemoglobin. It has been found that about 40 mg of iron is needed 
for every 1 kg of weight gain during early period of childhood (Dallman 1990).  

According to the Institute of Medicine/Food and Nutrition Board (2001), daily 

iron intake is expected to be 7.8–11 mg at 6–12 months, 5.8–9.0 mg at 1–3 years, 

6.1–10 mg at 4–8 years and 8–11 mg/day at 9–13 years, corresponding to 0.9–1.3,  
0.5–0.8, 0.3–0.5 and 0.2–0.3 mg/kg/day. Further, daily iron intake is maximum (7.8– 

11 mg) at the age between 6 and 12 months, whereas its intake becomes mini-mum 

(5.8–9 mg) between 1 and 3 years of age. Moreover, iron intake assumes almost equal 

value in the age groups 6–12 months and 9–13 years (Fig. 3.1). 

 

 

3.4 Essential and Functional Iron Compounds 

 

Essential or functional iron compounds are helpful in carrying out normal 

metabolic functions of the body. These compounds are protein with nonprotein 

moiety as prosthetic group. 
 
 
 

3.4.1 Haemoglobin andMyoglobin 

 

Globin proteins in these compounds are conjugated with porphyrin moieties. 

Haemoglobin contains four polypeptide chains linked to four haem moieties and 

can transport four oxygen molecules from the surface of the respiratory membrane 

to tissues. About 70% of the total body iron is focused within haemoglobin 

(Marengo-Rowe 2006).  
Haem contains iron in ferrous state that is held coordinatively within a 

heterocy-clic nucleus called as porphyrin. It is made of four pyrrole rings linked  

together through methene bridges. Porphyrin molecules harbour Fe
2+

 ion in its 
centre (Perutz et al. 1960) (Table 3.3).  

Four nitrogen atoms of pyrrole rings bind with Fe
2+

 ion by forming 
coordinative bonds. 
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Ferrous ion is covalently linked to the nitrogen atom of the imidazole ring of 
histidine moiety within the polypeptide chain. Sixth oxidation state of iron is uti-
lized to link outwardly with water molecule in the deoxygenated Hb, whereas in 
oxygenated Hb, the oxygen molecule replaces water molecule and bonds itself 

reversibly and coordinatively with Fe
6+

 (Allison 1954).  
Myoglobin is another chromoprotein containing iron in ferrous state. It is found 

in the muscles of all mammals. Mb concentration of skeletal muscles, smooth 

mus-cles and cardiac muscles is about 2.5 g/100 ml, 0.3 g/100 ml and 1.4 g/100 

ml, respectively (Nelson and Cox 2000) (Table 3.2).  
It is made of single polypeptide chain of 152 amino acids (Ordway and Garry 

2004).  
According to Lodish et al. (2000), it possesses a haem moiety around which 

polypeptide chain (globin) undergoes folding and refolding forming eight alpha 

helices and a hydrophobic core. Human globin is composed of 154 amino acids 

(Lippard and Berg 1994; Kendrew et al. 1960; Kendrew 1961).  
Mb is the oxygen carrier protein of muscles and has higher affinity for oxygen than 

Hb. It is seen in terms of difference in saturation of Hb (only 50%) and Mb (90%) at 

pO2 of 30 mm of Hg within tissues. Mb lacks coordinative bonding with oxygen 

molecule since it is a monomeric entity (Millikan 1939; Flogel et al. 2001).  
Myoglobin is a reservoir and carrier of oxygen within skeletal and cardiac mus-

cle tissues in humans and mammals. It is necessary to maintain adequate cytoplas-

mic oxygen supply. It carries oxygen from sarcolemma to mitochondria (Sidell 

and O‘Brian 2006; Millikan 1939; Wittenberg and Wittenberg 1985, 1987, 1989; 

Williams and Neufer 1996; Yan et al. 2001).  
Myoglobin maintains inflow of oxygen into muscle cells and the consumption 

of oxygen by the mitochondrial cytochrome oxidase enzyme (Wittenberg and 

Wittenberg 2003; Mammen et al. 2003; Antunes et al. 2004). 
 
 
 

3.4.2 Catalases 

 

Catalase is an important antioxidant enzyme which is present in all aerobic organ-

ism. It converts hydrogen peroxide which has toxic potential into water and 

oxygen. Catalase is protective in nature against the oxidative stress induced by 

reactive oxy-gen species (Chelikani et al. 2004).  
In humans, it is present in the blood, kidneys, marrow, mucosa and liver. It 

serves to catalyse reduction of hydrogen peroxide, produced in consequence of 

metabolic processes in tissues, into oxygen and water (Johansson and Borg 1988; 

Lardinosis and Rouxhet 1996). Catalase is a tetramer consisting of four 

polypeptide chains, where each one is made up of 500 amino acids. Each chain is 

linked to haem moiety (Boon et al. 2007) (Table 3.3).  
Peroxidative action of catalase was first described by Keilin and 

Hartree (Andreoli et al. 1990). 
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catalase 

2H2O2    2H2O + O2 

 

Peroxidatic activity of catalase is discernible at comparatively low 
concentration of hydrogen peroxide in tissues (Anderson et al. 1997). 
 
 
 

3.4.3 Peroxidases 

 

Peroxidases constitute a large family of conjugated enzymes that contain haem as 

prosthetic group loosely attached to apoprotein or cysteine residue. These enzymes 

can catalyse hydrogen peroxide into water and oxygen, and a typical reaction that 

can be catalysed by peroxidases is represented as follows: 

 
ROOR' + electron donor (2 e−) + 2H+ → ROH + R'OH  

Glutathione peroxidase  
2GSH 

 
+ 

 
H2 

 
O2  
glutathione  
reduced 

 
GS–SG + 2H2O  

glutathione  
disulphide 

 

Glutathione peroxidase is an example of peroxidases and it works in combina-

tion with the glutathione reduced, G-SH. Glutathione peroxidase family has eight 

isoforms in humans.  
Glutathione peroxidase acts as electron donor and can reduce the hydrogen per-

oxide and organic hydroperoxides. Glutathione peroxidases (Gpx), Gpx1, Gpx2, 

Gpx3 and Gpx4, have selenium as prosthetic group (Epp et al. 1983). 
 
 
 

3.4.4 Cytochromes 

 

These are iron-containing pigmented compounds which are focused primarily in the 
mitochondria responsible for operation of electron transport system generating ATP 

molecules in the cells. Cytochromes contain iron metal in two states as Fe
2+

 (reduced 

state) and Fe
3+

 (oxidized state), and cytochrome is called as ferrocytochrome and 

ferricytochrome, respectively, and hence can catalyse oxidation and reduction reac-
tions in the body (Reedy and Gibney 2004) (Table 3.2).  

Cytochromes exhibit polymorphism based on the type of haem group, the type 
of apoprotein and the nature of binding between them (Tables 3.2 and 3.3). 
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Table 3.2 Types of cytochromes      
      

Cytochrome b Haem b (protoporphyrin IX) Representative structure 
       

Cytochrome c Haem c  Two vinyl side chains of haem b are 

   replaced by thioether linkage 
       

Cytochrome a Haem a  Methyl side chain at position 8 oxidized to 

   formyl group and isoprenoid unit attached 

   to vinyl group at position 2 of haem b 
       

Cytochrome a3 Haem a  Same structure   

Source: Wikipedia (2015)      

Table 3.3 Iron distribution 

   
 Type of compound Iron content % of total body iron 

in the body 
      

 Haemoglobin  2500 mg 60–70%    
       

  Myoglobin  400 mg 5–10% 
      

  Catalase, peroxidase 2–3 mg 1%  
       

  Cytochromes  4–5 mg 1%  
       

  Ferritin  300–700 mg 10–15% 
       

  Transferrin  6–8 mg 1%  
      

  Source: Chatterjea and Shinde (2002)   
 
 

 

3.5 Iron Storage Compounds 
 

3.5.1 Ferritin 

 

Ferritin is a universal iron storage protein. It is present in the archaebacteria, plants 

and animals including humans. It is an intracellular protein and found predomi-

nantly in the liver, spleen, bone marrow and intestinal mucosa. It releases iron in a 

controlled way into the circulation. Ferritin is a spherical molecule and made up of  
24 peptide monomeric units (Langlosis et al. 2004). Ferritin is an intracellular pro-

tein meant for iron storage. Many authors that worked in the laboratory suggested 

that ferritin might inhibit the differentiation of B lymphocytes into plasma cells. 

This process interferes with antibody formation (Morikawa et al. 1995; Aisen 

1995; Casiday and Frey 2000) (Table 3.3).  
These are arranged symmetrically in a way to form a hollow spherical shell. 

The outer diameter of this apoprotein spherical shell is 12 nm (Theil 1987; 

Andrews et al. 1992).  
Internally, it encloses a chemically inert iron core having a diameter of 6 nm. These 

peptide subunits are folded into four parallel helices, and another fifth helix is placed 

at an angle of 60° (Andrews et al. 1992). Small channels are present at the intersection 

of these peptide subunits which allow the transportation of ions or mol-ecules. Ferritin 

has a molecular weight of 450 kDa, and it can encapsule 2,000– 4,300 iron atoms in 

ferric form that are finely arranged in crystalline lattice network, 
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called ferrihydrite phosphate (Fe(O)(OH)8 (FeOPO3 H2).n(H2 PO4) (Wikibooks 

2014; Frey et al. 1995; Aisen and Listowsky 1980; Recalcati et al. 2008; Fisher et 

al. 2007; Theil 1990; Harrison and Arosio 1996).  
Iron in tissues has the potential to induce oxidative damage. It may disturb ionic 

transport across the cell membrane and hence manifest into increased membrane 

permeability. It can damage protein and enzyme molecules and hence interfere with 

biochemical reactions. Also, it can induce chromosomal aberrations and negatively 

affect cell functions (Gardiner 1989; Halliwell 1992; Lesnefsky 1994; Loeb et al. 

1988; Stadtman 1990). According to Witte et al. (1996), haemochromatosis in the 

body is associated with higher occurrence of malignancy in individuals.  
The body protects itself through antioxidant enzymes and by ferritin protein 

against oxidation by free radicals. Superoxide dismutase, peroxidases, catalases 

and glutathione are the molecules in the body that change superoxide free radicals 

and peroxides into least harmful molecules that are removed from the body 

(Basaga 1990; Floyd 1990; Sies 1993).  
Ferritin is another protective conjugated protein in the body. It can sequester free 

iron from tissues. Hence, it minimizes the oxidative potential of free iron and limits the 

formation of other free radicals. Ferritin is a cryoprotectant (Crichton 1990). 

 

 

3.5.2 Haemosiderin 

 

Haemosiderin is another storage form of iron which is strictly confined within 

cells. It is a complex of ferritin and denatured ferritin. Iron stored inside 

haemosiderin is least available to tissues, circulation and the bone marrow for Hb 

synthesis. It appears during iron overload in the body when the apoprotein content 

of the body is exhausted, and the condition is called haemosiderosis, wherein the 

tissues are with-out any injury. However, haemosiderosis associated with cell 

injury is called hae-mochromatosis. This condition can damage organs.  
Quantity of ferritin in the body is larger than the haemosiderin under the condi-

tion of normalcy. Otherwise in iron overload, amount of haemosiderin iron 

becomes larger than ferritin and the ratio of haemosiderin iron to ferritin iron 

builds up in the body during periods of iron overload.  
According to Cook (1929), haemosiderin is unique in itself and highly different in 

its chemical nature. Its granules are analogous to RBCs without any characteristic size 

or shape. These granules possess iron containing reddish to brown pigment. 

Haemosiderin, according to Cook (1929), is devoid of carbon or nitrogen and can-not 

be described as an organic compound as per the author. According to an assump-tion 

by the author, haemosiderin may be an inorganic compound of iron, wherein it neither 

shows properties of ferrous nor ferric form of iron. The author concluded that the iron 

must be present in haemosiderin in oxide or hydroxide state.  
The pigment is of peculiar nature. It contains no carbon or nitrogen and therefore 

cannot be an organic compound. Its iron content is very high and aside from iron 

consists only of hydrogen and oxygen (or water). It must be an inorganic compound 
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of iron, yet its reactions are not those characteristic of ferric iron. It gives none of 
the reactions of whatever ferrous iron. 
 
 
 

3.6 Labile Iron Pool 

 

Labile iron pool (LIP) is a chelatable and redox-active iron, which serves as an 

essential source of iron in cells for cellular iron metabolism (Kakhlon and Cabantchik 

2002). Labile iron pool in the body is marked by anatomic boundary. Iron is imported 

and exported across the body tissues with the help of proteins that enable its 

transportation and accessibility, called as labile iron pool (Kruszewski 2003).  
Labile iron pool is confined within the cytoplasm of cells. It is constituted of 

apoferritin, a protein having affinity for iron and metabolically active form of iron 

that remains in ferric state. Exogenous iron is absorbed by GIT and moves into the 

LIP, and its concentration within cells is maintained by the iron requirement in the 

body. Also intracellular extra iron in the body is deposited in LIP (Epsztejn et al. 

1997).  
Hence, LIP maintains a steady state. It prevents free state of iron that has high 

oxidative potential and can regenerate hydroxyl free radicals in the body via 

Fenton reaction. Content of iron in LIP is maintained partly by negative feedback 

that cur-tails the absorption of dietary iron at the intestinal mucosa and partly by 

transcrip-tional regulation of apoferritin and is called iron haemostasis of the body 

(Kruszewski 2003).  
Iron has high potential for generation of free radicals. A small amount of free 

iron in the body can catalyse synthesis of hydroxyl radical via Fenton/Haber– 

Weiss reaction cycle. The free radical is highly injurious to tissues of the body 

(Fenton 1894). Availability of free iron in the body constitutes labile iron pool. It 

is neces-sary for metabolic reactions involving the iron-dependent enzymes. LIP is 

a source of free iron that might participate in free radical formation. Hence, the 

amount of LIP is minimized through the regulation of transcription and translation 

of protein necessary for maintaining iron level in the body (Kruszewski 2003; 

Crichton et al. 2002: Lipinski et al. 2010). 
 
 
 

3.7 Physiological Iron Turnover 
 

3.7.1 From Senile RBC 

 

Daily, a small amount of Fe is released through the phagocytosis of senile RBCs 

by the macrophages of the reticuloendothelial system especially the spleen, liver 

and lymph nodes. Haemoglobin becomes free in circulation which could be easily 

excreted in urine owing to its small (64,000 Da) molecular weight. It is barred by 
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another biochemical reaction in circulation. Haptoglobin is an alpha-2 globulin 
hav-ing two light chains and two heavy chains in its structure with a molecular 

weight of 90 kD (Dobryszycka 1997).  
Haptoglobin is an acute phase protein, and its level increases during inflamma-

tion and infection in the body. Haemoglobin is immediately captured by haptoglo-

bin in blood circulation preventing its excretion and results in Hb–Hp complex 

which is further phagocytosed by Kupffer cells in the liver (Wassell 2000).  
Haem is detached from globin and released in circulation. Haem-bound iron has 

high toxicity and can cause lipid peroxidation thus resulting in oxidative stress and 

releasing hydroxyl radicals. Haemopexin is a beta-glycoprotein with a molecular 

weight of 57,000 Da. Its serum level is around 50–100 mg/dl in normal and healthy 

person and has a half-life period of 8 days. Haemopexin molecule has the highest 

affinity towards haem and forms a haem–haemopexin complex, hence preventing the 

haem-bound Fe-induced oxidative stress and loss of haem from the body. It delivers 

haem to hepatocytes and acts as scavenger (Tolosano and Altruda 2002).  
Porphyrin is removed from haem in the liver, and Fe is released in circulation 

and carried by transferring protein to the bone marrow for biosynthesis of Hb. 

Also part of Fe is stored in ferritin form within cells. Daily, around 15–20 mg of 

Fe is released by catabolism of RBC (Fig. 3.2). 
 
 
 

3.7.2 In theBody 

 

Iron in the body moves from plasma and returns to plasma through the bone marrow 

and spleen. Body iron turns over from plasma to plasma via the bone marrow and 

spleen in harmony with RBC iron recycling. Iron daily need depends on the age, sex 

and physiological status of individual. Dietary sources vary in their iron content. Leafy 

vegetables contain 20 mg/100 g of the iron and are good source of non-haem iron. 

About 1 mg of iron is absorbed through GIT daily. Excretion of iron from the body 

does not follow the conventional pattern removal of any substance. Faeces contain 

around 80–90% of the dietary iron that goes unabsorbed in the small intes-tine. 

Excretion of iron via urine is almost (0.08 mg) insignificant. Around 30% (50–80 g) of 

the epithelial cells of GIT are exfoliated and replenished. So the loss of iron through 

desquamation of these cells is high. Also the iron is lost through the shedding of the 

cells of the skin that contain ferritin.  
Finch (1959) estimated daily iron loss from the body of an adult person with  

70 kg of weight. It was through blood 0.35 mg, mucosa 0.10 mg, bile 0.20 mg, urine  
0.08 mg and skin 0.20 mg (Finch 1959).  

Conclusively, about 1 mg of iron is lost from the body of an adult person daily, 

and this loss is miniscule which is replenished by absorbing nearly equal amount 

(1 mg) of dietary iron by GIT.  
Further, erythropoiesis in the bone marrow demands about 20 mg of iron daily, 

wherein the catabolized RBC delivers around 20–25 mg of iron in the circulation 

that is channelized to the bone marrow; hence, an equilibrium is maintained 

between the demand and supply of iron in the body (Fig. 3.2). 
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Fig. 3.2 Diagram showing iron distribution in human body 

 

In the absence of this turn of iron, it becomes impossible to meet the high demand 

of iron for erythropoiesis and redox reactions by dietary intake. In females during the 

period of menarche and premenopause, loss of blood through each menstrual cycle is 

high and demands supplementation by appropriate vehicle. Each menstrual cycle 

retrocedes about 20–40 mg of iron from the body. Women in their reproduc-tive years 

need to absorb approximately 2 mg of iron per day. However, when dietary iron is 

more abundant, absorption is appropriately attenuated (Fig. 3.2). 
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Chapter 4 

Iron Metabolism in Human Body 
 
 
 
 
 
 

 

Abstract Animal and plant sources have haem and non-haem forms of iron. These 

two forms of iron have variable absorbability in the small intestine. Haem iron is 

available in animal protein in the forms of haemoglobin and myoglobin. This form 

of iron is absorbed faster than non-haem iron from vegetarian diet.  
Ascorbate, citrate and amino acids act as absorption promoters. Phytic acid, 

tan-nins, oxalates, carbonates, phosphates and soil eating retard iron absorption. 
Duodenal cytochrome b (DCTYB) is a characteristic ferric reductase enzyme of 

the human body. It is located on the brush border surface of enterocytes. It reduces  

Fe
3+

 iron into highly soluble Fe
2+

 iron. Ferrous iron is actively transported 

across the cell membrane of enterocytes. Absorption of haem iron absorption is 

mediated by haem receptors. These are located on the microvilli of epithelial cells 

in the small intes-tine. Iron from the inside of mucosal cells can be exported to 

plasma by basolateral iron exporter proteins. Ferroportin-1 serves as the chief iron 

exporter from mucosal cells and hepatocytes. Hepcidin prevents the export of iron 

in circulation in condi-tion of chronic inflammation like kidney failure and 

cirrhosis (Ashby et al. 2009). Iron deficiency during 0–3 years of life alters the 

morphology, physiology and bio-energetics of CNS. Iron is an essential cofactor 

in the process of myelination. Additional hypothesis related with the effect of iron 

deficiency on the neurodevel-opment is the altered brain bioenergetics. Children 

who were iron deficient in infancy had comparatively poor physical activity and 

poor ability to verbalization at the age of 5 years irrespective of the iron 

supplements which corrected their iron deficiency during infancy. 
 

 

4.1 Introduction 

 

Iron is the essential trace element of the body. Its daily requirement is less than 100 

mg, and it constitutes, even, smaller than 0.01% of total body weight. It is imperatively 

needed for oxygen transport in circulation. Additionally, iron is ele-mental for 

biosynthesis of cytochromes that is critical for redox reactions in mito-chondria. It 

forms the structural part of catalase enzyme that reduces hydrogen peroxide into water 

and oxygen in body tissues. Iron exists in the body in ferrous (Fe
2+

) and ferric (Fe
3+

) 

states that are interconvertible, hence enabling iron to partici-pate in oxidation-
reduction reaction in the body. Although iron is the most abundant 
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Table 4.1 Dietary sources of iron  
  

Sources of iron Iron content 

Leafy vegetables 20 mg/100 g 
  

Pulses 10 mg/100 g 
  

Cereals 8 mg/100 g 
  

Nuts, dry roasted, 1 oz (49 nuts) 1 mg 
  

Broccoli, boiled 1 mg 
  

Potato, baked 1 mg 
  

Milk 0.1 mg/100 ml 
  

Liver 5 mg/100 g 
  

Meat 2 mg/100 g 
  

Spleen 6 mg/100 g 
  

Egg, boiled 1 mg 
  

Spinach, boiled, ½ cup 3 mg 
  

Lentils, boiled, ½ cup 3 mg 
  

Jaggery 3 mg/100 g 
  

Sources: IOM/FNB (2001); Ayur times (2014)  
 

 

element on the earth‘s crust, it is paradoxical that iron deficiency becomes the 

chief cause of nutritional anemia, which is the most prevalent form of anemia in 

children and pregnant women in developing countries, especially in rural 

population and people residing in slum areas, throughout the world. 
 

 

4.2 Dietary Sources of Iron 

 

Different dietary sources contain definite amount of iron, as in Table 4.1. 
 

 

4.3 Nonconventional Sources of Iron 
 

4.3.1 Iron Utensils 

 

I strongly hypothesize that food preparation in iron utensils/pots, irrespective of 

the size of pot/quantity and quality of food/spices added, definitely fortifies the 
foods with readily absorbable and bioavailable iron.  

To augment my hypothesis, I will cite the works of earlier researchers as 
follows:  

Geerlings et al. (2013a) state that eating food prepared in iron pots increases 
haemoglobin concentration of anaemic/iron-deficient individuals.  

Use of iron pots varies between countries. Further size of cooking pot, quantity of 

food prepared, duration of food preparation, nature of food prepared, etc. deter-mine 

bioavailability of iron in the body. Introduction of iron pots or improving their 
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use in communities in developing countries for the preparation of food may be a 

promising innovative intervention for reducing iron deficiency and iron deficiency 

anemia. Further research is required to monitor the use and effectiveness of this 

intervention.  
According to Geerlings et al. (2013b), rural Malawian adults, who inhabited high 

malarial endangered areas, consumed foods cooked in iron utensils for 6 weeks. It was 

found that these adults showed an uplift of Hb level on resorting to food con-sumption 

prepared in iron pots despite having had high malarial transmission.  
In rural and remote areas with little medical facility, it becomes difficult to 

maintain and sustain iron supplementation on a daily basis for long periods to IDA 

children (Stoltzfus and Dresfus 1998). In view of these difficulties, the use of iron 

cooking pots could provide an innovative strategy to control iron deficiency 

anemia, which has fewer logistical difficulties and lower cost than other 

approaches. 
 
 
 

4.4 Iron Absorption 
 

4.4.1 Factors Affecting Iron Absorption 

 

Animal and plant sources have haem and non-haem forms of iron. These two 

forms of iron have variable absorbability in the small intestine. Haem iron is 

available in animal protein in the form of haemoglobin and myoglobin. It is 

absorbed faster than non-haem iron from vegetarian diet.  
In duodenum, pH is nearly neutral. Haem iron is not polymerized at alkaline 

pH and is readily available for absorption. Non-haem iron at alkaline pH has a 

tendency to become precipitated as ferric hydroxide. Also it chelates with phytates 

rendering it minimally absorbable (Spiro et al. 1967; Monsen 1988).  
Absorption of haem iron is about 20–30% of the total intake, whereas non-

haem iron absorption is around 5–10% of the total dietary intake of iron. In 

Western coun-tries, daily consumption of red meat, a source of haem iron, is 

predominant in com-parison to Indian subcontinent, where the daily diet contains 

a large amount of cereals, pulses and vegetables. It has been estimated that haem 

iron constitutes about 75% of the total body iron in a person. Vegetarians are 

susceptible to iron deficiency due to least absorbability of non-haem iron 

(Carpenter and Mahoney 1992). 
 
\ 1.\ Ascorbic acid, citric acid and amino acid  

Absorption of iron occurs in ferrous form. It is a highly soluble form. 

Ascorbate, citrate and amino acids act as absorption promoters. These exoge-nous 

ligands chelate iron and form highly soluble monomeric complexes in the 

duodenum. Glutathione reduces ferric form into ferrous form, hence favouring 
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its absorption through intestinal mucosa (Conrad and Umbreit 1993; Teucher 
et al. 2004).  

\ 2.\ Meat factor helps in iron absorption. Presence of a small amount of meat 
in diet promotes absorption of non-haem iron.  

In a study by Hallberg et al. (1989a), a contrasting feature was observed. 

Bread meal that contained 88 mg of phytic acid was supplemented with 50 mg 

of beef by authors (Hallberg et al. 1989b). Iron absorption was not enhanced.  
Later on, in another study by Baech et al. (2003), absorption of non-haem 

increased by 44% when a dose of 50 g pork was added in a diet rich in phytic 

acid (220 mg) by authors (Baech et al. 2003).  
It is clearly evident from both studies that an increase in phytic acid in diet 

in the presence of meat factor resulted into faster non-haem iron absorption. 

So the effect of meat factor is highly accentuated in the presence of phytic 

acid. Fish in diet has been shown to uplift non-haem iron absorption (6%– 

12% rise with 40 g fish) (Aung et al. 1976).  
\ 3.\ The pH of stomach and duodenum favours iron absorption. In stomach, a low pH 

value promotes disassociation of ferric form of iron that exists in non-haem form 

bound to plant proteins. Again, gastric pH favours reduction of ferric ion into 

ferrous ion, hence decreasing polymerization and precipitation potential and 

increasing solubility of ferric iron (Andrews 2000).  
Further, entry of chyme into the proximal part of the duodenum lowers 

intra-luminal pH, hence enhancing absorption of iron. Iron in monomeric 

complex form can enter intestinal epithelial cells, but polymeric complexes of 

iron can-not penetrate the cell membrane of epithelial cells and have a 

tendency to get precipitated in the duodenum (Jacobs 1967).  
Gastric acid influences absorption of non-haem iron from the food. 

Achlorhydria severely affects the production of HCl in gastric secretion. Its 

secretion almost becomes absent. The condition is responsible for malabsorp-tion 

of non--haem iron, hence causing iron deficiency anemia. Achlorhydria has been 

noted in children causing IDA. Three cases of achlorhydria causing IDA in 

children aging 8 months, 13 months and 4 years were reported by Hawksley et al. 

(1934). Betesh et al. 2015 analysed the effect of gastritis-induced achlor-hydria as 

a cause in iron deficiency anemia. Authors concluded that the absorp-tion of iron 

from a typical Western diet is reduced in the body of achlorhydric patients. 

However, iron losses in these patients exceeded the intake of iron; therefore, the 

process disturbed the iron balance of the body. Nonetheless, a rise in iron 

absorption by intestinal mucosa in these patients was noted which was an adaptive 

response of the mucosa in relation of negative iron balance. Overall, it was 

asserted by authors that gastritis-induced achlorhydria is a definite inde-pendent 

factor of iron deficiency anemia in patients.  
\ 4.\ Iron-deficient individuals have higher ability to absorb iron in comparison 

to health individuals. This value is 20% in iron deficiency anemia, whereas 

the value is 10% in healthy individuals.  
\ 5.\ Phytic acid, tannins, oxalates, carbonates, phosphates and soil eating retard iron 

absorption. Phytic acid and oxalic acid are present in cereals and leaf vegeta- 
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bles in large quantity. These inhibitors bind with iron and form polymeric com-

plexes which are insoluble in the duodenum. Indian diet contains about 20 mg of 

iron obtained through cereals and vegetables as main constituents. Nevertheless, a 

meager quantity of iron (5–10%) is absorbed owing to the pres-ence of large 

concentration of phytates and oxalates in the diet. Moreover, the presence of bran, 

cellulose and hemicelluloses in the food interferes with iron absorption. Pectin is a 

mucopolysaccharide present in the cell wall of plants. It is used as gelling agent in 

foods. It is supposed to decrease iron absorption. Pectin delays gastric emptying 

so the food remains in the stomach for longer duration that retards iron absorption 

since it is absorbed in the duodenum (Hallberg et al. 1987; Di Lorenzo et al. 1988; 

Sotelo et al. 2010).  
Bran, whole-wheat flour, has a high quantity of phytic acid in comparison 

to white wheat flour. Oats also contain high amount of phytate. To counteract 

this disadvantage, adequate amount of ascorbic acid should be supplemented 

in bran and oat flour (Brune 1992).  
\ 6.\ Concomitant use of milk with iron interferes in its absorption. Both elements 

are necessary for growth and adopt same pathway for their absorption. 

Calcium in milk or in other dairy products competitively inhibits haem and 

non-haem absorption. However, calcium cannot be considered as an 

inhibitor. To over-come inhibition, dose of iron in diet should be increased. 

So more iron mole-cules attach to DMT-1 carrier, and its absorption would 

increase (Hallberg 1991).  
\ 7.\ Tea and coffee also delay iron absorption. These are caffeinated 

beverages and caffeine decreases iron absorption. Additionally, tea 

contains tannins, polyphe-nols and coffee enriched with chlorogenic acid. 

These organic compounds also limit iron absorption.  
\ 8.\ Heavy metals like lead, cobalt, strontium, manganese and zinc play a role of  

competitive inhibitor with iron and hinder iron absorption. These metals 

follow a common absorptive pathway and could have negative interactions 

affecting absorption of iron. Lead is a highly toxic element and competes with 

iron for its attachment on the surface of divalent metal transporter (DMT-1). 

Under normal condition of health and total body iron, iron binding with DMT-

1 and, hence, its absorption is faster due to high affinity of iron towards metal 

transporter. In iron-deficient children, body response increases secretion and 

release of DMT-1 in the intestine mucosa. So the absorption of lead increases 

many times leading to lead toxicity (Goyer 1993).  
Lead is taken up by DMT-1 and secondarily blocks iron absorption through 

competitive inhibition. Lead interferes with another iron-dependent metabolic 

pathway as haem biosynthesis. Lead has multifaceted impetus on children 

resulting in iron deficiency anemia and impaired cognitive process.  
\ 9.\ Antacids, possibly including H2 receptor blockers, interfere with the absorp-

tion of iron from the gut. Lactoferrin present in human milk is a promoter of 

iron absorption.  
\10.\ Oxidation of iron influences its physical state and chemical property, hence 

affecting its absorption potential. Absorption of ferrous iron is around more 
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than twice the absorption of ferric salts. Ferric ions from diet are reduced into 

ferrous ions in the stomach at low pH. Its solubility is higher than ferric ion. It 

chelates with ascorbate and citrate that keep ferrous ions in soluble state. 

Ferric ions have a potential to get precipitated at alkaline pH in the upper part 

of the duodenum. 
 
 
 

4.4.2 Non-haem Iron Absorption 

 

Non-haem iron is abundantly found in green leafy vegetables, cereals, pulses and 

fruits. In India, jaggery is a good source of iron. In villages, food is prepared in iron 

utensils that enrich the food with iron. Non-haem or elemental iron is abundant in 

vegetables, fruits, jaggery, molasses, nuts and grams and is the chief form of dietary 

iron in developing countries. Haem iron is present in meat, liver, poultry and fish that 

becomes the main part of daily diet in Western countries (Medline plus 2015).  
Although sources of iron are abundant, cheap and economical, however, it is 

surprising and alarming that iron deficiency anemia is ubiquitous in poor popula-

tion. Today, its prevalence is obvious in upper socio-economic strata that might 

arise due to a change in dietary habits. Fast foods and canned foods are rich in 

calo-ries but deficient in iron contents.  
Nutritional anemia in preschool-aged children is associated with poor appetite, 

diarrhoea, malabsorption syndrome or worm infestation of the alimentary canal. 

All these factors, collectively, lead to malnutrition that is a potential cause of child 

mor-bidity and mortality.  
Dietary iron absorption is multifactorial. It depends on the source of iron, pres-

ence of other dietary components in the alimentary canal and iron store of the 

body. Iron absorption occurs through the mucous membrane, in the proximal part 

of the small intestine, particularly, close to the gastroduodenal junction and 

duodenum. Its absorption decreases upwards in the small intestine. Acidic chyme 

favours fast absorption in the gastroduodenal region. Low pH keeps the iron in 

easily solubilized and least polymerized form which is rapidly taken up by 

mucosal cells. Rise in pH along the distal part of the small intestine discourages 

absorption because iron has a tendency to become precipitated at high pH.  
Elemental iron exists in plant foods in the form of ferric ion. It remains bound to 

plant proteins. After dietary intake, iron-protein bonding is hydrolysed by HCl in the 

stomach. Ferric iron is released in the stomach. Interconvertibility of the oxida-tive 

state of iron, in the body, is its unique property. Dietary ingredients like ascorbic acid, 

citric acid and glutathione oxidize ferric into ferrous iron. It is chelated and 

solubilized. Ascorbic acid present in the diet, additionally, helps in absorption of 

elemental iron. Possible pathway is the chelation of iron to form iron-ascorbate 

complex in the digestive tract. The complex keeps iron in highly solubilized form. It is 

taken up readily by mucosal cells of the small intestine (Hallberg et al. 1989b). 
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Duodenal cytochrome b (DCTYB) is a characteristic ferric reductase enzyme of 

the human body. It is located on the brush border surface of enterocytes. It reduces 

Fe
3+

 iron into highly soluble, Fe
2+

 iron (Latunde-Dada et al. 2002). 

Ferrous iron is actively transported across the cell membrane of enterocytes. 

Active transportation is facilitated by a transmembrane carrier protein molecule. It 

is called divalent metal transporter-1 (DMT-1). It is also called as natural 

resistance-- associated macrophage protein 2 (NRAMP-2) and divalent cation 

transporter-1 (DCT-1). It is encoded in humans by SLC11A2 gene (Vidal et al. 

1995; Wu et al. 2015).  
It is highly ascribed for its role in transporting ferrous iron across the cell mem-

brane of the intestinal epithelium. DMT-1 expression is induced by the iron store of 

body. It is a physiological process of iron homeostasis. It carries out proton-coupled 

transportation of divalent metal ions from the intestinal lumen to the inside of intes-

tinal mucosal cells. DMT-1 is located on the apical surfaces of enterocytes. 

Additionally, DMT-1 facilitates active absorption of divalent ions like copper, zinc, 

manganese, cobalt and cadmium (Gunshin et al. 1997; Anderson et al. 2009).  
Important endogenous ligand, gastroferrin, helps in iron absorption. It is 

secreted by oxyntic cells of gastric mucosa. It is a glycoprotein having 15% 

polypeptide and 85% carbohydrate. It binds with ferrous iron in the lumen of the 

gut and helps in its absorption (Multani et al. 1970).  
Indirect evidence in favour of gastroferrin-induced ferrous absorption was pro-

vided by Like et al. (1967). They asserted that secretion of gastroferrin correlated with 

the iron store of body. In case of iron overload, its synthesis is decreased, whereas its 

release accelerates during iron deficiency in the body (Like et al. 1967).  
Dietary factors like polyphenols, phytates, tannic acids, calcium and soya pro-

teins inhibit the absorption of non-haem iron. Ferrous iron is internalized inside 

the enterocytes. Within the cytoplasm of enterocytes, Fe
2+

 iron is oxidized into 

Fe
3+

 form with the help of ceruloplasmin, a major copper-containing protein. It is 

synthe-sized in the liver. It contains six copper atoms associated with globulin 
(Hellman and Gitlin 2002).  

It has copper-dependent oxidase activity. It is also called as ferroxidase1. It oxi-

dizes ferrous into ferric iron inside enterocytes. It is synthesized by the liver. It 

exerts copper-dependent oxidase activity that helps oxidize ferrous iron into ferric 

form (Song and Dunaief 2013).  

Fe
3+

 iron is carried by an intracellular iron carrier (IIC) inside the intestinal 

mucosal cells. A part of ferric iron is delivered to mitochondria. Another 
proportion of ferric iron binds to apoferritin, a protein, present inside the 
cytoplasm of entero-cytes. It is synthesized by mucosal cells of the intestine. It 
stores ferric iron in the form of ferritin within mucosal cells.  

Theory of iron absorption by intestinal mucosal cells is called mucosal block 

theory. It was proposed by Garnick. According to it, iron content of intestinal muco-sal 

cells determines the uptake of iron by intestinal mucosal cells. Whenever ferritin level 

of mucosal cells is depleted, the rate of iron absorption is increased; otherwise, under 

iron overload, absorption is blocked. Iron homeostasis is exclusively based on iron 

absorption by mucosal cells, and it is independent of iron excretion in body. 
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4.4.3 Haem Iron Absorption 

 

It is an important source of iron in the body. But the mechanism of its uptake is 

not clearly established. There are two hypotheses regarding haem iron absorption 

through the intestinal epithelium. Haem iron is taken up by enterocytes as a whole 

in the form of metalloporphyrin. Current theory proposes that haem iron 

absorption is mediated by haem receptors. Haem receptors are proteins. These are 

located on the microvilli of epithelial cells of the intestinal mucosa. Second theory 

explains the haem iron absorption through the haem transporter (West and Oates 

2008). Intestinal haem receptor is located on brush borders of epithelial cells. It 

has very high affinity for haem, and Grasbeck et al. (1979) demonstrated that 

receptor was localized on brush borders of the intestine and had high affinity for 

haem with the use of radioac-tive haem in porcine small intestine. According to 

Grasbeck et al. 1979, it could be solubilized with the use of hydrophilic 

polyethylene oxide (Triton X-100) from the intestine of porcine and human.  
Nature of haem receptor is entirely different from albumin, haemopexin, 

glutathione--S-transferase or aggregated haem as proved by a study by Grasbeck et 
al. (1979). Further another study by Trenhunen et al. (1980) showed that haem 
receptor complex had high association as indicated by a dissociation constant of  

10
−6

–10
−7

 mol/L using radioactive ligands (Trenhunen et al. 1980). Haem 

receptor-- mediated uptake by enterocytes in iron deficiency was studied by 
Roberts et al. (1993) in rat enterocytes. It was found that haem absorption 
increased with iron deficiency. It was hypothesized that quantity of haem receptor 
on microvilli of intes-tinal epithelium and binding capacity of haem determined its 
absorption. Haem uptake in rat enterocytes increased with iron deficiency.  

Above data suggests and augments the endocytosis of haem by the mucosa of the 

intestine in metalloporphyrin state through the help of haem receptor. Another the-ory 

explains haem absorption directly through the cell membrane of intestinal mucosal 

cells with the help of transporter. Haem carrier protein-1 (HCP-1) has been identified 

in mammalian intestinal mucosa as haem transporter. Its characterization was done by 

Laftah et al. (2009) in vivo and in vitro studies in CD-1 mice. It was found that HCP-1 

was a proton-coupled folate transporter (PCFT) that had high affinity for folate and 

limited affinity for haem (Laftah et al. 2009).  
HCP-1 was extracted by Shayeghi et al. (2005) from the duodenum by a subtrac-

tive hybridization method. Haem carrier transporter is a temperature-sensitive pro-tein 

responsible for haem transportation across the cell membrane of the intestinal mucosa. 

Haem transportation is analogous to metal-tetracycline transportation in bacteria. It is 

located on brush border surface of the duodenum. It is controlled by hypoxia and iron 

deficiency. Haem is catabolized inside the enterocytes in mam-mals and humans. This 

was demonstrated by Brown et al. (1968). Authors adminis-tered intragastric (Brown 

et al. 1968) dose of radiolabelled haemoglobin to dog. Sample of portal blood was 

collected by Brown et al. (1968) after 3 h. Highest radioactivity was observed in portal 

blood sample by Brown et al. (1968) that 
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contained- non-haem iron. The experiment showed breakdown of haem within 
enterocytes.  

Haem is broken down inside enterocytes with the help of an enzyme. It was 

first of all demonstrated by Weintraub et al. (1968). A molecular weight of 64,000 

Da and kinetic properties of the enzyme pointed to the presence of xanthine 

oxidase located inside the cytoplasm of enterocytes. It was supposed to degrade 

haem iron into the mixture of bilirubin isomers and iron (Dawson et al. 1970). 

Later on, authors (Gray et al. 1972) confirmed through in vivo studies that 

degradation of haem pro-duced exclusively bilirubin IX-α and not the mixture as 

supposed by earlier authors in 1970.  
Further, research by Raffin et al. (1974) argued in favour of the presence of 

haem oxygenase enzyme in mucosal cells. The assumption was based on the 

release of bilirubin IX-α isomer by catabolism of haem through haem oxygenase 

enzyme. It confirmed the earlier study of Gray et al. (1972) which hypothesized 

the release of bilirubin IX-α isomer.  
Another fact that the activity of haem oxygenase is highest in areas of haem 

iron absorption in the duodenum was demonstrated by Conrad et al. (1976). Also, 

iron deficiency in the body correlated with haem iron absorption and haem 

oxygenase activity, whereas xanthine oxidase activity decreased. Haem oxygenase 

is a micro-somal enzyme contained and synthesized in the smooth endoplasmic 

reticulum in hepatocytes. It cleavages haem ring at the alpha-methene bridge 

generating biliver-din IX-α that further undergoes reduction to bilirubin IX-α by 

biliverdin reductase enzyme. Iron in ferrous form is released along with carbon 

monoxide (Tenhunen et al. 1969; Kikuchi et al. 2005; Ryter and Choi 2009).  
Enzyme haem oxygenase-1 is inducible in the presence of inflammation, nitric 

oxide, oxidative stress, iron deficiency in the body and heavy metals like Cd, Co, 

Cr and Cu. Haem iron is catabolized by HO-1 inside the endocytotic vesicle. The 

entire process needs about 2–3 h. Iron is released inside the vesicle and then 

transported to the systemic circulation from the enterocyte. Iron export from inside 

the vesicle within the enterocyte follows the same path as for the non-haem iron 

after its uptake by the intestinal mucosal cell. 
 
 
 

4.5 Iron Transport in Blood Circulation 

 

Iron from the inside of mucosal cells can be exported to the plasma by basolateral 

iron exporter proteins. Ferroportin-1 is a transmembrane protein encoded by 

SLC40A1 gene. It serves as the chief iron exporter protein from mucosal cells and 

hepatocytes. These cells store iron which is released by the lysis of senile RBCs in 

the body.  
Additionally, hephaestin (Vulpe et al. 1999; Ishikawa et al. 1998) is a copper-- 

dependent ceruloplasmin with ferroxidase activity. It facilitates iron export from 
mucosal cells into the circulation. Possibly, it is also involved in the copper 
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-homeostasis in the body (Chen et al. 2006). It is involved in the iron export from 
enterocytes into blood circulation.  

Hepcidin is a 24-amino acid peptide hormone, a key regulator of iron export 

into plasma. It is secreted by hepatocytes and encoded by HAMP gene (Rossi 

2005; Ganz 2003).  
Hepcidin is a main iron regulator. Hepcidin binds with ferroportin-1, which is 

situated on the basolateral surface of enterocytes and cell membranes of macro-

phages (Jordan et al. 2009).  
Hepcidin degrades ferroportin-1, thus antagonizing its action on iron transport 

and ultimately preventing the egress of iron from hepatocytes and macrophages. 

Iron is sequestered into macrophages and hepatocytes. Hepcidin also reduces 

uptake of dietary iron by mucosal cells.  
In inflammation and infection, hepcidin level is raised. Therefore, serum iron level 

falls down, causing anemia. Hepcidin prevents the export of iron in the circulation in 

condition of chronic inflammation like kidney failure and cirrhosis (Ashby et al. 2009).  
Moreover, bioavailability of iron is reduced. Hepcidin synthesis and secretion 

is regulated by hypoxia, inflammation, infection, iron store of the body and rate of 

erythropoiesis. Erythroferrone is a peptide hormone, secreted by erythroblasts. It 

acts on hepatocytes and inhibits the synthesis and secretion of hepcidin; therefore, 

it increases the absorption and bioavailability of iron for erythropoiesis. Iron in 

circulation exists in ferric state that binds to apotransferrin and is circulated in the 

form of transferrin, a chief iron carrier of blood. It helps to deliver iron to cells and 

tissues; also, it prevents its conversion into ferrous state and averts the synthesis of 

free radicals that might injure tissues. In blood circulation, a negligible amount of 

iron remains bound to citrate and albumin. 
 
 
 

4.6 Iron Uptake by Cells 

 

Transport of iron from transferrin to the inside of cells of the body is dependent on 
cytosolic concentration of iron (Harding et al. 1983). It is regulated by transferrin 
receptor-mediated endocytosis that occurs on the surface of the cell membrane.  

Transferrin receptor 1 (TFR-1) is highly sensitive to Fe
3+

 bound to transferrin and 

is ubiquitous in its distribution on the surface of cells, whereas transferrin receptor 

2 (TFR-2) exhibits lesser sensitivity to Fe
3+

 and is exclusively located on the 

surface of hepatocytes. Transferrin, the ligand, attaches to TFR-1 located on the 
cell mem-brane and forms a TF-TFR complex (Herbison et al. 2009; Tortorella 
and Karagiannis 2014). It starts a cellular signal that activates the adapter protein 
complex, a cyto-solic heterotetramer, present inside the cytoplasm of the cell 
(Nakatsu and Ohno 2003; Tortorella et al. 2014).  

It starts sorting of clathrin molecules (Pearse 1976) which are comprised of a 

network of polypeptide chains. There are three heavy chains and three light 

chains, wherein each heavy chain ~190 kDa joins to each light chain, ~25 kDa, 

through its C-terminal (Kirchhausen et al. 2014; Bitsikas et al. 2014). 
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Clathrin triskelions remain floating in the cytosol. These molecules do not link 

the cell membrane directly and, however, attach to adapter protein molecules, 

pres-ent on the interior of the cell membrane that, later on, links with another 

clathrin molecule to form a polyhedral lattice. It stretches and deforms the cell 

membrane to form vesicles. These are called clathrin-coated vesicles that contain 

TF-TFR-1 com-plex and are pinched of and released into the cytoplasm, hence 

resulting in internal-ization of TF-TFR1 complex. This process is called as 

clathrin-coated vesicle endocytosis (McMahon and Boucrot 2011).  
ATP-dependent proton pump operates in the cell membrane of these vesicles. It 

secretes H
+

 ions that lower the pH of the interior of vesicles to pH 5.5. Acidification of 

the clathrin-coated vesicles ensures definite change inside the vesicle. Initially, TF-
TFR-1 complex undergoes conformational change and destabilization of the bond 
between the ligand and receptor. Additionally, acidic medium of vesicles favours the 

release of Fe
+3

 from transferrin. Later on, vesicle membrane-bound oxi-doreductase 

enzyme reduces the Fe
+3

 iron into Fe
+2

 state, and it crosses the mem-brane of vesicle 

and enters the cytosol of the cell. Apotransferrin bound to TFR-1 in vesicles recycles 
to the surface of plasma membrane and enters the circulation and again transports iron 
molecule. Within the cytosol of body cells, iron is translocated to different cytoplasmic 
organelles with the help of a low-molecular-weight carrier that has not been 
elucidated, till date.  

In mitochondria, iron is utilized for biosynthesis of haem. Also, iron is sorted in 
cells as ferritin.  

During iron overload, ferritin is aggregated and engulfed and degraded by lyso-

somes. Hemosiderin is the by-product of lysosomal digestion and is the agglomer-

ate of denatured protein with iron. 
 
 
 

4.7 Regulation ofIron Absorption 

 

Absorption of iron is a thoroughly meticulous and controlled process in humans. It 

serves to uptake and transport dietary iron but checks iron overload in the body. 

Iron absorption is regulated by different pathways in the body. 
 
 
 

4.7.1 Mucosal Block Mechanism 

 

Iron absorption is regulated at the level of intestinal mucosa. Accordingly, absorp-

tion of iron is dependent on the iron store of the body. Depletion of iron store in 

the body is a stimulus for a rise in absorption of iron through the mucosa of gut. 

Conversely, adequate iron store discourages iron absorption. This regulation pre-

vents over-accumulation of iron in the body. It is noteworthy that iron is an 

element with one-way flow in the body (Crosby 1966; Manis and Schachter 1964; 

Conrad et al. 1964). 
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4.7.2 Erythropoietin Stimulus 

 

Iron deficiency in the body results in diminished Hb saturation with oxygen. The 

oxygen-carrying capacity of blood is decreased owing to diminished body iron. 

Kidneys are highly sensitive to hypoxic hypoxia. Juxtaglomerular apparatus 

releases erythropoietin. It signals to increase iron absorption at mucosa level 

(Delorme et al. 1992; Dudrick et al. 1985; Eschbach et al. 1987). 
 
 
 

4.7.3 Ferritin–Transferrin Receptor Translational Control 

 

Iron overload in the body increases ferritin synthesis by mRNA transcription and 

translation for ferritin. So it stores iron in the body. But transferrin receptor 

synthe-sis is aborted through degradation of mRNA for transferrin receptor. It 

inhibits uptake of iron. 
 
 
 

4.7.4 Hepcidin Level 

 

DMT-1, a metal ion carrier, and ferroportin help in absorption of iron. Synthesis 

of these two proteins is regulated by another protein called hepcidin. It is produced 

in the liver. In high iron load in the body, hepcidin level falls down, in turn 

decreasing the synthesis of ferroportin and curtailing iron absorption (Ganz and 

Nemeth 2012; Jordon et al. 2012; Pak et al. 2006).  
Conclusively, different proteins regulated the iron absorption through the 

mucosa. 
 
 
 

4.8 Role of Iron in the Growth and Development of Children 

 

Term infants have adequate iron store that may be necessary for the growth and 

development in the coming 3–4 months of life. However, iron deficiency during 

infancy would have persistent unfavourable effects on the structure and 

functioning of the central nervous system. Iron store for adequate brain iron is vital 

during 0–12 months postnatal life. Extensive research has been undertaken in the 

past on human and animal models describing the consequences of iron deficiency 

on the changes in myelination of neurons in white matter, altered biosynthesis of 

iron-- dependent neurohormones in the brain and their impaired functioning and 

altered functioning of the hippocampus (Todorich et al. 2009).  
Oligodendrocytes are iron-rich cells in the central nervous system. These cells 

are profoundly located in white matter tracts and are focused around cell bodies. 
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Iron deficiency due to any cause results in iron depletion in oligodendrocytes. 

Inadequate iron in the body leads to premature death of oligodendrocytes and 

affects the myelin synthesis (Connor and Menzies 1996). Gratuitous impact of 

iron defi-ciency on the growth of CNS resists immediate recovery even after the 

start of iron supplements and persists for a longer period in the life. Study on 

rodents (Connor and Menzies 1996) exhibits the long-lasting effects of iron 

deficiency during gesta-tion and lactation which continued till adulthood period 

notwithstanding the reple-tion of iron store. 
 
 

 

4.8.1 Hypotheses for Iron Deficiency-Induced Harmful 

Effects on Neurodevelopment 
 
 
 
Infancy, early preschool age and puberty are the periods of rapid growth in the 

body. The requirement for micronutrients is high during these periods. 

Endogenous iron store of the body is exhausted, thereby setting a stage for iron 

deficiency between 6 and 24 months of postnatal life, wherein rapid 

neurodevelopment requires high brain iron (Rao and Georgieff 2007).  
Iron deficiency during 0–3 years of life alters the morphology, physiology and 

bioenergetics of CNS. Iron deficiency either in intrauterine life and/or early 

postna-tal life, contrarily, influences the neurogenesis and differentiation of brain 

regions. Studies on rats indicate an alteration in the structure of the hippocampus 

and stria-tum in iron deficiency state. Study was done by Rao et al. (2003) on rats 

to detect a cause for an injury in the hippocampus during perinatal iron deficiency.  
A significant change in the concentration of neurochemicals like phosphocre-atine, 

N-acetylaspartate, glutamate, γ-aminobutyric acid, aspartate, phosphoryletha-nolamine 

and taurine was detected in the hippocampus of iron-deficient rats. These 

neurohormones might alter resting membrane potential, transmission of nerve impulse 

and myelination in perinatal iron deficiency (Rao et al. 2003).  
Second hypothesis concerning the effect of iron deficiency on 

neurodevelopment is the functioning of oligodendrocytes in the brain. These are 

the myelinating cells of CNS. These form myelin sheath over the axons in white 

matter. Iron is an essen-tial cofactor in the process of myelination. Nonetheless, 

the precise role of iron in the working of oligodendrocytes is yet to be discovered. 

Myelin is a lipoprotein. Iron might regulate the transcriptional and/or translational 

processes (Ortiz et al. 2004). In their study on iron-deficient animal models, 

hypomyelination was observed characterized by depletion of protein and lipid in 

myelin composition. Overall, content and compaction of myelin were affected in 

white matter of the brain.  
These changes remain persistent in life and effect adult life. It was observed by 

Corapci et al. (2006) in their study on Costa Rican children aging 5. Children who 

were iron deficient in infancy had comparatively poor physical activity and poor 

ability to verbalization at the age of 5 years irrespective of the iron supplements 
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which corrected their iron deficiency during infancy. Study shows that the effect 

of iron deficiency in infancy persisted in the form of poor cognition and low level 

of motor ability during school age.  
Still another hypothesis explaining the role of iron deficiency on neurodevelop-

ment is the alteration in the metabolism of monoamines in CNS.  
Workers (Beard 2003) examined the level of brain iron, dopamine transporter 

and dopamine receptors in rats in infancy. Reduction in the level of D2 receptors 

and brain iron in nucleus accumbens and striatum was observed in iron-deficient 

rats at the 14th day of postnatal life. Density of dopamine transporter also reduced 

to half in the nucleus accumbens of iron-deficient rats. Dopamine and norepineph-

rine are mainly concerned with the psychomotor activity, learning, memory and 

sleep cycles. Dopaminergic neurons in the nigrostriatal tract and mesolimbic path-

ways as well as the noradrenergic neurons in the midbrain regulate most of the 

psychomotor activities.  
Alteration in biosynthesis, secretion and/or catabolism of these neurohormones 

is responsible for impaired cognitive, motor and sociobehavioural pattern in chil-

dren. However, evidences for alterations in dopamine or norepinephrine level in 

humans are limited.  
Researchers (Voorhess et al. 1975) analysed urine samples of 11 iron-deficient 

children and detected high levels of norepinephrine, epinephrine and dopamine 

which normalized after intramuscular iron therapy. Activity of monoamine 

oxidase is dependent on brain iron level. Inadequate brain iron level inactivates 

MOA which is responsible for degradation of monoamines in the body. It might 

be the cause of high secretion of catecholamines in the urine.  
Additional hypothesis related with the effect of iron deficiency on the neurode-

velopment is the altered brain bioenergetics. The brain is a highly sensitive organ to 

partial pressure of oxygen. It is solely dependent on available glucose in circulation for 

biosynthesis of ATP through glucose oxidation. De Deungria et al. (2000) stud-ied the 

activity of enzyme in the brain responsible for bioenergetics through utiliza-tion of 

glucose. Cytochrome c oxidase is a haem-conjugated enzyme. It is the terminal 

enzyme in the electron transport chain in mitochondria responsible for ATP synthesis 

by oxidative phosphorylation. Activity of cytochrome c oxidase is mainly dependent 

on iron content of circulation; hence, in iron-deficient state, brain iron distribution is 

restricted, which further diminishes activity of cytochrome c oxidase in brain areas. It 

was observed that its activity decreased in subareas of the hippo-campus, dentate 

gyrus, piriform cortex, medial dorsal thalamic nucleus and cingu-late cortex. These 

areas of the brain are mainly linked with higher cognitive functions and memory. 

Therefore, disrupted energy balance in highly sensitive areas of the brain in infancy 

results in impaired cognitive development. 
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Chapter 5 

Aetiology of Iron Deficiency in Children 
 
 
 
 
 
 

 

Abstract Iron deficiency is the commonest nutritional deficiency disorder preva-

lent worldwide. It is the main cause of anemia during pregnancy and lactation 

among women and infancy and preschool age in children. In the developing coun-

tries, the prevalence is usually highest in infants and preschool-aged children, 

whereas in developed countries, iron deficiency and IDA are observed among 

women owing to higher physiological need of elemental iron during pregnancy, 

lactation and menstrual cycles. Chief aetiology of iron deficiency and IDA in poor 

population in villages, remote settings and slum dwellers is the low dietary iron 

intake.  
Loss of blood from gastrointestinal mucosa is ascribed to the presence of anal 

fissure. It is a common cause of anemia in infants. Helicobacter pylori is responsi-

ble for primary gastritis in children and leads to nutritional anemia. Hookworm 

infection is the globally prevalent predisposing factor of iron deficiency and IDA 

among preschool children. Chronic haemorrhage is another sequel of helminthic 

infestation in children. Hookworms result in chronic intestinal loss of blood and 

anemia. Severe malarial anemia is the malarial infliction in childhood 

characterized by an intense reduction in HB concentrations <5 g/dl.  
Environmental enteropathy is an inflammatory condition of the intestinal 

mucosa prevalent in population residing in crowded places and among those 

individuals who adopt poor hygiene and improper sanitation practices. 

Environmental enter-opathy is associated with increased epithelial permeability, 

poor absorption and defunct localized immunity of GIT. This condition decreases 

the absorption of vita-min B12, folate and iron from the dietary food by the 

intestinal mucosa. These micronutrients are necessary for haemoglobin synthesis 
and erythropoiesis in bone marrow. Malabsorption syndrome could be a reason for 

iron deficiency with or without anemia. Coeliac disease is an autoimmune disorder 
of the mucosa of the small intestine. Its prevalence is observed in individuals of all 

ages from infants to old age persons. Children suffers from diarrhoea, anorexia, 
abdominal discomfort and weight loss. Geophagy is the habit of eating inedible 

substances like chalk, soil, clay and pencil. These are passed into the stool 
unchanged. These unnatural sub-stances do not provide any energy to the body. 

Clay particles may have the tendency to withhold dietary iron in complexes. So it 
is unavailable for absorption in intesti-nal lumen. Ingested soil particles may 

damage intestinal mucosa resulting in impaired absorptive capacity. 
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5.1 Introduction 

 

Highly prevalent dietary deficiency disorder is the iron deficiency and IDA which 

are frequently observed among women, infants and preschool-aged children. Iron 

deficiency is pandemic in its distribution and is the exclusive dietary inadequacy 

found among women in developed nations as well as among infants, preschool-

aged children and women in developing nations. Onset of puberty among girls is a 

pre-disposition towards higher need of elemental iron. Further, consistent growth 

during infancy and among under-5 aged children imposes additional iron demand 

which is to be fulfilled through diet rich in iron. Failure to enrich body iron store 

by dietary iron is one of the causes of iron deficiency and IDA in preschool 

children (De Macyer and Adiels-Tegman 1985).  
Additionally, iron deficiency anemia in underprivileged population coexists 

with nutritional disorders like protein/energy malnutrition, vitamin A deficiency, 

folate deficiency and infection (Florentino and Guirriec 1984; Fleming 1982; 

Masawe 1981; Lechner and Raja 1984).  
In tropical regions of the world, parasitic infections and haemoglobinopathy are 

frequently prevalent. In the developed countries, iron deficiency is the main nutri-

tional health problem. Environmental factors, food availability and medical facility are 

the intervening factors that decide the prevailing disorder in any country of the world 

(UNICEF 1995; Nazir et al. 2011; Ubino and Ijaz 2010; CDC 2011a).  
Adequate dietary constituents, macronutrients and micronutrients maintain 

nutritional status of the body. Iron deficiency affects infants and preschool-aged 

children severely. Reduction of daily supply of dietary iron, exaggerated iron loss 

from body in the form of diarrhoea and occult blood and increased physiological 

demand for iron are responsible for iron deficiency among infants and preschool-- 

aged children. Moreover, iron deficiency aggravates in case of a preterm baby 

(Olivares et al. 1999).  
Milk is a poor source of iron (Cashman 2006). A diet purely based on milk is not 

advisable to supply iron to infants and preschool children. Infants who are provided 

cow milk early in life are more vulnerable to iron deficiency and IDA. Iron in cow 

milk is poorly absorbed (Leung and Sauve 2003; Fomon 2001). Formula-fed infants, 

who are not enriched with iron supplements, have comparatively higher probability of 

IDA. Further, iron deficiency among infants is amplified in case infants have 

premature birth and have low weight. These physiological conditions are associated 

with low iron store of body (Rao and Georgieff 2010).  
It has been observed by workers that majority of infants who are born prema-

turely have comparatively higher tendency for iron deficiency and IDA (Halliday 

et al. 1984; Lundstorm et al. 1977; Borigato and Martinez 1998; Dauncey et al. 

1978). Full-term infants have adequate body iron store, and deprivation of supple-

mentary foods to full-term term infants results in iron deficiency between 6 and 12 

months. Contrarily, natural body iron store in preterm infants is deficient at the 

time of birth, and iron deficiency in preterm infants appears earlier (Iwai et al. 

1986; Franz et al. 2000). 
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After age of 5, children‘s diet is diversified. It lessens the burden of iron defi-

ciency. School-aged children have comparatively lesser demand for iron owing to 

decreased body growth (Mayo Clinic 2016).  
Decreased dietary iron supply, increased iron loss from the body and decreased 

iron bioavailability in the body compromise the iron pool of body and 

bioavailabil-ity of iron to tissues. It results in latent iron deficiency (LID). It is 

also called as iron-deficient erythropoiesis (Yehuda and Mostofsky 2010). This is 

regarded as a condition in which iron deficiency persists in the body without the 

presence of ane-mia. Latent iron deficiency has a diagnostic value. It is an 

indication that the person with LID will develop anemia in the near future when 

the iron deficiency is not corrected by appropriate iron supplements. Latent iron 

deficiency manifests in three stages. In stage 1, there is a reduction in the iron 

level in the bone marrow. Haemoglobin level and iron in serum are normal.  
This condition results in compensatory increase in the iron absorption and 

serum transferrin level. Iron-binding capacity rises and serum ferritin 

concentration drops down. In stage 2, serum iron and transferrin saturation are 

decreased. Consequently, erythropoiesis is decreased. In this stage, serum iron 

level sinks to below 50 μg/dL, and transferrin saturation is below 16%. In stage 3, 

haemoglobin level is decreased, which manifests as anemia. In peripheral blood 

smear, erythrocytes appear normal in size and shape. Further, stage 4 is 

characterized by microcytic and hypochromic erythrocytes (Lichtin 2016). In the 

last stage, body tissues are negatively affected as a sequel of iron deficiency. 

Therefore, stage 1 and 2 are characterized by reduction of iron store of the body.  
Concentration of serum transferrin receptor (TfR) increases, and it is followed 

by an increase in free erythrocyte protoporphyrin (FEP) coupled with a decline in 

transferrin saturation (Sat). It has been assessed by Olivares et al. (1999) that all 

these factors are indicative of early fall in haemoglobin concentration. If iron defi-

ciency continues, it perpetuates into iron deficiency anemia.  
Amount of iron absorption from dietary sources is variable and dependent on 

multiple factors. Quantity of iron in the foods is the prime factor. Iron-rich foods 

provide, comparatively, higher amount of iron to the body unlike foods deficient 

of iron. Another factor is the form of iron, whether ferrous or ferric, present in the 

dietary foods. The form of iron determines its solubility and rate of absorption in 

the gut. The last factor is the concomitant presence of iron absorption inhibitors 

and/or enhancers in the foods (Charlton and Bothwell 1983; Olivares et al. 1993).  
Forms of iron as haem iron and non-haem iron have different rates of absorption 

from the mucosa of the small intestine. Population who rely predominantly on the non-

vegetarian diet has lesser chances of developing iron deficiency and IDA (Olivares et 

al. 1999). Term infants are protected from iron deficiency by their endowment at birth 

and iron present in breast milk which is provided to infants in the first half of infancy 

(Arvas et al. 2000; Raj et al. 2008; WHO 2001; ACP 1997).  
Absorption of iron from milk is rapid and underlying mechanism is uncertain 

(Bhatia 2007; Kleinman 2004). Awareness among population in developed nations has 

led to the widespread use of iron-enriched formula-fed and a continuous use of iron-

rich supplementary foods during weaning periods. These dietary practices have 
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reduced the incidence of iron deficiency among infants (Olivares et al. 1999; 
Yeung 2016; Rees et al. 1985; Rees et al. 1985).  

According to workers (Olivares et al. 1999), it is customary to nourish infants 

and children with cereal- and legume-based supplementary foods in developing 

nations. These dietary foods contain high quantity of inhibitors like phytic acid 

which hinder the absorption of iron. According to workers (Olivares et al. 1999; 

Badamosi et al. 1995), it was found that children in school age are provided with 

staple foods like wheat, potato, corn and/or rice. It is the practice throughout the 

world. As a consequence, children in school-age group suffer from iron deficiency 

anemia.  
It has been observed by Suharno et al. (1993) that vitamin A deficiency and 

nutri-tional anemia, generally, occur together. Workers have documented a strong 

correla-tion between retinol plasma concentration and iron deficiency anemia in 

preschool-aged children (Suharno et al. 1993). It is customary to feed infants in 

their first half of infancy on cow milk in some portions of world. This practice, if 

continued for a prolonged period, may result in damage of mucosa of the small 

intestine of infants. It is the chief cause of occult bleeding (Ziegler et al. 1990; 

Walter et al. 1990, Jiang et al. 2000; Axelsson II et al. 1999; Jiang et al. 2000). 

Allergy to cow milk is a common cause of damage to the gut mucosa due to IgE-- 

mediated immunity against cow milk protein (Vandenplans et al. 2007; Host 2002, 

Hill et al. 1986a; Harvey et al. 2014).  
Loss of blood from GIT is mainly caused by anal fissure in infants. It is respon-

sible for iron deficiency anemia. It may result in blood--stained stool and/or blood 

spots in the undergarments of infants. It is the manifestation of apparent neonatal 

milk protein allergy. Ductus arteriosus in intrauterine life links pulmonary artery 

to descending aorta. It is an important passage for the entry of deoxygenated blood 

into the placenta via the descending aorta and arteries in the umbilical cord. Its 

persistence in neonates is considered as an abnormality. Indomethacin, a nonste-

roidal anti-inflammatory drug, is used for patent ductus arteriosus in postnatal life. 

The drug helps in the closure of patent ductus arteriosus. It acts by blocking the 

cyclooxygenase enzyme and inhibits prostaglandin synthesis. However, drug in 

neonates might predispose to GIT bleeding. Indomethacin is responsible for vaso-

constriction and platelet dysfunction (Mehta et al. 2003).  
Helicobacter pylori is responsible for primary gastritis in children. It is the fre-

quent cause of gastritis (Hill et al. 1986b; Rowland et al. 2004; Wolfrom 2016).  
In tropics, parasitic infestation is another common cause for blood loss from the 

gut which may predispose to iron deficiency anemia. Necator americanus and 

Ancylostoma duodenale are common endoparasites responsible for mucosa dam-

age, blood loss, and iron deficiency anemia. It has been assessed by workers 

(Baker 1981; Stolzfus et al. 1997a; Roche and Layrisse 1966; CDC 2014; NHS 

2015) that amount of loss of blood from the gut is linked directly to the damage 

and number of parasites in the gut lumen.  
Schistosomiasis is another common cause of haematuria. It is a predisposing fac-tor 

for IDA (Prual et al. 1992; CDC 2014; NHS 2015). Acute or chronic inflamma-tory 

disorders might be implicated in the pathogenesis of nutritional anemia in 
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preschool children (Yip and Dallman 1988; Inoue et al. 2016; Agarwal and Prchal 
2009).  

Reduced haemoglobin is attributed to interference in iron release from the 

reticu-loendothelial system and a reduction in intestinal absorption of iron. Iron 

inade-quacy in the body results in reduced iron availability for erythropoiesis, 

inhibition of erythropoiesis, inappropriate erythropoietin production and reduction 

of erythro-cyte survival. Immunoactivation releases cytokines that are mainly 

responsible for the changes on iron metabolism, inhibition of erythropoiesis and 

lower erythropoi-etin production observed in inflammation or infection (Means 

and Krantz 1992). Acute infections are very frequent in childhood, especially in 

subjects of low socio-- economic strata of developing countries. Even mild 

infections that do not warrant medical consultation induce a significant decrease in 

Hb, Fe and TIBC (Olivares et al. 1989).  
Multiple laboratory tests for detection of iron status are necessary to reach a 

proper diagnosis. Widespread infections in endemic areas might interfere with the 

laboratory tests employed for screening of anemia. In case of rampant infections, 

laboratory tests, according to workers (Ferguson et al. 1992; Olivares et al. 1995; 

Cook et al. 1993; Joosten et al. 2002; Punnonen et al. 1997), may not determine 

the accurate prevalence of nutritional anemia in the population in inflicted with 

infec-tion. In such conditions, TfR assay can be beneficially used to assay the iron 

status of population. According to Olevares et al. (1999) and Jansonn et al. (1986), 

either acute or chronic infection does not influence the TfR estimation. 
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Iron deficiency anemia (IDA) is affecting the lives of more than one billion people 

in the world. It is more prevalent in population afflicted with poverty, illiteracy 

and inaccessible medical facility. This scenario is widespread in rural areas and 

slum areas, especially in developing countries (Gupta 2015a, b).  
Helminthic infestation is another consequence of illiteracy and ignorance 

towards hygiene and sanitation. Children in young age and preschool-age group 

are suscep-tible to parasitic infestation owing to poor personal hygiene practices. 

Children become weak, emaciated and anaemic (Odebunmi et al. 2007; Cappello 

2004; Sorensen et al. 2011). Soil-transmitted helminthic infections account for 

high dis-ease burden in tropical countries and constitute around 40% of the major 

diseases affecting children in tropical nations apart from Plasmodium-induced 

infection (Cappello 2004).  
According to Odebunmi et al. (2007), susceptibility of preschool children to 

parasitic infections is due to immature immunity in comparison to grown-up indi-

viduals and poor hygiene and sanitary which favour the growth of endoparasites 

inside body of hosts. Iron deficiency anemia frequently manifests in round worm 

and tapeworm infections. Anemia is a secondary manifestation due to associated 
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symptoms developed in worm-infested children. Children develop anorexia, diar-
rhoea and frequent episodes of upper respiratory infections.  

Chronic haemorrhage is another sequel of helminth infestation in children. 

Hookworms result in chronic intestinal loss of blood and anemia. Authors (Hotez 

and Molyneux 2008) reported a blood loss of about 1/5th of a millilitre (Hotez and 

Molyneux 2008) per day due to hookworm infection in children.  
Hookworm infection is acquired through the use of soil-contaminated edibles, 

utensils and/or following unhygienic practices. Children as well adults could get 

infected when they walk barefoot in soil contaminated with larvae. So it is a soil-- 

transmitted helminthiasis. It is a disease thriving in tropical and subtropical regions 

of the world, because of the humid and hot climate in these countries that protect 

and nourish the parasites. Ancylostomiasis is the predominant cause of iron defi-

ciency anemia in preschool children (CDC 2011b; Haburchak et al. 2016; de Siva 

et al. 2003; Hotez et al. 2004).  
Hookworms are smaller than round worms. They inflict more injury to intestinal 

walls than causing physical obstruction. Hookworm infection causes chronic haem-

orrhagic anemia and loss of body iron and protein owing to persistent injury in the 

intestinal wall. Blood loss is not noticeable in stools. Hookworm infection affects 

preschool children and pregnant women, globally (Brooker et al. 1999).  
It is the main cause of child morbidity resulting in impaired intellectual, cogni-

tive and growth potential (Chan 1997; Bleakley 2003). In women, it could lead to 

premature birth of babies. These features are common in population in developing 

countries. However, in developed countries, according to Haburchak et al. (2014), 

hookworm infection is hardly ever fatal, but it definitely causes iron deficiency 

ane-mia in preschool children and pregnant ladies. Helminthic infection in 

children under age of 5 years affects the academic performance of children and 

has a nega-tive consequence on the economic health of children in the future 

(Miguel and Kremer 2003). Worm infections are the predisposing factors for 

secondary infec-tions like AIDS, malaria and/or acute upper respiratory infection 

(Finchman et al. 2003; Le Hesran et al. 2004; Horton 2003).  
Iron deficiency anemia caused by hookworm infection affects nearly one 

billion people in tropical and subtropical countries (Harhay et al. 2010; Milman 

2011; WHO 2005). According to Roche and layrisse (1966), hookworms injure 

wall of the intestine. They feed on the blood from capillaries. Adult hookworm 

infestation of intestinal mucosa is responsible for nearly 0.2 ml blood loss per day. 

According to authors (Foy and Kondi 1960), blood losses on account of 

hookworm infection depend on the worm load in the intestine. Authors reported a 

blood loss of 180 ml per day for a worm load of 834 Ancylostoma duodenale in 

the body. Authors posited that such a heavy blood loss stimulates bone marrow 

activity and in turn leads to enhanced iron absorption from diet by the intestinal 

mucosa. However, this -compensatory mechanism of the body could not replenish 

depleted iron store of the body and, according to authors, might progress into iron 

deficiency anemia in chil-dren. According to Tasker (1961), blood loss varies 

from 2 to 90 ml and relies on worm load. 
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Ancylostoma duodenale harbours proximal part of small intestine, whereas 

asca-ris is an enodoparasite of the entire small intestine small, and trichuris is a 

parasite in the large intestine. Infection occurs by ingestion of developed eggs of 

ancylos-toma and trichuris (Crompton 2001). Chronic ancylostomiasis has severe 

repercus-sion on physical and mental health of preschool children. According to 

Yu and Shen (1990), retarded growth, anemia and malnutrition are common in 

children. Worm infection has been noted in neonates. Transmission occurs 

through suckling of breast milk. It resulted in intense haemorrhage from the 

intestine of neonates which could be life threatening.  
Warmth and moisture hasten the development of larva in soil (Brooker et al. 

2006; Brooker and Michael 2000). Hookworms secrete anticoagulant that 

facilitates bleeding from the gut mucosa. The feeding mechanism of hookworms is 

analogous to other blood-sucking parasites on human body like leeches and ticks. 

The authors (Cappello et al. 1993) identified anticoagulant activity in the secretory 

products of hookworms.  
Exact chemical nature of these anticoagulants had not been ascertained. 

Moreover, these parasites have an effective mechanism that interferes with the 

host clotting system. Cappello et al. (1993) reported an anticoagulant in the 

secretion of adult Ancylostoma caninum that is capable of inhibiting human 

clotting factor Xa. High prevalence of infection by Trichuris and Ascaris has 

detinfections have beei-mental consequence on the health of children.  
The authors (Le et al. 2007) depicted in their study, high prevalence of Trichuris 

infection among school children in Vietnam. These children had almost twice the 

probability of anemia as per authors. But anemia was not as a consequence of iron 

deficiency and concluded by the authors that the association requires an intensive 

study to explore the correlation between Trichuris infection and anemia.  
Another study was performed by Kaminsky et al. (2015). The authors observed 

more than 50% of the trichuris infection in children in age group between 2 and 12 

years. Further, the authors insisted that children belonged to poor families. 

According to Kaminsky et al. (2015), all children in above age range were 

detected to have chronic infection and suffered episodes of dysentery frequently. 

Children had Hb concentration below 11 g/100 ml and were severely stunted 

(Kaminsky et al. 2015).  
Parasitic infection and its sequela in the form of anemia, malnutrition and stunt-ing  

are a common scenario and public health problem in the children especially in age  
group in between 2 and 5 years in developing nations. A study by Tsuyuoka et al.  
(1999) was conducted on school children in Northeast Brazil. The authors observed  
around 42% intestinal parasitic prevalence in children in age below 8 years. Infection  
by Ascaris predominated among intestinal parasites. Poor envi-ronmental factors like  
unacceptable sanitation and poor personal hygiene were associated with parasitic  
infection in children. The authors commented that parasitic- infection was not followed  
by anemia; however, the nutritional status of children was severely compromised with  
stunting as the main negative health indicator.  

In a study by Osazuwa et al. (2011) in rural areas of Edo state, Nigeria, it was 
found that ascariasis was the highly prevalent helminthic infection in children. 
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These children were malnourished. As per authors (Osazuwa et al. 2011), anemia 

was present in 38.6% of the children, and anemia in worm-infected children was 

significantly related to ascaris and hookworm infection. This descriptive study 

clearly delineates the interrelationship among helminthic infection, anemia and 

malnutrition. It is always an interplay among factors, wherein a cause resulted in 

an effect, which in turn precipitates the cause. Helminthic infection weakens the 

chil-dren as manifested in terms of stunting, underweight, wasting and anemia; 

hence, compromised immune response of children hastens exposure and 

expression of infection in the body.  
Malaria and helminthic infestation are the main public health problems 

affecting preschool and school-aged children in sub-Saharan Africa (Adegnika and 

Kremsner 2012). Population residing in tropical and subtropical regions of the 

world is living in hot and humid conditions. In these areas, intestinal parasitic 

infections are com-mon in children. Plasmodium falciparum infection causing 

malaria is another health hazard responsible for high child morbidity. Coexistence 

of helminth infection and malaria in children is responsible for high burden of 

diseases (Snow et al. 2005). Plasmodium parasite and soil-transmitted helminth 

together are the major public health problem among children (Brooker et al. 2012; 

Pullan et al. 2011; Mazigo et al. 2010).  
Malarial fever in sub-Saharan Africa is associated with high mortality in chil-dren. 

Helminth infection is not as fatal as malaria but has high morbidity in children (Hotez 

and Kamath 2009). Nematodes, cestodes and trematodes contribute to hel-minth 

infection in children. However, distribution of helminth infection is largely determined 

by immunity of host and environmental factors like sanitation, hygiene, drinking water 

and hand wash practice (Brooker and Clements 2009).  
Poverty, lack of medical facility, defaecation in the open, poor hygiene, 

contami-nated drinking water and malnutrition individually and collectively affect 

the preva-lence of helminth infection in children (Booth 2006). Plasmodium 

falciparum infection and helminth infection have common predisposing factors 

(Adedoja et al. 2015; Brooker and Clements 2009; Booth 2006; Ouf et al. 2012).  
Co-endemic existence of Plasmodium parasitic infection and soil-transmitted 

helminthic infection in children, especially in developing countries, is inundated with 

similar environmental and geographical conditions and is associated with ane-mia, 

diarrhoea and malnutrition (Naing et al. 2013; Snow et al. 2005). Further, these 

infections have similar distribution pattern in tropical and subtropical regions of the 

world. Widespread consequence of this coinfection is the iron deficiency and iron 

deficiency anemia in preschool and school-aged children (Naing et al. 2013).  
Iron deficiency anemia as a coexistence of malarial and of helminth infections in 

children is, additionally, worsened when dietary intake is inadequate and poor in 

quality with low iron and folic acid as in staple foods like rice, maize and cassava.  
Worms feed on the digested food present in the intestinal lumen of children, like 

tapeworm and also injure and feed on the capillary blood, as hookworm. Weight of 

children is reduced. Absorption of minerals is affected. Metabolism is perturbed. Child 

growth and development are severely obstructed (Papier et al. 2014). 
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Hookworm infection is responsible for persistent blood loss from the body of 

children and critically ruins the physical, mental and cognitive health of preschool 

children (Miller 1966). According to Lwambo et al. (1992), a number of worms 

are linked to haemoglobin concentration in patients. Large number of 

endoparasites in lumen of the small intestine can deviate the normal absorptive 

process and, hence, are responsible for lowering of Hb conc. below 11 g/dl.  
However, the authors suggest that the generalization is not absolutely true. The 

type of species of worm is also accountable for blood loss from injured intestinal 

mucosa. Ancylostoma duodenale is more injurious than N. americanus, and hence, 

the blood loss is comparatively more in case of A. duodenale (Hotez et al. 2004; 

Albonica et al. 1998; Miller 1966).  
Soil-transmitted helminthic infection is responsible for high disease burden in 

children and pregnant women. Hookworm infection is a potential threat to the 

health of children and women in pregnancy. There are enough evidences provided 

by workers to support the hypothesis. According to the work by Stolzfus et al. 

(1997b), Navitsky et al. (1998) and Christian et al. (2004) in Africa and Asia, it 

was proved that large proportion of moderate to severe anemia was prevalent in 

pregnant women and was caused by hookworm infestation. Intervention studies by 

Brooker et al. (1999) posited that administration of antihelminthic drugs during 

pregnancy has profound positive effect on health of mothers and children.  
The attempt resulted in increase of Hb level of pregnant women and birth 

weight of infants. According to Bethony et al. (2006), hookworm infection is 

responsible for severe anemia in preschool children. The anemia resembles to that 

caused by iron deficiency. Other clinical manifestations of hookworm infection 

are similar to that of iron deficiency anemia in children.  
Despite health hazards of hookworm infection in children, a little is known 

about the mechanism which hookworms undertake to inhabit in intestine and 

modify the local and systemic immunity of the host. In the body of the host, 

helminth exposure-- related immunity does not develop. Hookworm infection 

should be crucially reck-oned for the health of preschool children. As stated by 

Loukas et al. (2005), vaccination of children in preschool and school age against 

the hookworms infec-tion is the novel approach to end the deadly menace of this 

soil-transmitted endo-parasite. Further, they stated that gene sequencing has been 

done for more than 10,000 hookworms which has provided cDNA sequences. It 

would be possible to develop an efficient and cost-effective vaccine against 

hookworm infections in the near future (Diemart et al. 2008; Loukas et al. 2006).  
Soil-transmitted helminthic infestation is fatal in terms of malnutrition, iron defi-

ciency anemia, poor cognitive development, and compromised immunity. Infection is 

rarely life threatening. Moreover, burden of disease hinges on the chronic blood loss 

from the intestinal wall leading to iron deficiency anemia. Heavy hookworm 

population in the alimentary canal of a child depletes the iron store of the body and 

according to Hotez et al. (2005) is called as hookworm disease.  
Further, Stoltzfus et al. (2004a) conducted a placebo-controlled, randomized and 

double-blind trial using 10 mg of iron per day and (Stoltzfus et al. 2004b) antihel-

minthic drug, mebendazole in a dose of 500 mg (Stoltzfus et al. 2004a) once in 
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3 months time period over 459 Zanzibari children in age group of 6–71 months. It 

was concluded (Stoltzfus et al. 2004b) that iron alone could not improve anaemic 

condition of children. However, after administration of antihelminthic drug, 

overall improvement in wasting and anemia was observed. According to Stoltzfus 

et al. (2004a), helminthic infection progressed into malnutrition and anemia and 

affected the protein metabolism in the body of children.  
Ancylostoma duodenale, adult worm, secretes biologically active peptides that 

enable worm to feed on blood. One such anticoagulant is the serine protease 

inhibi-tor. It inhibits the clotting factor Xa. Adult hookworms secrete 

pharmacologically active peptides that facilitate blood feeding. According to 

Harrison et al. (2002), most potent are novel serine protease inhibitors that 

anticoagulate blood by inhibi-tion of factor Xa.  
Another anticoagulant (Lee and Vlasuk 2003) secreted by hookworm is nema-

tode anticoagulant protein c2 (NAPc2). This factor inhibits factor VIIa/tissue 

factor. It is a powerful factor. It has high affinity to activated factor X. 

Ancylostoma secretes a factor, according to Del Valle et al. (2003), that is 

responsible for inhibition of platelet aggregation. This platelet inhibitor attaches to 

surface receptors, glycopro-tein Iib/IIIa and GPIa/Iia.  
Hookworm disease manifests as iron deficiency anemia and protein energy mal-

nutrition owing to heavy hookworm load in the body. Iron deficiency anemia associ-

ated with hookworm disease is microcytic and hypochromic (Beaver et al. 1984).  
Cutting organs of hookworm help it invade deeper into the mucosa and submu-

cosa of the intestine. Adult worm penetrates its anterior end of the body deeper 

into the tissues of the mucosa and sucks blood from capillaries. Anterior glands of 

para-sites secrete protease and anticoagulants which the parasites release to digest 

the host body wall. Endoparasites are endowed with teeth in A. duodenale and 

cutting plates in case of N. americanus parasite. These armed structures of parasite 

enable it to anchor itself to host body wall (Loukas and Prociv 2001; Cappello et 

al. 1995; Atoda et al. 1991). It damages capillaries. Anticoagulants secreted by 

hookworm maintain oozing of blood at the point of worm attachment on the wall. 

Liberated blood enters the alimentary canal of hookworm. Red blood cells are 

broken down inside its alimentary canal. Released Hb is digested with the help of 

metallo-- haemoglobinases. A few RBC remain intact and pass out of the gut of 

parasite. The attachment of hookworms‘ cutting organs to the intestinal mucosa 

and submucosa and the subsequent rupture of intestinal capillaries and arterioles 

cause blood loss. The secretion of factor Xa and VIIa/TF inhibitors and antiplatelet 

agents by the parasite helps to maintain continuous oozing of blood at the 

hookworm attachment site and the free flow of blood through the parasite 

alimentary canal (Williamson et al. 2003; Ledizet et al. 2005; Loukas and Prociv 

2001; Cappello et al. 1995; Atoda et al. 1991). 
 

Blood loss in a Ancylostoma duodenale infection is the chief and long-term 

mor-bidity in the body of preschool children. Chronic and persistence oozing of 

minute droplets of blood for prolonged periods might terminate into iron 

deficiency anemia (Albonico et al. 1998). 
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Chronic blood loss causes haemorrhagic anemia, and it resembles to that of 

per-nicious anemia Suarez (1931). Hookworm population (Stoltzfus et al. 1997a) 

of 40–160 worms in the gut is responsible for iron deficiency anemia. It further 

depends on the iron store of the host body (Stoltzfus et al. 1997b).  
Trichuris trichiura infection is heavy and alarming in rural population in devel-

oping world affecting about 1049 million population (Ramdath et al. 1995). High 

burden of infection by Trichuris results into stunting, anemia and dysentery in 

chil-dren. High-intensity infection causes lesions in colon, blood loss and 

malnutrition. These manifestations are the consequence of chronic infestation of 

worm in the body (Stephensom et al. 2000).  
Ascaris lumbricoides- and T. trichiura-induced infections are highly prevalent 

in children in age group between 10 and 15 years. Intensity of infection declines 

with advancing age. According to Galvani (2005), acquired immunity towards 

same anti-gen from same species in adolescence and adulthood is the main factor 

that limits the worm infection.  
Soil-transmitted helminths like ascaris, trichuris, and hookworm are the 

frequent worms that either at least one or three together harbour the small intestine 

of poor children, especially in developing countries. These endoparasites are the 

source of potential injury to the small intestine and are responsible for impaired 

physical, mental, intellectual and cognitive development (Bethony et al. 2002). 

These endo-parasites have the ability to regulate the host immune response. 

Helminths survive in lymphatics, GIT or blood stream. These parasites have large 

body and complex life cycle in the body of host. Parasites pass through different 

developmental stages. Endoparasites can prevent host immune attack. They create 

a niche for their feed-ing, reproduction and survival (Maizels et al. 2014).  
Clear pathophysiology regarding the initiation of immune response in soil-- 

transmitted helminth infection is lacking (Taylor et al. 2012). Parasite and host 

interact which determines the survival of parasites in the host body for a long 

period. Parasites modulate host immune response by suppression, whereas host 

immunity that develops over sustained exposure to parasitic antigens limits the 

spread of para-site infection in the host body (McSorley and Maizels 2012). Soil-

transmitted hel-minth infection is involved in multiple of physiological processes 

like eosinophil-induced lysis of parasitic larva, synthesis of immunoglobulin E, 

degran-ulation of mast cells and activation of mucous-secreting cells in GIT 

(Bradley and Jackson 2004). Despite the T helper −2 cell response, worms thrive 

in the body of host for long time. Possibly, a balance is obtained between the 

parasitism and immune response of the host.  
This induces the activation of T helper-2 cells (Yazdanbakhsh et al. 2001), which in 

turn results into production of cytokines and activation of mast cells, eosinophils, 

macrophages (Ouyang et al. 2011; Gause et al. 2013). Prominently, IL-10 and trans-

forming growth factor-beta are associated with diminished responsiveness of the host 

body to helminthic infection. It is responsible for sustainability of helminths in the host 

body. Exact mechanism is not understood (Maizels et al. 2014). Other the-ory holds 

that secretions produced by worms enable their survival in the host body. Natural killer 

cell binding protein is secreted by adult N. americanus. This secretion 
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binds particularly with NK cells of host. This complex induces the synthesis of 

interferon-gamma. This macromolecule limits the activation of T helper-2 cells 

and maintains the chronicity of worms (Hsieh et al. 2004).  
Ascaris secretes pepsin inhibitory substance through its body wall. This secre-

tion protects the worms against the proteolytic enzymes in the gut of the host. It is 

believed to secrete phosphorylcholine molecule attached with glycoprotein or gly-

colipids (Lochnit et al. 2000). This complex impair the cell signalling pathway in 

the host body (Deehan et al. 2002). Trichuris trichiura releases a protein which 

forms pores in the phospholipid layer of the host. Ion-conducting pores in lipid 

bilayers (Drake et al. 1994), thus enabling parasite to invade GIT of host. 
 
 
 

5.3 Helicobacter pylori Infection 

 

Helicobacter pylori is the gram-negative, spiral, microaerophilic bacilli which 
were discovered by Warren and Marshall (1983) as the pathogen for gastritis and 

peptic ulcer.  
It is the pathogen in the gut of human being, but it has been isolated from the 

stomach only portraying the fact that it is highly adherent to the mucosa of the 

stom-ach with a mechanism which has not been explained properly. Great 

majority of world population is infected with H. pylori (Yamaoka 2008).  
Its prevalence is higher in developing nations in comparison to developed 

nations owing to deteriorated hygiene and sanitation and poor dietary intake. 

Generally, it infects the stomach in early childhood. Its infection occurs by faeco– 

oral route (Brown 2000; Sabbi et al. 2005; Razak and Ragab 2014). Human being 

is the reser-voir of H. pylori. So poor hygiene, improper human excreta disposal, 

use of con-taminated drinking water and food preparation and serving without 

hand wash are the main reasons for its transmission through faeco–oral route 

(Brown 2000). Large population of preschool children in slums and villages 

become the high-risk popula-tion for its transmission (Parente et al. 2006; Bhuiyan 

et al. 2009; McColl et al. 1998; Sarkar et al. 1997).  
Oral to oral route is another means of its spread in human beings. This mode of 

infection becomes the sole ground for its spread in children in institutions and 

crowded places. Presence of H. pylori DNA in the vomitus and saliva conforms 

this assumption.  
So it can be said with certainty that almost all factors of poverty and 

malnutrition in children are responsible for the acquisition and spread of H. pylori 

infection. Knowledge about the epidemiology of H. pylori would help to 

understand its mode of transmission. Also study delineates population who has 

higher susceptibility towards its infection and consequences.  
H. pylori remains attached to the gastric mucosa. It has high urease activity and 

hence produces ammonia in the gastric lumen. It neutralizes the gastric acidity. H. 

pylori decreases gastric secretion and results in a state of hypochlorhydria. It has been 

proposed to be a cause of iron deficiency anemia in preschool children (Windle 
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et al.2007; Seo et al. 2002; Kostaki et al. 2003; Marignani et al. 1997; Yip et al.  
1997; Gold et al. 2001; Bahu Mda et al. 2003; El-omar et al. 1997).  

Hypochlorhydria is the cause of accentuated enteric infection. It is attributed to 

decreased antimicrobial activity in the stomach lumen. Higher chances of 

diarrhoea, nutritional anemia and malnutrition are the commonest manifestations 

in children (Dale et al. 1998; Passaro et al. 2001).  
Helicobacter pylori could be responsible for iron deficiency anemia in children, 

despite the absence of peptic ulcer. Researchers studied the aetiology of refractory 

iron deficiency anemia in children who had concomitant infection by H. pylori. It 

was observed by authors that Hb concentration normalized once the infection was 

treated successfully with anti-Helicobacter pylori drugs. So it can be concluded 

that H. pylori-induced gastritis was the chief cause for iron deficiency anemia 

(Barabino et al. 1999; Annibale et al. 1999; Choe et al. 1999; Ashorn et al. 2001; 

Capurso et al. 1999; Akcam et al. 2007; Barabino et al. 1999; Annibale et al. 1999; 

Choe et al. 1999; Ashorn et al. 2001).  
Iron oxidation and absorption are determined by gastric acidity. Infection by 

Helicobacter pylori raises the gastric pH. It might impair the absorption of dietary 

iron in the gut. It was proved by Annibale et al. (1999) and Capurso et al. (2001) 

that gastric acidity was decreased to pH 7 in patients who suffered from H. pylori 

gastri-tis and associated iron deficiency anemia. Hypochlorhydria-induced 

reduction in the absorption of iron in gut is responsible for IDA in Helicobacter 

pylori infection.  
Cobalamin is attached to protein in food. The pH of the gastric lumen decides 

the proteolysis and release of cobalamin in the stomach lumen. According to 

Stopeck (2000) and Kaptan et al. (2000), infection caused by H. pylori disturbs the 

normal pH of stomach in causing hypochlorhydria. It might be a reason in the 

failure of dietary cobalamin absorption and its deficiency in the body and, 

ultimately, appear-ance of clinical signs of pernicious anemia in children.  
Conversely, authors (Cohen et al. 2000) depicted a slight opposite observation 

on the H. pylori infection and iron absorption. The authors said that 

hypochlorhydria is not always responsible for failure of cobalamin absorption. 

Malabsorption can be managed by appropriate antibiotic therapy.  
Probably, prolonged use of antacids, proton pump inhibitors and/or H2 

receptors antagonist in patients of H. pyloric infection can induce hypochlorhydria 

and may be the cause of dietary cobalamin malabsorption (Howden 2000). 

Infection from H. pylori is responsible for malnutrition, anemia and impaired 

development in children (Franceschi et al. 2014). Its infection creates a state of 

hypochlorhydria in gastric lumen. Physiological functions of gastric secretion are 

affected. It facilitates the entry of other pathogens in gut.  
It culminates into a vicious cycle of impaired iron absorption, diarrhoea and 

halt-ing of growth and development and leading to stunted growth. According to 

authors (Franceschi et al. 2014), early acquisition of H. pylori infection in children 

might be responsible for growth retardation.  
Compromised environmental proponents, further, accentuate the negative syner-

gistic effect of coexistence of diarrhoea and micronutrient deficiency in children. So 
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the sanitation, hygiene and water quality in developing countries determine the 

prevalence of H. pylori infection in children and associated consequences on their 

health.  
Irrespective of the economic and industrialization status of countries, about one half 

of the total population of world is inflicted with H. pylori infection. Its onset of 

infection is quite early in life around the first 5 years of life which is a significant 

threat to the health of children (Suerbaum and Michetti 2002). However, according to 

Megraud et al. (1989), H pylori infection is acquired, in developing countries by the 

age up to 10 years across most of the world population.  
Again, regarding prevalence rate, according to Rothenbacher et al. (1998), it 

var-ies between 1.2 and 12.2% in developed countries (Shaman et al. 2009). 

Authors (Rothenbacher et al. 1998) conducted a cross-sectional study on preschool 

chil-dren(5–8 year) in Southern Germany to find out manifestation and prevalence 

of H. pylori infection.  
The authors (Rothenbacher et al. 1998) observed a prevalence of 13.2% of H. 

pylori infection in children. In developing countries, the prevalence, compara-

tively, is much higher. Prevalence of seropositive cases of H. pylori infection as 

observed by authors (Sullvian et al. 1988) in infants was 15% in age under 20 

months. Further, authors (Sullvian et al. 1988) found an increase in prevalence to 

46% in age group between 40 and 60 months. They compared the seropositive 

cases of H. pylori infection of infants with age-matched healthy controls. Around 

50% (Sullvian et al. 1990) of the seropositive cases suffered from persistent 

diarrhoea and malnutrition.  
The authors (Parsonnet et al. 1992) studied a cohort of epidemiologist to find out 

the associated symptoms and prevalence of H. pylori infection. They (Parsonnet et al. 

1992) tested the serum samples of the participants for presence of antibodies to H. 

pylori. For the sake of comparison, authors used the stored serum samples (Parsonnet 

et al. 1992) of participants and on the other side, a fresh serum samples were tested for 

comparison. The authors observed the decline of infection between a time interval of 

1969–1988 in participants (Parsonnet et al. 1992). H. pylori infec-tion, generally, 

persists for decades having had a low rate of complete eradication.  
Some cases of protein losing enteropathy have been reported by researchers in 

children. The disorder is manifested by a loss of serum protein from the alimentary 

canal owing to a defect in the tight junctions of epithelial cells of the small intestine. 

Frequent causes of PLE is the association of inflammatory bowel disease, environ-

mental enteropathy and of endoparasites in gut and rarely infection by H. pylori 

(Seidman 1995; Gleason 1993; Landzberg and Pochapin 2001).  
Studies by (Urganci et al. 2002; Cohen et al. 1991; Hill et al. 1987) observed a 

relation between H. pylori infection in children and PLE. Probably, the manifesta-

tion is a result of intense inflammation in the mucosa of stomach which disrupts 

tight junctions and increases the permeability of gastric epithelium. H. pylori -

infection is responsible for the inflammation of the gastric mucosa in children. 

Colonization of H. pylori in gastric mucosa is followed by infiltration of inflamma-

tory cells in the mucosa of the stomach in preschool children (Uc and Chong 2002). 
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Helicobacter pylori infection is responsible for gastric ulcer and duodenal ulcer 
among preschool children (Huang et al. 1999). 
 
 
 

5.4 Severe Malarial Anemia in Children 
 

5.4.1 Overview 

 

Severe malarial anemia is the malarial infliction in childhood characterized by 

(WHO 2004) an intense reduction in HB concentrations <5 g/dl associated with P. 

falciparum-induced parasitaemia, according to WHO (2004), (>10,000 

parasites/μl) with or without cerebral malaria in children.  
Severe malarial anemia is the major cause of child mortality and morbidity in 

child population under 5 years of age residing in endemic areas (Scott et al. 2014). 

Worldwide mortality of around 20% in under 5 aged children is caused by severe 

malarial anemia (WHO 2013; UN MDG 2012; Kassabaum et al. 2014; Stolzfus et 

al. 2004b).  
Plasmodium is the causative agent of malaria in human population (Collins and 

Jeffery 2007; Madabushi et al. 2005). It is a unicellular sporozoan and is a cellular 

parasite. Plasmodium needs two hosts, namely, female anopheles mosquitoes and 

man to complete its life cycle (CDC 2016). Sporozoites are spore-like infective 

organisms, a stage in life cycle of plasmodium, remain lodged inside the salivary 

glands of female mosquitoes and are injected into blood circulation by mosquitos 

during their attempt to suck blood (Prudencio et al. 2006).  
Female mosquitos, though harbour sporozoites, are not affected by Plasmodium. 

Sporozoites migrate to the liver, invade hepatocytes and commence a new stage of 

parasitic life inside the liver (NIH 2014). Haploid forms, called merozoites, are 

produced inside liver cells. These are haploid forms of plasmodium which move into 

the blood stream and invade RBCs (Karapelou and Despommier 1987).  
Merozoites grow and proliferate inside erythrocytes and are called erythrocytic 

stage of plasmodium, wherein infected erythrocytes rupture and release toxin, hae-

mozoin, which is phagocytosed by macrophages and monocytes and induces signs 

and symptoms of malaria (Casals-Pascual et al. 2006; Skorokhod et al. 2010; 

Barrera et al. 2011).  
A few merozoites from schizont are transformed into gametocytes inside the human 

body, which are responsible for transmission of parasitic forms into the body of female 

Anopheles mosquitos, while other merozoites continue with asexual phase of 

Plasmodium (Bruce et al. 1990; Smith et al. 2000; Silvestrini et al. 2000).  
Female Anopheles mosquitoes are the vector of Plasmodium parasites (CDC 

2015) and are wholly responsible for transmission of malarial endoparasites and 

spread of malaria. When a female mosquito bites an infected person, it ingests a 

large number of gametocytes. Within its midgut, gametocytes are released and 
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undergo maturation into male and female gametes ready for sexual phase of its life 

cycle (Bousema et al. 2014; Collins and Jeffery 2007; Wang et al.). Gametes fuse 

and form diploid zygote and get transformed into an ookinete. It is highly motile 

and active form and penetrates inside the walls of the stomach of mosquito and 

further gets converted into encysted form, called as oocyst, and it grows and 

prolif-erates within a female mosquito to form thousands of diploid sporozoites. 

The outer wall of oocyst ruptures and releases a stream of sporozoites. Mature 

diploid sporo-zoites enter haemolymph and, ultimately, invade and lodge the 

salivary glands. Organisms are ready for their transmission into the blood stream 

of a healthy person (Vanderberg and Rhodin 1967; Sinden 2002; Wang et al. 

2005; Bousema et al. 2014; Collins and Jeffery 2007).  
According to WHO (2008) report, malaria is widespread in Asian and African 

countries. As per (WHO 2008), around 247 million population of the world is 

infected with malaria round the year. African children (WHO 2008) under the age 

of 5 years are highly vulnerable to malarial infection and is accompanied by high 

mortality among one million population of children.  
Generally, four species of Plasmodium, namely, P. falciparum, P. ovale, P. 

malariae and P. vivax are the causative sporozoans for malarial infection in 

humans. According to Sabbatani et al. (2010), a new species, P. knowlesi, has 

been labelled to cause malaria in humans in remote cases.  
According to a report by WHO and UNICEF (2008), P. falciparum is the most 

virulent species of Plasmodium and is the cause of fatal malaria (White 2008; 

Snow et al. 2005). It has the highest prevalence in African regions. Sub-Saharan 

Africa faces a very high mortality and morbidity as a result of P. falciparum-

induced malarial fever and is strongly associated with severe anemia (Genton et al. 

2008; Eibach et al.2012; Ketema and Bacha 2013).  
The other three species of Plasmodium, namely, P. vivax, P. ovale and P. 

malar-iae, are responsible for less severe form of malaria whose prevalence is 

around 10% worldwide. Severe malarial anemia (SMA) in children has been 

defined by World Health Organization (WHO 2000). Accordingly, SMA is 

characterized by a sharp fall in Hb concentration below 5.0 g/dL, according to 

WHO (2000), in a child in the presence of any density of parasitaemia.  
Severe malarial anemia is a serious and potential threat to the life of children 

under 5 and is highly accountable for high mortality and morbidity in children. 

SMA is a key public health issue, especially in developing countries. According to 

English et al. (2004), SMA is accountable for around 3–46% of mortality in chil-

dren admitted to hospitals.  
SMA is contributing to high disease burden in children under age of 5 years in 

African countries. Brabin et al. (2001a) adopted a cross-sectional study approach 

to find out the relation between anemia and child mortality. Research depicted that 

SMA mortality is much higher in comparison to iron deficiency anemia. Most of 

the data points were based on hospitalized patients and were those who had 

anemia due to severe malarial infection. Intensive efforts are needed to ameliorate 

the preva-lence of SMA and iron deficiency anemia in children in malarious 

regions of the world. 
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The study by Reyburn et al. (2005) was conducted over hospital-based patients 

located in areas with varying rate of malarial transmission in population in north-

eastern Tanzania. Reyburn et al. (2005) observed an inverse relation between 

trans-mission intensity of malaria and age of children. In high transmission areas, 

median age of patients was 1 year (Reyburn et al. 2005), whereas age of patients 

increased by a decrease in transmission severity of malaria. 
 
 
 

5.4.2 Aetiopathogenesis of Severe Malarial 

Anemia in Children 

 

Enormous factors are accountable for the pathogenesis of anemia in children in malaria 

endemic regions. Due to a number of biochemical and metabolic changes that the 

parasites induce in the body, it is difficult to isolate a single factor for severe malarial 

anemia in children. Transmission intensity of malaria and genetic traits and 

dysregulation of innate immune response influence other causes of malaria--induced 

anemia like suppression of erythropoiesis, destruction of uninfected erythrocytes, bone 

marrow suppression and synthesis of inflammatory mediators.  
Multiple factors contribute to aetiopathogenesis of SMA. Erythrocytes which 

are invaded by parasites undergo sequestration in the body. Innate immune system 

reacts to the pathogens and their toxins, and hence, a number of pharmacologically 

active substances are synthesized in circulation, which definitely influence erythro  
- poiesis in the bone marrow. Further, the host becomes frail, partly, as a 

consequence of decreased intake of food, which is again negatively correlated 

with the erythro-poiesis. Nevertheless, factors act in totality to produce clinical 

and biochemical manifestation of SMA in children.  
A reduction in Hb concentration is the key clinical sign which intensifies the 

mortality rate of children under 5 years of age, especially in malaria endemic regions 

of the world, where the transmission intensity of malaria is very high. According to 

Menendez et al. (1997), P. falciparum-induced malaria and iron deficiency anemia are 

chiefly responsible for rising mortality and morbidity among preschool children, 

especially in malaria endemic regions. Data is available to depict the pathogenesis of 

severe malarial anemia. However, scarce knowledge is available to show the effect of 

chemoprophylaxis on occurrence of new cases of malaria and severe malarial anemia 

in children in endemic regions. A placebo-controlled clinical trial after randomization 

(Menendez et al. 1997) was conducted to find out efficacy of antimalarial drugs for the 

prevention of malaria in infants and role of iron supple-ments on malaria susceptibility 

and control of anemia in infants. It was observed by Menendez et al. (1997) that oral 

administration of iron supplements reduced the frequency of anemia in infants; 

however, it had no impact on the incidence of malaria in infants. Menendez et al. 

(1997) further observed that antimalarial regi-men reduced the incidence of malarial 

episodes and anemia in infants. 
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Another placebo-controlled clinical trial was conducted by Schellenberg et al. 

(2001). Both the groups of researchers clearly posit that malaria control programs 

can effectively reduce the occurrence of malarial episodes and associated anemia 

in children in malaria endemic regions. Hence, it can be concluded that malaria 

caused by Plasmodium is the root cause of severe anemia in children.  
Apart from other causes for disturbed erythropoiesis, impairment of innate 

immunity is the most important factor underlying defective erythroid response in 

children suffering from SMA. Additionally, malarial parasites release endotoxin, 

called haemozoin (Hz). The pigment is engulfed by macrophages and neutrophils 

and is the key substance for initiation of synthesis of vast variety of chemical com-

pounds which induce drastic changes in the body including impaired innate 

immune response.  
Plasmodium falciparum-derived haemozoin (PfHz) is central to suppression of 

erythropoiesis in the bone marrow by means of its potential to persuade imbalance 

between pro-inflammatory and anti-inflammatory compounds in the body.  
P. falciparum proliferates very rapidly within body tissues. Erythrocytes 

infected with parasites produce a protein called as Plasmodium falciparum 

erythrocyte membrane protein 1 (PfEMP1), as described by Brown and Brown 

(1965), first of all.  
Infected RBCs and PfEMP-1 are the potential risk factor for the host. The para-

site protein is exported to the outer surface of infected erythrocytes. PfEMP-1 has 

the ability to bind to (Senczuk et al. 2001) host body tissues. It can remarkably 

bind to intercellular adhesion molecule-1 (ICAM-1) (Carlson et al. 1988) and 

chondroi-tin sulphate A (NLM 2016) present on the vascular endothelium of host.  
ICAM-1 is a glycoprotein which is encoded by ICAm 1 gene in humans. It is 

also called as CD54 (Carlson et al. 1988; Katz et al. 1985).  
ICAM-1 protein is a member of a diverse group of proteins called as immuno-

globulin superfamily, holding a pivotal role in cell recognition and cell–cell adhe-

sion. ICAM-1 is located on the endothelium and immune system cells. It is a 

transmembrane protein possessing extracellular as well as cytoplasmic domains. 

Amino terminal is located on the cell surface, whereas carboxy terminal lies inside 

the cytoplasm (Bella et al. 1998).  
ICAM-1 protein is present in low concentration under normal condition on the 

cell membranes of endothelial cells and lymphocytes and macrophages. Pro-- 

inflammatory substances enhance its synthesis, thereby raises its concentration 

under inflammation and infection. Probably, interleukin-1(IL-1) (Pelletier and 

Girard 2007) and tumour necrosis factor-alpha (TNF) (Xu and Zhong 1997) induce 

expression of ICAM-1. Recently, its central role in the pathogenesis of malaria has 

been fully explained.  
PfEMP-1 has high affinity for ICAM-1 protein located on the surface of endothe-

lial cells. So it is responsible for cytoadhesion. Infected erythrocytes, expressing 

PfEMP-1, bind with endothelial cells and, consequently, undergo sequestration in the 

high endothelial venules. Brain microvasculature also captures the infected RBCs, 

which is the cause of cerebral malaria. P. falciparum‘s ability to proliferate 

tremendously and infect fresh RBCs is the basis for high parasitaemia, impairment 
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of immune system of host and frequent spells of disease relapse, which altogether 
holds for the chronicity of malarial infection (Hbiid 2005).  

According to Urquhart (1994), severity and fatality of malarial infection by P. 

falciparum were, previously, thought to be associated with the virulence of parasite. 

The author insisted that exaggerated innate immune response of the host is equally 

accountable for the pathogenesis of severe malarial anemia, and it is uncertain whether 

the antigenic load given by the parasites determines the intensity of immune response 

of host. The author said that it is clear that the parasitic toxin, mainly, hae-mozoin, 

induces the synthesis of cytokines in the body which have dual effect, partly, 

protective against the parasites that limit the spread of infection and, partly, deleterious 

on the body of host owing to its impact on the innate response of host.  
Overall, it is well established that pro-inflammatory and inflammatory substances 

produced in response to parasitic toxins modulate the innate immune response of host. 

According to Weidanz (1982), In the early phase of infection, inflammatory substances 

activate the innate immunity of the host. However, in the later stage of infection, 

immune response is suppressed and/or has a markedly reduced response intensity. 

According to Schwarzer et al. (1998) and Zuckerman (1977), the promi-nent feature is 

probably a decline in the number of T cells in blood circulation. Nevertheless, Ho et al. 

(1986) observed that T helper and T suppressor cell popula-tion decreased in blood, 

and their number was restored after the complete removal of parasites from circulation. 

The authors said that the feature is an adaptive mecha-nism of parasite by which it 

persists in blood circulation by suppressing the immu-nity of host. P. falciparum 

releases toxic metabolite, mainly haemozoin and others such as 

glycosylphosphatidylinositol into the circulation. 
 

In a study by Rodriguez-Morales et al. (2006) over aetiology of anemia and 

thrombocytopenia due to Plasmodium vivax infection among preschool children, 

they observed that patients developed anemia and thrombocytopenia along with 

fever and shivering and the patients needed hospitalization (Zuckerman 1977; 

WHO 2000, 2004, 2008; CDC 2016; Sabbatani et al. 2010; WHO and UNICEF 

2008; English et al. 2014; Barbin et al. 2001a, b; Reyburn et al. 2005).  
Multicentre studies conducted by Taylor et al. (2012) indicated that severe 

malarial anemia involves around 7.5–34% (Taylor et al. 2012) of the African chil-

dren. It is associated with case fatality rate of 8.4% (Taylor et al. 2012) in the 

affected children population. Haemozoin pigment is the key factor for the stimula-

tion of innate immune response. Plasmodium feeds upon the haemoglobin of host 

and derives nutrients for its survival. During the process, parasite degrades the 

host Hb into haem (Pandey and Tekwani 1996; Menendez et al. 1997; 

Schellenberg et al. 2001; Senczuk et al. 2001; Hviid 2005; Rodriguez-Morales et 

al. 2006; Shio et al. 2010; Romani et al. 1997; Kachroo 2004; Fitch et al. 1983).  
According to Francis et al. (1997), host Hb is digested inside the digestive 

vacu-ole of parasite.  
According to Slater et al. (1991), as more of the Hb is catabolized, concentration of 

haem accumulates within the parasite. It is toxic to the parasite. Nonetheless, parasite 

can neither excrete haem nor can it convert into free iron and pyrrole rings. In due 

course of time, free haem builds up inside parasite body and is converted into 
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an insoluble, brown-coloured crystalline compound. Authors studied the chemical 

structure of haemozoin and posited that it is made up of polymer of haems 

molecules.  
According to Rosenthal and Meshnick (1996), P. falciparum digests around 

80% of the host haemoglobin during its asexual phase inside the erythrocytes. 

According to Fitch et al. (1983), its proteolysis results into formation of 

monomeric alpha-- haematin. Alpha haematin is a pro-oxidant and can generate 

reactive oxygen species inside erythrocytes. As per authors, haematin can disrupt 

the cell membrane of erythrocytes of host.  
Under condition of stress and oxidative damage, organisms resort to the process 

of biocrystallization, wherein biomacromolecules inside their body are converted 

into insoluble crystals, a unique adaptive response to sequester the toxic 

compounds (Kachroo 2004).  
Plasmodium converts alpha-haematin into beta-haematin insoluble crystals, a 

distinctive process of confining a undesirable substance in the body (Hempelmann 

2007).  
According to Pagola et al. (2000), clear structure of haemazoin produced by 

Plasmodium is still uncertain. It is a assumed that haemozoin structure resembles 

to that of a synthetic compound beta-haematin. In Plasmodium, according to 

Sullivan (2002), haemazoin crystals accumulate in food vacuoles. Each one is 

made up of around 80,000 haem moieties.  
Infected RBCs are captured by monocytes, polymorphonuclear cells (PMN), 

macrophages and dendritic cells. Infected erythrocytes burst inside these immune 

cells and release haemozoin along with other contents of Plasmodium. According 

to Shio et al. (2010), monocytes and macrophages are the most prominent immune 

cells that can internalize the haemozoin. Further, Shio et al. (2010) described that 

around 30% of the total cell volume of monocytes may be occupied by 

haemozoin, and the malarial pigment may remain there for long periods in time. 

Haemazoin is produced during malarial parasite infection by any one of the four 

species. However, amount of haemazoin is variable depending on the type of 

Plasmodium species. According to Oliver et al. (2014), concentration of 

haemazoin in the host body dur-ing cerebral malaria caused by P. falciparum is 

much higher in comparison to amount of haemazoin that was produced by other 

species of parasite, namely, P. malaria, P. vivax and P. ovale.  
Haemozoin concentration within monocytes and neutrophils can be a valuable 

tool to assess the prognosis of malarial infection. According to Nguyen et al. 

(1995), haemazoin concentration that is released into the blood circulation is a 

marker of the parasitic burden in P. falciparum malaria. The authors observed that 

malarial fatality in patients was associated with high count of peripheral 

neutrophils containing hae-mazoin. They observed remarkably low neutrophil 

count in those patients who were infected but survived the fatal malarial attack.  
Furthermore, in another study conducted by Amodu et al. (1998), where it was tried 

to observe whether percentage of leucocytes containing haemazoin was related to the 

severity of malaria in children in age group between 6 months and 14 years (Amodu et 

al. 1998). Severity of malaria was assessed by Amodu et al. (1998) 
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through categorization into four groups, namely, no malaria, asymptomatic 

malaria, mild malaria and cerebral malaria. Amodu et al. (1998) detected the 

highest per-centage of neutrophils having malarial pigment in peripheral blood in 

children who were suffering from cerebral malaria. However, haemazoin 

containing neutrophil count was least in children (Amodu et al. 1998) who 

suffered from ‗no malaria‘. Therefore, peripheral neutrophil count harbouring 

haemazoin may be a valuable tool in assessing the severity of malaria in 

comparison to peripheral parasitic count (Amodu et al. 1998).  
Haemazoin can induce innate immune response in children through its affinity to 

toll-like receptors. These are protein molecules which are located on cell mem-branes 

of immune cells like macrophages and dendritic and natural killer cells. These 

receptors play a central role in the recognition of microbe-generated anti-genic 

substances in the body and initiation of innate immune response. Toll-like receptors, 

additionally, activate T cells and help in the development of adaptive immunity in 

host. Toll-like receptors have been observed in the lymphocytes which can induce the 

synthesis of cytokines (Chiron et al. 2008; Medzhitov et al. 1997).  
Haemozoin binds with the Toll-like receptors located on macrophages and den-

dritic cells, and the complex, thereafter, transduces the signal for activation of 

adapter protein. Within cytosol, other proteins in sequence are activated by phos-

phorylation process. Sequestered parasites inside the infected erythrocytes are 

phagocytosed.  
Irrefutable evidence is provided by the work of Coban et al. (2005). Coban et 

al. (2005) demonstrated in their work that haemazoin from P. falciparum infection 

can bind with toll-like receptor 9 and can initiate the production of cytokines 

(Coban et al. 2005). They also worked on the capability of synthetic haemazoin, in 

vivo, to induce cytokine production through its binding with toll-like receptor 9. 

Their work depicts that haemazoin can stimulate innate immune response through 

interaction with TLRs. 
 

 

5.4.2.1 Role of Pro-inflammatory Biomacromolecules 

 

In an intial phase of parasitic infection, pro-inflammatory biomolecules like 

tumour necrosis factor-alpha, interleukin-12 and interferon-γ are produced. Each 

molecule has its unique role in the suppression of parasitic proliferation and to 

limit the spread of infection in the host. Innate immune cells participate in response 

to these pro-- inflammatory substances. Innate response is short lived and is devoid 

of generation of memory for the future attack of same microbes (Romani et al. 

1997; Fearson and Locksley 1996; Clark 1978).  
Interleukin-12 is a heterodimer, composed of two dissimilar monomeric units 

which are covalently linked. It is synthesized by the dendritic cells, neutrophils and 

macrophages after the invasion of a virulent microbe in the host body (Trinchieri 

1998). One monomeric unit of IL-12 is a light chain of 35 kDa, labelled as p35, 

whereas other monomeric unit is a heavy chain of 40 kDa, designated as p40. These 

chains are linked by disulphide linkage (Podlaski et al. 1992). IL-12 is necessary for 
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the development of T helper 1 cells. According to Locksley (1993), IL-12 plays a 

significant function in induction of interferon-gamma. This process is initiated by 

the presence of intracellular parasites and is carried out without the involvement of 

T lymphocytes.  
According to Takenaka et al. (1997), synthesis of IL-12 by macrophages and 

dendritic cells is initiated by two different pathways. Pathogenic microbes and/or 

their toxins induce the synthesis of IL-12 (Takenaka et al. 1997), and this patho-

physiology is independent of the participation of T cells. Other pathway involves 

the activation of T cells for IL-12 production in the body (Takenaka et al. 1997).  
IL-12 has innumerable functions in the body. It is linked with the differentiation of 

immature T lymphocytes into T helper 1 cells (Hsiech et al. 1993).  
Hence, it can be regarded as T lymphocytes growth factor. IL-12 is additionally 

involved in the synthesis of TNF-alpha and interferon-gamma through the stimula-

tion of T cells and natural killer cells. IL-12 has remarkable immunomodulatory 

property. It has pro-inflammatory potential. IL-12 induces the production of cyto-

kines by T cells and natural killer cells. These cells actively proliferate and exert 

cytotoxic activity in the presence of IL-12 (Gately et al. 1994).  
A study performed by Malaguarnera et al. (2002) clearly depicted a role of IL-

12 in the stimulation of T helper 1 cells and regulation of innate immune response 

to the intracellular parasites as Plasmodium falciparum. Malaguarnera et al. 

(2002) posited that this cytokine also exerts its protective and disease-limiting 

effect on the parasite in blood stage. Malaguarnera et al. (2002) observed a rise in 

IL-12 level in children who suffered from mild P. falciparum infection, whereas 

its level was depressed in severe form of malarial infection.  
Pathogenic microbes, endotoxins and intracellular parasites like Plasmodium 

are the potent antigenic characters which can induce the synthesis of IL-12 or 

natural killer cell stimulatory factor (D‘Andrea et al. 1992) through monocytes. 

According to Chan et al. (1991) and Chan et al. (1992), IL-12 stimulates T 

lymphocytes and NK cells to synthesize lymphokines for essential cytotoxic effect 

against pathogens. IL-12 brings about differentiation of T helper 1 cells and 

synthesis of interferon-- gamma in the body.  
Thus, IL-12 acts as a pro-inflammatory cytokine in response to infection. 

Furthermore, IL-12 behaves as a pro-inflammatory mediator. It induces the 

produc-tion of other immunomodulators like tumour necrosis factor-alpha and 

granulocyte-- macrophage colony-stimulating factor in the host body. Granulocyte-

macrophage colony-stimulating factor (Francisco-Cruz et al. 2014) enhances the 

production of IL-12. Hours after the exposure to pathogenic organisms, NK cells 

produce interferon--gamma. It potentiates the activity of AP cells and helps in the 

lysis of pathogens.  
TNF-α is another competent immunoregulator during the parasitic infection which 

stimulates innate immunity. Studies by authors have hypothesized the involvement of 

TNF-alpha in the pathogenesis of malarial infection. It was the study of Grau et al. 

(1989) where authors observed the increased levels of tumour necrosis factor-alpha in 

children who suffered from P. falciparum malaria. The authors con- 
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firmed its raised levels in the severe form of malaria and cerebral malria 
in children.  

In the study by Kwiatkowski et al. (1990), plasma concentration of TNF-alpha 

was observed in Gambian children with uncomplicated malaria and compared by 

Kwiatkowski et al. (1990) with children who suffered and hospitalized for cerebral 

malaria. Kwiatkowski et al. (1990) spotted two times higher levels of TNF-alpha 

in children who survived after an attack of cerebral malaria. TNF-alpha levels 

were observed to be ten times higher (Kwiatkowski et al. 1990) in children who 

died in hospital.  
TNF-alpha is partly responsible for symptoms of malarial fever. Kwiatkowski 

et al. (1989) studied TNF-alpha concentrations in malaria children and healthy 

adults. They induced the monocytes with malarial endotoxins in vitro and 

observed its level comparable to that secreted in malarial children. Kwiatkowski et 

al. (1990) concluded that TNF-alpha is released in concomitance with rupture of 

schizonts, and the phenomenon is responsible for malarial-related symptoms.  
TNF-alpha and IL-6 were assayed and found to be higher in concentration in 

patients of malaria before the start of treatment. Kern et al. (1989) conjectured that 

a rise in cytokine concentration is a predictor of severity of malaria. It was hypoth-

esized whether an elevated level of TNF could result in symptoms severity and 

organ damage in malarial infection. Study was conducted by Clark et al. (1989). 

The authors administered, parenterally, recombinant human TNF/cachectin into 

the body of healthy and mildly Plasmodium vinckei-infected mice. Kern et al. 

(1989) scrutinized neutrophilic ingress into pulmonary vessels and liver damage in 

mildly infected mice. It was concluded by the authors that a high level of TNF is 

associated with parasitaemia and organ injury in the infected individuals.  
TNF-α induces the production of macrophage migration inhibitory factor 

(Calandra and Bucala 1995). According to Nishihira (2000), macrophage 

migration inhibitory factor (Calandra and Roger 2003) is a pleiotropic protein 

which has inflammatory and immunostimulatory response. According to the 

author, MIF is a lymphokine participating in delayed hypersensitivity reaction and 

impart phago-cytic, tumouricidal function to macrophages.  
MIF counteracts the anti-inflammatory action of glucocorticosteroids in the 

body.  
TNF-alpha can stimulate inducible nitric oxide synthase enzyme and can 

induce synthesis of nitric oxide in the host body. It was observed by Rockett et al. 

(1991) in vitro that oxidation products of nitric oxide can kill Plasmodium 

parasites. So NO in the body can minimize parasitaemia. TNF-alpha has a 

protective role in malarial infection through pro-inflammatory action. However, it 

can intensify inflammation by the stimulation of cyclooxygenase (COX-2) and 

subsequent induction of phar-macologically active metabolites like prostaglandins 

in the host (Perkins and Kniss 1997).  
Prostaglandins along with TNF-alpha can lead to expression of malaria-- associated 

clinical manifestations like fever, shivering, headache, nausea, vomiting, anorexia, 

diarrhoea, myalgias and thrombocytopenia (Schwartz et al. 1989). 

 
 
 
 
 
 

anilfzk2323@yahoo.com 



 
70 5 Aetiology of Iron Deficiency in Children 

 

IFN-γ and TNF-alpha are synthesized by natural killer in the initial phase of 

malarial infection by P. falciparum (Hensmann and Kwiatkowski 2001). The 

authors showed that infected erythrocytes produced these cytokines within 18 h of 

infection with P. falciparum.  
Artavanis-Tsakonas and Riley (2002) concluded that natural killer cells, proba-

bly, induce synthesis of IFN-gamma in the early stage of infection. This cytokine 

is immensely involved in the induction of protective molecules against malarial 

parasites.  
Malarial parasitic-infected individuals exhibit heterogeneity in the IFNg 

response in the body of host. D‘ Ombrain et al. (2008) conducted a cohort study 

covering 206 school-aged children in New Guinea country in Papua, for 6 months. 

They observed a high-level IFNg response among children against P. falciparum 

malarial infection and was concluded that early production of IFNg is associated 

with protection against parasites.  
According to Kremsner et al. (1995), tumour necrosis factor-alpha and interferon-- 

gamma are important pro-inflammatory cytokines. These are produced in the body of 

children during intial stage in response to Plasmodium infection. These cytokines 

activate the monocytes and macrophages against malarial parasites and phagocytose the 

pathogens and help in limiting the proliferation of parasites.  
Further, Lyke et al. 2004 and Perkin et al. (2000) observed the cytotoxic role of 

these pro-inflammatory cytokines in the body during advancing stage of malarial 

infection. These cytokines exhibit dual characteristic in different stages of 

infection, but their precise function in the body is still under investigation.  
Malaria-induced immune mechanism is still not fully recognized. Cytokines like  

TNF-α, IFN, and IL-12 have a proven protective role against the malarial parasites.  
But cytokines as IL-4, IL-5, IL-10 and TGF-β can aggravate severity of infection.  

Interleukin-10 is an effective anti-inflammatory cytokine. It is produced in the 

later stage of malarial infection. According to Ho et al. (1998) and Lyka et al. 

(2004), anti-inflammatory substance, effectively, regulates the synthesis of pro--

inflammatory cytokines in response to malarial parasites. IL-10 is associated with 

innate immune response of the body in P. falciparum infection. It prevents the 

hyperactivity of pro-- inflammatory cytokines and, hence, is protective in nature 

against the pro-- inflammatory cytokines. As per a study by Ho et al. (1998), a high 

concentration of TNF-alpha and a low concentration of IL-10 in Plasmodium 

infection is indicative of advancing infection.  
According to Nathan and Xie (1994), nitric oxide synthase catalyzes the conver-

sion of L-arginine. Hence, nitric oxide is produced which in turn modulates the innate 

immune response and is importantly involved in the pathogenesis of severe malarial 

anemia. Later on, Perkins et al. (1999) postulated that inducible nitric oxide synthase 

(iNOS) is responsible for the synthesis of nitic oxide during Plasmodium infection. 

Polymorphonuclear cells, monocytes and macrophages har-bour iNOS. This form of 

enzyme is induced by cytokines in the body, as per Perkins et al. (1999). Further, 

research by Gyan et al. (2002) emphasized on the role of nitric oxide in the body 

during malarial parasite infection. Tumour necrosis factor-alpha, 
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IFN- γ and IL-12 prominently participate in the activation of iNOS, which enhances the 

production of nitric oxide. This molecule has malarial parasitic activity and, hence, 

prevents the spread of parasite in circulation. Therefore, NO has a protective role in the 

malarial pathogenicity. As per authors (Gyan et al. 2002), NO has a dual function. It is 

implicated in the pathogenesis of cerebral malaria. Chronic produc-tion of NO results 

into suppression of bone marrow activity. It has deleterious effect on the erythropoiesis, 

and sustained release of NO by iNOS activity in the splenic macrophages endorses 

phagocytosis of RBCs. Overall, a chronicity of malarial infection and NO synthesis 

enhances the severity of anemia in children. Anti-- inflammatory cytokines like IL-10 

help to suppress the expression of iNOS and minimize the release of NO and offer a 

host cytoprotective role.  
Falade et al. (2007), Reddy et al. (1996) and Romand et al. (1994) reported 

cases of congenital malaria as a result of transmission of P. falciparum through 

the pla-centa. However, malaria is seen in all age groups.  
Although dietary deficiencies are widespread in malaria endemic regions, the 

influence of reduced folate and iron levels is not thought to be a major contributor 

to dyserythropoiesis seen during SMA (Abdalla 1988; Wichramsinghe and 

Abdalla 2000).  
During human malarial infection, sequestration of infected and uninfected 

eryth-rocytes is a prominent feature of P. falciparum infection. Looareesuwan et 

al. (1987) worked on the animal model to assess the splenic filtration of RBCs. 

Looareesuwan et al. (1987) utilized heated 51Cr-labelled autologous erythrocytes 

and observed (Looareesuwan et al. 1987) the clearance in acute P. falciparum 

malarial patients and controls. It was observed by the authors that in patients who 

had splenomegaly, clearance of labelled RBCS was very fast in comparison to 

patients who did not have spleen enlargement (Looareesuwan et al. 1987).  
They concluded that the hyperactivity of the spleen in malarial infection is 

directed against infected RBCs and whether the uninfected erythrocytes are also 

removed from the circulation is not still clear. Further, research is needed to elicit 

the exact role of the spleen in malarial infection.  
Further study by Price et al. (2001) and Looareesuwan et al. (1987) 

characterized some risk factors which predispose to P. falciparum infection. 

Probability of enlarged spleen and age below 5 years are the important 

determining factors for infection. Children under 5 age have higher propensity 

towards anemia in malarial infection in comparison to adult patients.  
Jaleman et al. (1999) postulated that destruction of uninfected erythrocytes 

occurs by phagocytosis, and dyserythropoiesis does not have a significant role in 

the cause of anemia in children suffering from P. falciparum infection.  
Lamikaran et al. (2007) concluded by their work on human and mice that anemia in 

case of P. falciparum infection is caused by multiple factors that have a synergis-tic 

role. As per authors, infected RBCs undergo sequestration in the spleen, and 

uninfected erythrocytes are cleared from circulation as a consequence of hyper-

splenism. The authors observed that the body of the host is unable to produce 
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-erythroid tissues and this factor is equally important in inducing anemia in 
Plasmodium infection.  

Malarial infection induces proliferation of macrophages in the body and may 

contribute to hyperactivity of macrophages and increased removal of uninfected cells. 

Brown et al. (1990) assessed the macrophage activation in malaria-infected 

individuals. They measured urinary neopterin and serum interferon-gamma levels and 

were found to be elevated in most of patients. Neopterin is synthesized by 

monocytes/macrophages after their stimulation by interferon-gamma. According to 

authors (Murr et al. 2002; Cesur 2005; Wirleitner et al. 2005; Fuchs et al. 1992), 

assessment of neopterin concentrations in serum, cerebrospinal fluid and/or urine is an 

important parameter to determine activation of t helper cell-1 in host. Its level is 

increased in viral infection like HIV, intracellular parasites like P. falciparum and in 

autoimmune disorder. As per authors, neopterin is indicative of the synthesis of 

reactive oxygen species and hence is a marker of the level of cellular immunity.  
The study of Mohan et al. (1995) and Jenkins et al. (2006) revealed a relation 

between monocytic-induced damage of RBCs in malaria. As per authors, mono-

cytes generate reactive oxygen species and, as a consequence, result in lipid 

peroxi-dation of membranes of erythrocytes and, therefore, exhibit a clear role in 

erythrocytic lysis in malarial infection.  
In the study by Ladhani et al. (2002), high degree of leucocytosis was observed 

which was associated with high rate of mortality, according to authors. 

Plasmodium falciparum infection is detrimental to erythrocytes which are 

destroyed due to vivid causes. But malarial parasites also affect the lymphocytes, 

which was studied by Abdalla (1988), and WBCs undergo profound changes after 

malarial infection in children living in high transmission areas. According to 

Berkley et al. (1999), high WBC count might be attributed to superimposed 

bacterial infection. Another researcher (Modiano et al. 2001) did not assign any 

specific cause for leucocytosis in malarial infection.  
Exaggerated oxidation of the membrane of uninfected erythrocytes has been 

observed by authors (Dondorp et al. 2003; Omodeo-Sale et al. 2005) in the 

Plasmodium falciparum infection in children. Synthesis of pro-inflammatory cyto-

kines and the injury caused by inflammatory mediators are responsible for 

oxidation of RBCs membranes. Also the metabolites produced by the parasites 

might be the factor for the increased clearance of uninfected erythrocytes.  
Increased oxidation of membranes of uninfected erythrocytes has been reported 

among preschool-aged children who were infected with Plasmodium falciparum 

malaria. Acute inflammatory cytokines and/or toxic metabolic products of 

parasites impair the erythrocyte deformability.  
Parasite products that may be a part of immunoglobulin-antigen complexes are 

deposited on the membranes of uninfected RBCs. The major parasitic metabolite 

is the P. falciparum ring surface protein 2 (RSP-2). This protein expresses shortly 

after merozoite invade RBC. Hence, protein mediates adhesion of iRBCs to 

endothelial cells of hosts, which are captured by immune cells (Pouvelle et al. 

2000; Douki et al. 2003). 
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The authors (Douki et al. 2003; Lekana Douki et al. 2002) identified that RSP-2 

is the key component of RBCs sequestration involving both infected erythrocytes 

and non-infected erythrocytes. RSP-2 is deposited onto the membranes of unin-

fected and infected RBCs. Hence, coated RBCs undergo process of opsonization 

and are phagocytosed by macrophages. Ring surface protein-2 is responsible for 

cytoadhesion of infected erythrocytes to endothelial cells and early ring stage-- 

infected erythrocytes (rIEs) to host endothelial cells and epithelium of placental 

villi (Scherf et al. 2001; Costa et al. 2006; Lekana et al. 2002).  
Abdalla (1990) examined bone marrow of Gambian children who suffered from P. 

falciparum infection and furnished a detailed account of haematological changes in 

malarial anemia in children. The author asserted that hyperplastic erythroid tis-sues 

and dyserythropoiesis were of common occurrence in histological findings in malarial 

patients. These patients exhibit severe anemia and low parasitic count, as per author. 

Other prominent features described by the author (Abdalla 1990; Wickramasinghe and 

Abdalla 2000) were lymphocytosis in bone marrow and increased count of monocytes, 

neutrophils and lymphocytes in blood circulation.  
According to the author, severe malarial anemia is characterized by either nor-

mochromic, normocytic or hypochromic, microcytic appearance of erythrocytes. 

Low serum ferritin, low iron-binding capacity and high concentration of 

inflamma-tory proteins are the prominent features of severe malarial anemia 

(Abdalla 1990). These features are characteristics of anemia of chronic 

inflammation. Cytokines like interleukin-1 and interleukin-6 have been detected in 

patients of SMA (Issifou et al. 2003; McDevitt et al. 2004). Cell lines in bone 

marrow are suppressed. Erythropoiesis is inhibited, and young erythrocytes are 

haemolyzed by cells of reticuloendothelial cells (Edington and Gilles 1976).  
Persistent hypoferrinaemia in malarial anemia is attributed to temporary 

intracel-lular sequestration of iron, decreased level of transferrin and chelation of 

iron by iron binding proteins other than transferrin in the presence of 

inflammation(Ghosh 2007). Overall, bioavailability of iron to host tissues and 

parasite is reduced. Bone marrow functioning is affected (Oppenheimer 1989). 

Hypersplenism is noticed in severe malarial anemia (Looareesuwan et al. 1987).  
Non-infected erythrocytes are sequestered by the macrophages and the reticulo-

endothelial system (Ghosh 2007). Splenomegaly syndrome in repeated or chronic 

P. falciparum infection could lead to reduced RBC count and anemia.  
Dyserythropoiesis is a feature of malarial anemia in children. It is characterized 

by the synthesis of morphologically and/or functionally defunct erythrocytes in 

bone marrow. These RBCs have fragmented nucleus and vacuoles in cytoplasm 

and may show the presence of intercytoplasmic bridge. Erythropoiesis is disturbed 

in Plasmodium infection. According to Abdalla et al. (1980), children with 

malarial anemia exhibited erythroid hyperplasia and dyserythropoiesis.  
A study was done by Abdalla et al. (1980) in three groups of Gambian children who 

suffered from Plasmodium falciparum infection. According to authors (Abdalla et al. 

1980), children with acute infection developed anemia after treatment. In the second 

group, children suffered from chronic Plasmodium infection. These children had 

anemia during the duration of infection. Dyserythropoiesis was observed by 
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Abdalla et al. (1980) in the bone marrow aspiration in these children. The third 

group of children showed evidence of intermediate haematological changes, as 

described by Abdalla et al. (1980). This variation in haematological change in 

chil-dren with different duration of malarial infection is possibly attributed to 

body response to different stages of malaria (Abdalla et al. 1980).  
A fall in Hb and subsequent reduction in oxygen tension should stimulate ele-

vated levels of erythropoietin (Epo) in patients with SMA. The clinical evidence 

for appropriately raised levels of Epo in malaria is somewhat contradictory. 

Studies were conducted on adult population inhabitant of Thailand and Sudan, and 

it was suggested by Burgmann et al. (1996) and el Hassan et al. (1997) that Epo 

concentra-tion was elevated in plasma of infected persons. But its level is not 

responsible for the manifestation of anemia.  
However, several studies of malaria in African children suffering from malarial 

anemia have shown appropriately raised erythropoietin (Epo) concentrations 

(Kurtzhals et al. 1997; Verhoef et al. 2002). In fact, the Epo levels in malarial ane-

mia are more than threefold higher when compared with anaemic children without 

malaria (Casals-Pascual et al. 2006). It is possible that ineffective or inadequate 

Epo synthesis does contribute to malarial anemia in some settings, possibly related 

to age, ethnic origin or presentation of the patient.  
Contrary to elevated Epo level, bone marrow is suppressed leading to reduced 

haemoglobin concentration. According to Sandau et al. (2001), high concentration of 

tumour necrosis factor-gamma in malaria is responsible for hypoxia. TNF induces the 

activation of hypoxia-inducing factor. This transcription factor has serious impact on 

pathogenesis of malaria and suppression of bone marrow. Research indi-cates that 

abnormal activity of HIF is the cause of distorted internal environment of the cells and 

helps in the promulgation of inflammation. Consequently, an equilib-rium is disturbed 

in cytokines, growth factor and reactive oxygen species (Smith et al. 2008). Hypoxia 

and ischaemia lead to raised Epo level. In malaria, prolifera-tion of erythroid 

progenitors as burst forming colonies and colony forming units-erythroblast is 

inhibited due to the decreased level of interleukin-12 and interleukin-10 in 

Plasmodium-induced malaria in children. These cytokines are the leading stimulator of 

haemopoietic precursor cells. These cytokines are responsible for differentiation and 

proliferation of these precursors. Inadequacy of IL-12 and IL-10 and bone marrow 

suppression are together the cause of severe malarial ane-mia in children (Angela 

O‘Donnell et al. 2007).  
Nitric oxide synthesis is increased in malaria (Clark et al. 1991). This potent 

vasodilator inhibits the Na+/K+ ATPase enzyme located in cell membrane of 

eryth-rocytes. NO also causes lipid peroxidation and distorts the structure of cell 

mem-brane. Coenzymes like NAD are depleted in the RBC which leads to 

inhibition of glycolysis and deficiency of ATP (Clark and Cowden 2003). In 

response to these metabolic changes, erythrocytes are sequestered by the spleen. 

According to Xie and Wolin (1996), nitric oxide injures the mitochondria of 

erythroid precursors and suppresses the bone marrow.  
Haemozoin contains iron in ferrous state. This free iron catalyzes the formation 

of superoxide free radicals. Consequently, phospholipids in RBC membrane 
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produce- 15-hydroxyeicosatetraenoic acid (15-HETE) (Takahashi et al. 1985) and 

4-hydroxy nonenal (4HNE) (Awasthi et al. 2004). These two are the lethal lipid 

peroxidation metabolites and cause cell function impairment. These molecules 

enhance the release of lysozymes from monocytes. Mitogen-activated protein 

kinase (Pearson et al. 2001) and nuclear factor(NF)-κB are involved in the release 

of lysozyme (Pollimeni et al. 2013). As a result, erythrocytes become rigid and 

lose their flexibility and are removed by cells of RE system (Arese and 

Schwarzwer 1997).  
Anyona et al. (2006) have demonstrated the presence of spherocytes in blood 

circulation in malaria. Another group of authors (Gamain et al. 2001; Oquendo et 

al. 1989) suggested that fatty acid translocase which is also called as CD-36 is an 

important cell surface protein located on the endothelial cells which has a role in 

the sequestration of infected erythrocytes. This protein has high affinity to 

malarial parasite-infected RBCs. These stick to endothelial cells and are removed 

from cir-culation. This condition might lead to acute anemia in malaria.  
Pathophysiology of severe malarial anemia is regulated by an imbalance 

between pro- inflammatory and anti-inflammatory molecules. Overall intense 

decline in Hb concentration in Plasmodium-induced malaria in children, especially 

in malaria endemic regions of the world, is partly attributed to the phagocytosis of 

infected and uninfected erythrocytes by macrophages and monocytes and partly 

due to the sup-pression of bone marrow leading to defunct erythropoiesis and 

consequently leads to anemia in children. 
 
 
 

5.4.3 Clinical Manifestations 

 

Severe malarial anemia is characterized by nausea, vomiting, loss of appetite, 

fever, jaundice and difficulty in breathing. Severe anemia is followed by a 

haematocrit value below 15% and Hb concentration less than 5 g/dL. Tachycardia, 

hepatomeg-aly and splenomegaly are the perceptible signs. Anemia in malaria is 

marked by normochromic and normocytic appearance of RBCs. However, marked 

deficiency of folate is responsible for macrocytic anemia in malaria in children. 

Differential count of monocytes is raised along with granules in the cytoplasm of 

monocytes (Edington and Gilles 1976). Bone marrow undergoes erythroblastic 

hyperplasia (Wiwanitkit 2008, Karunaweera et al. 1998). 
 
 
 

5.5 Environmental Enteropathy and Anemia in Children 

 

Environmental enteropathy is an inflammatory condition of intestinal mucosa 

prev-alent in population residing in crowded places and among those individuals 

who adopt poor hygiene and improper sanitation practices (Fagundes-Neto et al. 

1994; Korpe and Petri 2012). 
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These prevailing conditions are common in developing countries. Poor environ-

mental conditions like contaminated drinking water, deprived hygiene and sanita-

tion expose the individuals to faecal pathogens. Endotoxins induce inflammatory 

changes in the intestinal mucosa; its chronicity results in architectural and hence 

functional abnormality of mucosa of the intestine. Environmental enteropathy is 

associated with increased epithelial permeability, poor absorption and defunct 

localized immunity of GIT (Ramakrishna et al. 2006).  
Persistent exposure to pathogens through contaminated food and drinking water 

as a result of non-adoption of personal hygiene practices perpetuates to consistent 

gastroenteritis. Decreased length of villi, hyperplasia of crypts of Lieberkuhn, lym-

phocytic infiltration of lamina propria and presence of intra-epithelial lymphocytes 

are the common features in the structure of intestinal mucosa. Primarily, the 

absorp-tive capability of mucosa is impaired (Humphrey 2009; Prendergast and 

Kelley 2012).  
According to a study by Martin et al. (1994), infants inhabiting in slum areas in 

Brazil were found to have abnormal length of mucosal villi. These infants were 

normal at birth, and inflammatory condition of intestinal mucosa developed within  
12 weeks postnatal life. These infants had impaired D-xylose absorption pattern 

when compared with infants belonging to middle-class families who were served 

with clean drinking water.  
Pathogens invade GIT through the use of contaminated water, food and/or prepa-

ration, and serving of food without hand washing, invariably, induces immunity-- 

mediated inflammation in the intestinal mucosa. It might be an adaptation of the gut 

mucosa to survive in hostile environmental condition (Fagundes-Neto et al. 1984).  
Environmental enteropathy is also called as tropical sprue. It deteriorates the 

absorptive capacity of mucosa. This condition decreases the absorption of vitamin 

B12, folate and iron from the dietary food by the intestinal mucosa. These 

micronu-trients are necessary for haemoglobin synthesis and erythropoiesis in the 
bone mar-row (Humphrey 2009).  

Anemia in preschool children who are living in slum areas and in those regions 

of world where pitiable condition of WASH prevails is multifactorial. Inhabitants 

suffer from nutritional anemia due to either inadequate and poor quality of dietary 

intake or impaired absorption from inflamed intestinal mucosa or the coexistence 

of these conditions acting in negative synergy (Rosenberg and Bowman 1982).  
Defaecation in open field is a malpractice, largely, adopted by population in 

developing countries. According to an estimate by UNICEF and WHO (2014), open 

defaecation is practiced by around 1 billion (UNICEF) population of the world and is 

common in South Asia. Further analysis shows that majority, (90%) of all the total 

population which defecates in open, resides in rural areas. Multilevel approach by 

government agencies, NGOs and spread of education among masses have resulted in 

apparent decline in open defaecation in almost all parts of the world. Globally, it 

decreased from 24% prevalence in 1995 rate to 15% prevalence rate in 2011. 
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Open defaecation is one of the determinants of environmental condition in 

which a child is reared and brought up. It is related to the health of the child 

(Haghighi et al. 1997; Lin et al. 2013).  
The greater the number of families who defecate in the open, the larger would be 

the prevalence of malabsorption, faltered growth, anemia and malnutrition in chil-dren, 

especially in preschool-age group. Open defaecation and no hand wash prac-ticed by 

the family members during either food preparation, food serving or handling a child 

transmit harmful entero-parasites via faecal-oral route. The infection initi-ates a 

number of after-effects in the body. Malabsorption of micronutrients, diar-rhoea, 

induction of cell-mediated immunity, protein energy malnutrition and iron deficiency 

anemia coupled with anemia of chronic infection are the noteworthy manifestations of 

the invasion of faecal pathogens in GIT. Nutritional anemia is the cause of poor 

absorption of iron, vitamin B12 and/or folate (Cairncross 2003).  
It was hypothesized by Walker (2003) that open defaecation renders children 

susceptible to bacterial infection and invasion of worms (Ziegelbauer et al. 2012).  
It leads to decreased absorption of micronutrients vital for the synthesis of hae-

moglobin in the bone marrow. Nutritional anemia is commonly considered to be 

the effect of inadequate and poor quality diet. However, environmental factors like 

hand wash, potable drinking water, hygiene and sanitation have empirically, 

theoretically and clinically same implication on nutritional anemia as those of 

dietary factors. WHO and UNICEF have incorporated poor hygiene and sanitation 

as the contribut-ing factors to anemia in preschool and school children. 
 
 
 

5.6 Malabsorption Syndrome 

 

Malabsorption syndrome comprises various clinical manifestations arising due to 

inability of the small intestine to absorb diffusible form of nutrients from the 

lumen of the small intestine. Dietary food substances are digested in the gut 

(Jensen 2007; Bernstein et al. 2003). These are transformed into easily diffusible 

form by the action of hydrolytic enzymes. Any abnormality in the structure or 

functioning of mucosa of the small intestine manifest into malabsorption 

syndrome (Bernstein et al. 2003). Common are diarrhoea, flatulence, anorexia and 

emaciation over a period of time. Prolongation of malabsorption syndrome results 

into deficiency of iron store of the body, protein deficiency and depletion of 

necessary micronutrients in the body (Sleisenger 1969).  
Overall, children suffer from nutritional anemia, varying degrees of wasting 

and stunting and compromised immunity of the body. Any cause of malabsorption 

would invariably lead to the following outcome: 
 
Deviation in Body Built Due to sustained loss of nutrients from the alimentary 

canal, there is defunct absorption. The body of children suffers from inadequate 

calorie intake. It results into wasting, and chronicity of malabsorption would cause 
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stunting and underweight in children. Adult undergo weight loss, fatigue and loss 
of productivity (Pietzak and Thomas 2003).  

Chronic diarrhoea. It is the passage of three or more loose stools per day for 

more than 2–4 weeks and is called chronic or persistent diarrhoea (CDC 2014). 

Steatorrhoea is another clinical manifestation of the inflammatory condition of the 

mucosal cells of the small intestine. Fats are digested and absorbed. Excess fats 

are excreted in stools which are clay coloured and oily in appearance and have 

foul smell (Cheifetz et al. 2011a, b).  
Other deficiency associated with malabsorption could be iron deficiency with 

or without anemia, vitamin B12 or folate deficiency anemia and protein energy 

malnu-trition. Preschool children in villages and slums can be easily diagnosed for 
malab-sorption symptoms in the absence of any physicians by trained health 
workers. Common symptoms are malodorous stools, chronic diarrhoea, weight 
loss, stunted growth and definitely pallor (Ravikumara et al. 2006). Moreover, in 
advanced stage of malabsorption, children develop oedema over the feet and face 
and distention of the abdomen (pot belly) and have a tendency for bruising. These 
children should be referred to physicians where he will determine the cause of 
malnutrition and ane-mia. A detailed history of children would reveal the cause of 
malabsorption syndrome.  

A syndrome was observed in children and adults about 35 years back. It was 

characterized by chronic diarrhoea, loss of appetite, increased susceptibility to 

acute infection and failure to growth and development in children. According to 

Savilahti (2000), the syndrome was the consequence of consumption of cow milk 

by infants. It caused the damage of the mucosa of the jejunum. Manifestations was 

decrease in absorption of D-xylose. Infants suffered from steatorrhoea, iron 

deficiency anemia and hypoproteinaemia. Infants developed cell-mediated 

immunity to cow milk. Intraepithelial count of lymphocytes was increased. It 

resulted in inflammation of the surface epithelium and lamina propria of the 

jejunum. Length of villi decreased and microvilli became shorter.  
It was found that IgA and IgM level in serum was increased, but IgE level was 

normal. Eosinophil count was increased in infants who were exposed to cow milk. 

All these immunological changes in the body of infants indicated the T cell--

mediated immunity to the cow milk protein in the small intestine, as was described 

by Savilahti (2000). It is suggestive of food-induced enteropathy in the infants. 

The child‘s body would be deprived of nutrients and essential minerals due to 

defective absorption process. It can materialize into harmful effects on the body 

and mind. Coeliac disease is an autoimmune disorder of the mucosa of the small 

intestine (Sheldon 1959).  
Coeliac disease is a hypersensitivity to gluten protein present in wheat and pro-teins 

in barley and rye. The disease is seen in genetically predisposed individuals (Green et 

al. 2001). Its prevalence is found in individuals of all ages from infants to old age 

persons. These individuals have genetic predisposition to develop coeliac disease. 

Disease affects children early in age after the feeding diet containing glu-ten. Children 

suffers from diarrhoea, anorexia, abdominal discomfort and weight 
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loss. These manifestations arise due to inability of intestinal mucosa to absorb 
nutri-ents from the diet (van der Windt et al. 2010; Fasano 2005).  

Nutritional anemia is also seen in coeliac disease in children (Farrell and Kelley 

2002; Green and Celler 2007; NIH 2004). A 33-amino acid residue of gliadin has 

been identified which escaped digestion by protease enzymes secreted in the 

gastric, pancreatic and intestinal juices in the body. This large peptide entered 

circulation and is capable of inducing innate immunogenic response in the body 

(Shan et al. 2002).  
Host immunity is directed against gluten. It is made up of gliadins and 

glutenins. These are plant storage proteins in wheat, rye, barley and oat. Gluten 

has high con-tent of proline and glutamine amino acids. Tissue transglutaminase is 

an enzyme that has calcium-dependent catalytic activity in the body. It cross-links 

proteins in the body between an ε-amino group of a lysine residue and a γ-

carboxamide group of glutamine residue. It results in high resistance of protein to 

proteolysis. tTG is mainly implicated in the pathogenesis of coeliac disease. This 

enzyme modifies gluten peptides. It causes deamidation of glutamine present in 

ingested gliadin. It produces glutamic acid. Deamidation confers higher 

antigenicity to glutamine because it has higher affinity for DQ2 and DQ8 

molecules. It is presented by antigen--presenting cell (APC) to T lymphocytes and 

initiates cell-mediated immu-nity in intestinal mucosa. Pro-inflammatory 

cytokines and interferon (IFN)-γ are produced in the mucosa and results into 

structural changes in the intestinal mucosa (Molberg et al. 2001).  
Another modification of gluten protein by tissue transglutaminase enzyme is 

through the process of transamidation. Glutamine residue of gluten protein is 

cross-- linked to lysine residue of tTG enzyme. This reaction causes a permanent 

covalent linkage between gluten and tTG enzyme (Fleckenstein et al. 2002). 

Finally a new complex is formed that is more immunogenic in comparison to 

gluten alone. The new antigenic epitope can trigger the formation of antibodies 

against tTG (Koning et al.2005).  
According to Thomas et al. (2006), gliadin induces antigenic response in the 

body through innate mechanism. Peptides of gliadin, 33-mer and p31-43, have the 

potential to induce synthesis of zonulin (Fasano 2011), a glycoprotein responsible 

for altering the permeability of cell membrane in GIT. Overall, increase in perme-

ability of intestinal epithelium and release of cytokines bring about structural and 

hence functional abnormality in the mucosa of the small intestine and increase in 

intestinal permeability and macrophage pro-inflammatory gene expression and 

cytokine secretion. Gliadin-induced zonulin release, increased intestinal 

permeabil-ity and cytokine production were dependent on myeloid differentiation 

factor 88 (MyD88), a key adapter molecule in the TLR/IL-1R signalling pathways 

but were neither TLR2- nor TLR4-dependent.  
According to Maiuri et al. (2003), activated innate immunity generates interleu-

kin--15 through the intestinal epithelial cells. Apart from innate immunity, there is 

a role of adaptive response of the intestinal mucosa in susceptible individuals to 

coe-liac disease. 
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Interleukin-15 increases the permeability of intestinal epithelium. Toxic 

peptides like 33-mer can transgress into the epithelium and reach the lamina 

propria, wherein dendritic cells present these peptides to T lymphocytes. IL-15 can 

also induce apop-tosis of intestinal epithelial cells which further aggravate the 

permeability of mucosa (Rossi and Young 2005).  
Conclusively, it is well established that gliadin, a component of wheat, can trig-

ger activation of innate immunity along with the activation of adaptive immune 

response in GIT in genetically determined individuals and children. Anemia is a 

frequent symptom in any disorder affecting digestive system. Defective absorption 

of micronutrients from the dietary food by the intestinal mucosa is the root cause 

of nutritional anemia in digestive disorders. 
 
 
 

5.7 Habit of Geophagy in Children and Anemia 
 

5.7.1 Overview ofGeophagy 

 

Geophagy is the persistent and compulsive behaviour involving consumption of 

nonedible and harmful substances (APA 1994). It involves the habit of eating sub-

stances like chalk, soil, clay and pencil. These are passed into the stool. These non-- 

nutrients do not provide energy to the body (Lopez, et al. 2004). Precise aetiology of 

geophagy is uncertain. Iron deficiency anemia predisposes children to the habit of 

geophagy. Probably, it is an attempt of the body to recover micronutrients like iron, 

calcium, zinc and copper from nonedible food substances (Lanzkowsky 1959).  
Children below age of 5 years and pregnant women have been observed to 

prac-tice soil eating (Njiru et al. 2011). Moreover, children in higher age group 

who suf-fered mental retardation have been observed (Herguner et al. 2008) to 

consume soil. In particular regions of the world, geophagy is endorsed by customs 

and beliefs (Vermeer and Frate 1979). It is associated with worm infestation in the 

gut (Lumsden et al. 1979). It is considered as compulsive behaviour (Herguner et 

al. 2008) in chil-dren. However, the researchers have varied opinions regarding 

the aetiology and ill effects of pica.  
Geophagy is construed to be a consequence of psychiatric disorder in children 

(Herguner et al. 2008). Geophagy is the premeditated ingestion of clay, soil, ice 

and other non-nutritive substances. Since time immemorial, it has been practiced 

by humans in all continents of the Earth by people of different culture, race and 

ethnic-ity (Anell and Lagercrantz 1958).  
Maravilla and Berk (1978), radiologists, observed that eating a small amount of 

clay or soil is possibly harmless. They insisted that this habit has serious conse-

quences on health. Consumption of soil which is contaminated by toxic substances 

like lead could be harmful to the individual. They posited that physical obstruction 

of airway is another concern regarding soil eating. 
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Soil is contaminated with metals like lead, zinc, copper, arsenic and microbes 

and worms. Geophagy has high repercussions on the health of intestinal mucosa; 

thereby, its absorptive capability is impaired in children (Rawlins et al. 1991).  
Pica is associated with anemia and followed during pregnancy (Adam et al. 

2005). In an explanation by Aufreiter et al. (1997), geophagy is assumed to be the 

consequence of either increased iron demand in the body or a deficiency of iron in 

the body; thereafter, an individual satisfies one‘s craving for iron through 

perverted dietary habit of eating earth.  
Pica, a millennium old tradition and practice of ingesting nonedible substances, 

ubiquitous around the Earth with age and gender predilection, hitherto, stands 

unresolved.  
The authors (Hagopian et al. 2011) observed the practice of pica between the 

second and third pica years of life. Its continuation beyond age of 3 year is consid-

ered a psychosomatic disorder in children. Tendency to pica decreases with 

advanc-ing age of children. Mentally deranged and intellectually compromised 

adults have been observed with the practice of soil eating.  
Clay particles may have the tendency to withhold dietary iron in complexes. So 

it is unavailable for absorption in intestinal lumen. Ingested soil particles may 

dam-age intestinal mucosa resulting in impaired absorptive capacity (Young 

2010). Another empirical evidence was given by Sayers et al. (1974a). Soil 

particles could bind with mucin of the gut lumen and may form a physical barrier 

that might impede with the dietary iron absorption through intestinal enterocytes. 

So pica can cause iron deficiency in the body, which, in turn, replicates with 

supplementary ingestion of clay.  
Youdim (1977) posited brain enzymes in the hypothalamus for regulation of 

hun-ger and might be responsible for perverted appetite for non-food substances 

that is linked to micronutrient deficiency. The authors (von Bonsdorff 1977) 

asserted that the hypothalamus regulates appetite. It is possible under normal 

serum iron level. Hypoferraemia restricts normal functioning of the hypothalamus; 

hence, the out-come is geophagy.  
Helminthic infestation after soil eating is a common aftermath in most of the 

children with habit of geophagy. Mucosa of the small intestine is inflamed and 

may undergo ulceration due to repeated friction with the ingested soil and food 

particles. Predominantly, Trichuris trichiura, Ascaris lumbricoides, hookworm 

and Strongyloides stercoralis are the intestinal worms along with prominent 

protozoans as Giardia lamblia and Entamoeba histolytica.  
Soil eating induces a sense of satiety due to filling of the stomach by non--

nutritive substance, wherein the individual is deprived of necessary calories and 

minerals. Geophagy is implicated in child malnutrition. Geophagy is correlated 

with iron deficiency anemia among children under age of 5 years. Health is 

determined by multiple factors. According to FAO (2005), nutritional status of a 

child is the physi-ological level of nourishment as established by adequate level of 

macro- and micro-nutrients in the body. Further, it can be assessed by child‘s 

anthropometric parameters, dietary factors, environmental factors, clinical signs 

and symptoms and social history. 
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Cause and effect relationship between habit of geophagy and micronutrient 

defi-ciency in the body is controversial. It is difficult to ascertain whether a child 

devel-ops habit of soil eating as a consequence of iron deficiency or the former is 

responsible for iron depletion in the body (Sayers et al. 1974b).  
A little systematic research is available in literature that depicts the association 

between geophagy and serum micronutrients level of iron, zinc, copper and 

calcium in the body. Further it is not universally acceptable that the habit of pica is 

due to deficiency of micronutrient deficiency. Singhi et al. (2003) conducted an 

observa-tional case–control study comprised of 31 children with a habit of 

geophagy and 60 children as control. Both the group of participants were age and 

sex matched. Mean serum iron level was lower by 20% in geophagy children in 

comparison with controls.  
In another study by Acharya (2007), they describe low serum iron level in chil-

dren with geophagy. The study included 50 children with pica in age range 

between 1.5 and 6 years and another 50 children with age and sex matched who 

were normal. There was a significant decrease in plasma level of iron of pica 

children in compari-son to normal children. Lanzkosky (1959) was the first who 

proposed that the iron deficiency results into the habit of geophagy.  
Iron deficiency in the body may debauch dietary behaviour of an individual. Soil 

eating, although, non-nutritive, can satisfy the perverted appetite. According to 

Coltman (1969), pagophagia is the habit of eating ice for a period more than 2 months. 

It was monitored that pagophagia was given up after the iron deficiency was fulfilled. 

Further it was observed by that correction of pagophagia and iron defi-cit coincided 

with the haemoglobin synthesis and mucosa cell repair in the body.  
The work of Coltman (1969) substantiates the cause and effect relationship 

between iron deficiency and geophagy in children. Ingested clay and soil particles 

meddle with the iron absorption through the intestinal mucosa. This effect is 

attrib-uted to cation exchange property (Coltman 1969) of clay. It is the number of 

cations that can be exchanged in a 100 g sample of dry soil. It depends on the type 

of clay, particle size, surface area, environment of exchange reaction and many 

more fac-tors. Cation exchange occurs between cations of clay and iron ion. It 

causes forma-tion of insoluble complexes in the gut lumen rendering dietary iron 

unavailable for absorption (Minnich et al. 1968).  
Poverty is the most notable, irreversible, limiting factor in the acquisition of 

good quality and adequate food to nourish and nurture and satiate children. 

Hunger is a drive to perverted appetite. Children get on with the consumption of 

non-food substances (Laufer 1930).  
Children who eat soil, clay or other nonedible substances are exposed to the 

risk of worm infestation in the gut lumen. Ingestion of clay contaminated by eggs 

of Ascaris and Trichuris is responsible for ill effects of worm infection and anemia 

in children (Antelman et al. 2000).  
In a study by Robischon (1971), iron deficiency anemia was prevalent in 

children who were indulged in the habit of clay eating. 
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Graph 5.1 Showing prevalence of geophagy among children 

 

5.7.2 Cross-sectional Research Study (1) 

 

Cross-sectional research study was conducted by Gupta (2015a), wherein the 
study was focused to find out the effect of soil eating on nutritional level of 

children below 5 years of age.  
The author adopted a cohort, descriptive and cross-sectional research plan. 

Through random and two-stage sampling procedure, the author selected (n = 440) 

children which was in age group >2 years to <5 years. Sample of participants was 

drawn from schools, anganwadi (childcare centres) and slums.  
Geophagy is the behaviour related to unrelenting eating of soil by children in a 

specific age group. According to Gupta (2015a), the habit of geophagy is age depen-

dent. It deviates the absorption and assimilation of digested food in the body owing to 

an abnormality in the structure and function of mucosa of the small intestine.  
In the study by Gupta (2015a), it was observed that age of children was signifi-

cantly (p < 0.0001) associated with the habit of geophagy. As in Graph 5.1, children (n  
= 7) out of total (N = 271) children in age group of (>3 year to <5 year) exhibited the 

habit of geophagy with a marginal prevalence of 1.6%. Contrary to it, around children 

(n = 34) out of total (N = 169) children in younger age group (2–3 year) were observed 

with the habit of geophagy having had a significantly higher preva-lence (20.2%). In 

the present research work, Gupta (2015a) observed overall preva-lence (9.4%) of the 

habit of geophagy among children between 2-year and below 5-year age group in the 

city of Fazilka in Punjab in India. Increase in age of children resulted in decrease in the 

habit of geophagy. Further, odds ratio (OR = 9.5) between above age groups of 

children showed that younger children had much higher prob-ability of contracting the 

abnormal habit of soil eating. 
 

Previous work by Hagopian et al. (2011) on the age of children and geophagy was 

reviewed by the author which in turn supplemented the data observed by Gupta 

(2015a). Both studies revealed a negative linear relationship between geophagy and 

age of children. It is considered physiological in age group between the 18th month 
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Graph 5.2 Showing prevalence of underweight among children 

 

and 2nd year of life; thereafter, habit of eating non-nutritive substance is viewed 

as abnormal. Further, data by Hagopian et al. (2011) yielded a prevalence of 25– 

33% soil eating among children in younger age group, whereas in a study by 

Gupta (2015a), its prevalence was 20.2% in 2–3-year age group. Although 

prevalence of geophagy differs, however, both studies very well authenticate the 

prevalence of geophagy in children in early childhood period ranging between the 

first year and third year of life. Variation in prevalence might be due to difference 

in customs, culture, housing condition, socio-economic status and number of 

participants selected in studies.  
Researchers are ambiguous about the aetiology of geophagy. Moreover, ill 

effects of geophagy on health of children in tender age group are tremendous. In a 

study by Gupta (2015a), highly significant (p < 0.0001) correlation was observed 

between children who were underweight and simultaneously and had the habit of 

soil eating as shown in Graph 5.2. An odds ratio of (OR = 15.7), in a study by 

Gupta (2015a), was observed between geophagy and underweight and indicated 

very high probability of undernutrition (underweight) among children who 

develops soil eat-ing habit. Further, odds ratio was statistically proved by 

significant chi square value of (68.7).  
Previous study by Diouf et al. (2000) on geophagy, intestinal parasites and mal-

nutrition supplemented the work of Gupta (2015a), and both studies collectively 

established the impeding effect of soil eating over dietary status of preschool chil-

dren. Geophagy habit derails the availability of nutrition to the body. Children 

become susceptible to nutritional anemia, predominantly iron deficiency anemia. 

Further research on these issues involved in child health will be discussed in the 

forthcoming chapters of the book.  
Statistically significant (p < 0.0001) association has been observed among age, 

underweight and habit of soil eating in children below five in a study by Gupta 

(2015a).. Significantly high prevalence of underweight and geophagy has been esti-

mated among children in the second to third year of life in contrast to children in 

greater than the third to below the fifth year of life. Early childhood period is marked 
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by rapid growth and development which necessitates high demand for energy and 

micronutrients. Improper and inadequate weaning, poverty, prolonged exclusive 

breast-feeding, lack of supplementary semi-solid diet, disease and/or soil eating 

together are responsible for young age-related undernutritional status. Findings in a 

study of Karoui and Karoui (1993) also supplemented above correlation. Children who 

are provided scarce food or food with poor calorific value resort to soil eating to 

achieve satiety. According to Prasad et al. (1983), components of soil damage the 

intestinal mucosa. Toxic compounds of soil like lead induces immunity-initiated 

inflammation, called environmental enteropathy. Consequently, absorptive function of 

the mucosa is decreased. Overall, a child in the period of growth and develop-ment 

bears underweight due to poor assimilation of nutrients. Another study by Geissler et 

al. (1998) insisted that soil eating is the chief cause of helminthic infec-tion by 

hookworms, ascaris and whip worms which in turn slacken nutritional status of 

children by inducing diarrhoea, anemia and malnutrition.  
Soil eating habit, even though an adaptive response to micronutrient deficiency, 

hunger and food scarcity, significantly spoils health of children, especially in early 

childhood period. Parents, guardians and child caregivers should be educated 

about unhealthy habit and motivated towards seeking medical help to intercept the 

habit of geophagy and to prevent from ill health effects. 
 
 
 

5.7.3 Cross-sectional Research Study (2) 

 

Pica signifies craving for non-calorific materials like soil, clay, hair, wood, chalk and 

ice. There is ambiguity regarding definition of pica among researchers. Researchers 

and academicians have a fragmented views about the aetiology of pica and types of 

pica together its treatment and/or interceptive modalities. Geophagy is a subtype of 

pica which is characterized by Cynthia (2014) as ingestion of soil, clay and/or mud. In 

human beings, this behaviour is most noticeable during early child-hood and 

pregnancy. Harbouring geophagy by children older than 3 years is indica-tive of 

developmental disability in children. It is firmly established that pica poses great health 

concerns in children. The habit of geophagy is linked with malnutrition, hygiene 

practice, poverty and anemia. It is a public health hazard. According to Halsted (1968), 

geophagy is largely observable phenomena in low socio-economic population; 

however, pica is a worldwide eating disorder. The author asserted that pica is in 

practice since 10 B.C. and was practiced for medicinal use. 
 

Chatterjee and Gettman (1972) studied a population of 136 children and 

asserted that ingestion of lead as pica was prevalent aggressively among black 

children, which they claimed to be a permissive socialization of oral behaviour.  
The study of Hook (1978), on the basis of personal interviews with women after 

delivery, concluded that pica is a craving of pregnancy. Further Bothwell (1972) 

insisted on the nutritional deficiency theory of geophagy. Iron deficiency in children is 

responsible for geophagy. The author poised that most likely inadequate diet or 

 
 
 
 
 
 

anilfzk2323@yahoo.com 



 
86 5 Aetiology of Iron Deficiency in Children 

 

loss of iron, independently or together, results into iron deficiency and ultimately a 
craving for soil eating develops.  

Bothwell insisted that anemia is more prevalent in children who eat clay or 
starch.  

Vyas and Chandra (1984) described that geophagy is either the cause or result 

of iron deficiency in the body. Nevertheless, initiation of iron supplements has 

positive effects and often helps in the management of geophagy.  
Lackey (1982), a dietician, pointed out different hypotheses for the origin of 

pica. She presented a psychological origin, cultural cause, physiological cause, 

nutritional necessity and microbiological origin of pica.  
Soil eating is widespread in rural areas in India, some regions of United states 

and in African tribal population. According to Abraham (2003), geophagy is 

associ-ated with the customs and traditions, prevalent in their families.  
It is believed in some tribal belts that soil eating might sustain fertility where it 

is ingested to treat nausea and vomiting, while others believe that clay eating grati-
fies the calcium demands in pregnancy.  

A few children, generally, eat soil to overcome mineral deficiency. Soil 

particles interefere in absorption of iron in the small intestine. Hence, children 
suffer from anemia and malnutrition.  

Gupta (2015b) hypothesized that geophagy habit could lead to detrimental 

effects on health of children and executed a descriptive and cross-sectional 

research study that was comprised of total (n = 440) children in age group between 

2 and 5 years as in Graph 5.3. Sample population was selected by two-stage 

random selec-tion method from the city of Fazilka in India.  
The study revealed overall prevalence of around 9.4% geophagy among children in 

the city of Fazilka in India. This abnormal eating habit is due to different causes. 

Knowledge regarding its effects on the body are inconsistent. Generally, nutritional 

deficiency of minerals like iron, zinc and/or calcium inclines to the habit of geoph-agy. 

An individual takes to soil eating, probably to accomplish deficiency.  
In an earlier study by Gupta and Gupta (2005), prevalence of pica in children 

was 32%. Still another study by Ismail and Hill (1996) on children in three 
districts of Kazakhstan, they reported a prevalence 23.8% of geophagy in children.  

Another previous study by George et al. (2015) described 18% prevalence of 

geophagy in children under 5 in Bangladesh. Reasonable explanation for variation 

in prevalence of geophagy in under 5 children could be sample size, literacy rate, 

sampling site and socio-economic status of parents and geographical differences. 

Above hypothesis is augmented by Njiru et al. (2011). They stated that prevalence 

of geophagy differs between and within countries and is in range between 10 and 

75%.  
Another reason for flexible prevalence of geophagy was given by Young 

(2010). The author stated that underestimation of geophagy in children might be 

the result of hiding information due to humiliation, improper understanding and 

interpretation of the questionnaire by respondents. 
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Despite wide difference in prevalence of geophagy between present study and 
earlier study, a literature available in NLM, USA, accorded the prevalence 10– 

32% of geophagy in children between the age of 1 and 6 years.  
In another study by Vermer and Frate (1979), pica observed in 57% of the women 

and 16% of the children, but it was not found among adult males or adolescents.  
Conclusively, geophagy is dependent on multiple factors like socio-economic 

status of families, type of houses, literacy rate, weaning habits and medical 

facilities.  
However, geophagy is injurious to the health of children. Gupta (2015b) in the 

present study observed that (n = 115) children suffered from pallor of nail beds, 

whereas another (n = 325) children were normal, as shown in Graph 5.4. 

Moreover, the author (Gupta 2015b) observed odds ratio (OR = 82.8) between 

group of chil-dren with pallor and geophagy habit and other group of children with 

pallor and without geophagy habit. The author posited that children with the habit 

of soil eat-ing have around 82 times higher odds of developing pallor (anemia) in 

comparison to those who were not addicted to the habit of geophagy. Correlation 

was found statistically significant (p < 0.0001) with (χ
2

 = 111.46). 

Earlier study by Lanzkowsky (1959) involving 12 children from the department 

of child health, Red Cross war memorial children‘s hospital, Cape Town, South 

Africa, were found to have deficiency of iron. Correlation between soil eating and 

anemia was again supported by the previous work by Moore and Sears (1994).  
Miao et al. (2015) asserted 2.4 times higher probability of pica with soil eating 

in participants. In present study, the author assessed anemia among children by 

observation of nail beds in investigation. The author assumed the method to be 

simple, economical and rapid for anemia screening in preschool children, 

especially in rural population, slum areas and remote settings where laboratory 

facility is negligible.  
It was observed by Sinha et al. (2008) that pallor has a sensitivity 73% and 

speci-ficity 98% in detection of anemia as compared with WHO colour scale for 

Hb estimation.  
Sahli‘s haemoglobinometer is a simple and cost-effective method of determina-

tion of anemia. However, its use comprises aspiration of capillary blood, and 
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Graph 5.4 Showing prevalence of pallor among children 

 

children- under 5 are highly apprehensive about the needle prick, so its utility is 

overmarked by the non-invasive observational method involving the nail beds, 

palm, conjunctiva and mucosa of the mouth (Sheth et al. 1997).  
Generally, physicians clinically observe anemia by the first sign of pallor which 

is further verified by lab estimation. The clinical assessment method of anemia is 

more appropriate in surveys and remote settings or doctors; moreover, the author 

has his opinion that invasive method for estimation of anemia is not commendable 

to follow which in turn depends on time, severity and cost factors.  
Plausible explanation is that children eating soil are negatively affected in 

terms of absorption and dietary intake apart from other ill effects of soil eating on 

their body. Soil particles contain toxic elements which damage the epithelium of 

the small intestine. So absorption of nutrients is impaired. Children, as a 

consequence, suffer from energy and micronutrient deficiency (Prasad et al. 1983). 

Infants and toddlers have a natural tendency to concept formation by placing 

objects in their mouth. It is a physiological process. But a few children develop 

habit of eating nonedible substances during the period (Advani et al. 2014).  
Finding in present research is authenticated by Roselle (1970). The author 

claimed that additional cause of geophagy may be iron, zinc or calcium deficiency 

in children. Nevertheless, geophagy is observed invariably in children having iron 

deficiency. Probably, clay and/or starch particles chelate iron and render iron 

unavailable for absorption in the small intestine. But exact interrelation between 

iron deficiency and geophagy is uncertain.  
Say et al. (1969) reported severe hepatomegaly, bleeding tendency and delayed 

wound healing in children along border of Iran and Turkey. Children were 

observed to have iron deficiency and chronic soil eating tendency. Possibly, iron 

deficiency associated with zinc deficiency as per authors which resulted in 

secondary manifes-tations in the body. 
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5.7.3.1 Conclusion 

 
Good health is an outcome of balanced diet and good hygiene habits. Geophagy is 

ubiquitous in a poverty-dependent environment. It divests health of child, especially 

during formative period of child age. Educative, interceptive, corrective and reme-dial 

measures should be adopted to defeat it to save our future of mankind. 

 

 

5.8 HIV-Induced Anemia 

 

Anemia is a frequent haematological complication among children suffering from HIV 

infection (Moore 1999: Moore 2000). Anemia negatively affects the prognosis of HIV 

disease (Moyle 2002). It mars the clinical outcome of disease (Belperio and Rhew 

2004). Studies by Kuller et al. (2008), Ferruci et al. (2005) and Rawat et al. (2013)) 

strongly favour a relation between pathogenesis of anemia in patients suf-fering from 

HIV. The authors asserted that a number of pro-inflammatory cytokines are 

synthesized in the body of HIV patients which predispose to the development of 

anemia (Kreuzer and Rockstroh 1997; Scadden 1997: Coyle 1997).  
Anemia is decided as the predictor of HIV infection among adults and preschool 

children. A decline in the concentration of Hb is accompanied by the probability of 

progression HIV infection (Volberding et al. 2004). Anemia worsens the mortality of 

HIV-infected children (Volberding 2000, 2002; Mocroft et al. 1999a: Clark et al. 2002: 

Sullivan et al. 1988: Osterbauer et al. 2012; Malaba et al. 2007).  
Anemia has been observed in patients who are undergoing combination antiret-

roviral therapy (cART) for HIV and also in patients who have yet to start the treat-

ment (Redig and Berliner 2013). The hypothesis suggests that the virus itself may 

be responsible for the inhibition of erythropoiesis resulting in anemia.  
According to Blanc et al. (1968), for the diagnosis of anemia in HIV patients, a 

sharp cut-off has been suggested, and the value is Hb <10 g/100 ml. This cut-off 

has been applied for the study in Asia and Africa in HIV patients, as has been 

asserted by Blanc et al. (1968).  
Anemia in HIV is caused by drug toxicity. In a study performed by workers 

(Moore et al. 1992) on patients undergoing cART and patients who not following 

active treatment, it was observed that cART helped in recovering of anemia in 

HIV patients. The work is supported by another study (Anude et al. 2013), where 

it was proved that anemia was associated with those HIV patients who failed to 

comply with drug regimen and could not achieve viral suppression. So it was 

assumed that anemia in these patients is an indicator of treatment failure.  
Other studies (Moore et al. 1992; Russell et al. 2010; Mocroft et al. 1999b; 

Sullivan et al. 1990) support that anemia in HIV is a marker of the prognosis of 

disease. It refers to the progression of morbidity and mortality associated with 

HIV. These studies posited that virus has a dominant role in the cause of anemia.  
Anemia in HIV is multifactorial in origin. Each factor has its role in individuality 

and totality. Secondary infections in HIV patients can also cause anemia. HIV 
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patients living in endemic regions where malaria and helminthic infections are 

com-mon have higher susceptibility of developing signs of anemia (Redig and 

Berliner 2013). It is due to compromised immunity of these patients. Moreover, 

deficiency of micronutrients like iron, folate and cobalamin in HIV patients could 

be the addi-tional cause of anemia. Infection of HIV definitely leads to abnormal 

immune response. This condition exacerbates the pathogenesis of anemia. 

Molecular simi-larity has been advocated between erythropoietin (EPO) (Elliott 

and Sinclair 2012) of host and HIV-1 p17 protein (De Francesco et al. 2002). This 

mimicry could be the cause of synthesis of autoantibodies against endogenous 

EPO in HIV+ patients. It might cause dysregulation of erythropoiesis at the level 

of the bone marrow (Tsiakalos et al. 2011: Kordossis et al. 1997: Jubault et al. 

2000: Zandman-Goddard and Shoenfeld 2002: Kreuzer et al. 1997).  
According to Nyesigire et al. (2012), anemia in infected children is a major 

health problem especially in African regions. The study was conducted among 

HIV-- infected children in age between 3 months and 18 years. Nyesigire et al. 

(2012) observed around 57.6% prevalence of anemia in children with about 62% 

of the children had mild anemia, whereas approximately 5% of children suffered 

with severe anemia. They concluded that anemia was associated with HIV 

infection among children in Uganda clinic.  
A descriptive study was conducted by Enawgaw et al. (2015) among HIV-- 

infected children in age between 6 months and 14 years in the University of 

Gondar Hospital. They observed that around 1/5th of the total participants suffered 

from mild anemia and (Enawgaw et al. 2015) only 2% of the children had severe 

anemia, as per WHO cut-off for Hb.  
In developing countries, children are inflicted with nutritional anemia. 

Moreover, infection with HIV, additionally, deteriorates the iron store in the body, 

and the prevalence of iron deficiency anemia, according to Semba (2003), Brabin 

et al. (2001a, b) and Dhillon (2000), is exacerbated.  
Sipsas et al. (1999) reported the presence of autoantibodies in plasma against 

the endogenous erythropoietin. Therefore, the authors (Tsiakalos et al. 2010) 

posited the role of autoimmunity in the pathogenesis of anemia in HIV children.  
Autoimmunity has been explained by Stratton et al. (2009) and Benchley et al. 

(2006). Impaired control of T and or B lymphocytes might be implicated in the 

progression of autoimmunity against endogenous erythropoietin in HIV.  
Molecular similarity in sequence and/or structure between the host and 

pathogen could initiate an autoimmune reaction (Godschalk et al. 2004). Viral 

peptides can also initiate autoimmune response.  
A study by Calenda and Chermann (1992) reported the effect of human immuno-

deficiency virus on the erythroid cells. In vitro study demonstrated a direct inhibitory 

effect on the erythropoiesis by affecting the differentiation at the level of BFU-E and 

CFU--E. In another study by Calis et al. (2010), HIV-infected children suffered with 

anemia, and the number of CD34+ cells and erythroid progenitor cells in HIV-positive 

children with anemia was reduced in comparison to HIV− children with anemia.  
The authors have different views regarding the susceptibility of CD34+ cells 

towards AIDS virus. A study by Josefsson et al. (2012), Shen et al. (1999) and 
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Weihold et al. (1998) reported that these cells are non-responsive to AIDS virus. 

Contrarily, a study by Mcnamara and Collins (2011) and McNamara et al. (2013) 

have detected AIDS virus in the CD34+ haematopoietic progenitor cells, whereas 

the viral load in blood circulation was untraceable. Anemia in HIV sufferers may 

have varied aetiology, like deficiency of micronutrients, initiation of cART and 

AIDS virus; however, any cause of anemia in HIV is essentially accompanied by 

normochromic and normocytic erythrocytes, normal iron stores, low reticulocyte 

count and dysregulated erythropoiesis (Redig and Berliner 2013). These character-

istics are also observed in anemia of inflammation (Vanasse and Berliner 2010). 

Therefore, it can be asserted that pro-inflammatory cytokines, additionally, have 

profound effect on the pathogenesis of anemia in HIV.  
Administration of zidovudine in HIV-infected patients is commonly accompa-

nied by anemia. Richman et al. (1987) conducted placebo-controlled, double-blind 

clinical trial to find the effect of oral administration of azidothymidine in HIV 

patients. They (Richman et al. 1987) observed adverse effects of the drug in 

patients. Nausea, headache, muscle ache and insomnia were frequent symptoms. 

Bone mar-row suppression was posited by the authors (Richman et al. 1987) in 

patients. Further, they (Richman et al. 1987) noticed decline in Hb to 7.5 g/100 ml, 

charac-teristic of anemia in patients.  
Studies by Volberding et al. (1990) and Collier et al. (1990) posited that the 

severity of anemia in HIV patients receiving oral zidovudine is proportional to the 

dose of zidovudine and severity of HIV disease. Oral zidovudine has suppressive 

effect on the bone marrow and is predisposed to anemia (Fischl et al. 1990; 

Walker et al. 1988; Gill et al. 1987; Dainark et al. 1988; Falguera et al. 1995).  
Recent trend in the use of combination ART against HIV infection is associated 

with fewer adverse drug reactions in comparison to zidovudine alone. A study was 

conducted by Eron et al. (1995) involving the use of lamivudine and zidovudine in 

comparison to use of individual drugs for treatment of HIV infection. The authors 

confirmed that combination ART have high efficacy in combating HIV infection 

and lowering the plasma HIV-1 RNA levels and raising the CD4+ cells. The cART 

has least possible adverse effects than the use of either drug.  
Immunocompromised patients are prone to infection by Mycobacterium avium 

complex. AIDS patients in the advanced stage of disease are easy target for this 

type of complicated infection.  
These patients have high grade involving the bone marrow, hence suppressing 

erythropoiesis. A study conducted by Jacobson et al. (1990) at San Francisco 

General Hospital posited the direct correlation between MAC-induced bacteraemia 

and high probability for the need of blood transfusion. According to authors (Mata-  
- Marin et al. 2010), profound cause of anemia in HIV infection is the chronic 

blood loss in these patients resulting in haemorrhagic anemia.  
Erythropoiesis in HIV disease is decreased leading to anemia. It might be 

attrib-uted to bone marrow infection (Hambleton 1996), use of drugs for marrow 

suppres-sion (Levine 1999), AIDS virus(Coyle 1997) and decreased synthesis of 

erythropoietin (Spivak et al. 1989). 
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Exaggerated haemolysis in HIV infection is another major cause of anemia. It is 

the consequence of increased sequestration of erythrocytes in the spleen, synthesis 

of autoantibodies against erythrocytes, thrombocytopenia or deficiency of glucose-  
- 6-phosphate dehydrogenase (McGinniss et al. 1986; Rules et al. 1991; Blanche et 

al. 1994; Sasadeusz et al. 1990; Rarick et al. 1992).  
Still, another important cause for anemia in AIDS patients is deficiency of folic 

acid, vitamin B12 and iron. Malabsorption as a consequence of secondary infection of 

GIT in AIDS disease is the frequent cause of cobalamin and folic acid deficiency 

resulting in nutritional anemia (Harriman et al. 1989). A study by Griffin (1990) 

confirmed a reduced localized immunity in the gut mucosa due to HIV infection. It 

becomes a favourable ground for the expression of opportunistic enteric organism. 

However, a clear understanding of the compromised intestinal immunity in HIV 

patients is lacking. HIV-associated nutritional anemia and macronutrients defi-ciency 

lead to malnutrition in children (IPISG 1993; Schwenk et al. 1993; Salomon et al. 

2002; Kotler 1995; Ehrenpreis et al. 1994). According to Griffin (1990), auto-nomic 

neuropathy of jejunum could cause diarrhoea in AIDS patients. Malabsorption of fat 

and sugars might result in emaciation. The authors (Lambi et al. 1996; Asmuth et al. 

1994; Kotler and Orenstein 1998; Mor et al. 2009) observed the presence of 

microsporidia in HIV-infected patients who had chronic diarrhoea. 

 
 
 

5.9 Iron Deficiency Anemia in Coeliac Disease 

 

Coeliac disease is an autoimmune response to the mucosa of the small intestine, 
also known as gluten-induced enteropathy. Mucosal villi undergo atrophy with 

hyperplasia of crypts (Catassi and Fasano 2008).  
Nutritional anemia is a common symptom associated with coeliac disease. 

Deficiency of vitamin B12 and folate are the frequent consequence of coeliac dis-

ease; however, iron deficiency has also been reported with coeliac disease. It has 
been observed by Jones et al. (2006) that 46% of the patients suffering from sub-
clinical coeliac disease were associated with iron deficiency anemia. It implies that 
the absorptive capability of intestinal mucosa is diminished in those patients. 
Coeliac disease had not expressed clinically. But T cell-mediated immunity against 
the mucosa has caused degenerative changes in its structure and function. Iron defi-
ciency anemia was the first discernible symptom of the inflammatory changes tak-
ing place within the intestinal mucosa.  

Intact intestinal mucosa is a prerequisite for absorption of iron from diet. It 

occurs in proximal part of the intestinal mucosa. However, inflammatory changes 

derange normal architecture of the mucosa. Atrophy of mucosal villi is the promi-

nent feature. Hence absorption of iron and other micronutrients is impaired in -

coeliac disease. Iron deficiency anemia is the easily and essentially noticeable 

symptom in these patients (Halfdanarson et al. 2007). Therefore, iron deficiency 

among coeliac disease patients arises from its impaired absorption through the 
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mucosa of the small intestine as a consequence of atrophy of the villi. Its 
manifesta-tion is iron deficiency anemia.  

Additional cause of iron deficiency anemia in coeliac disease (CD) can be the 

loss of blood in faeces. It is not visible, but blood in faeces can be tested by faecal 

occult blood test. This assumption is proved by the work of Fine (1996), wherein 

occult blood test was conducted in 34 patients who suffered from coeliac disease. 

CD patients were grouped as partial atrophy of the villi and complete atrophy of 

the villi. Occult blood test was positive in 25% of the patients with partial villi 

atrophy, whereas 54% of the patients with complete villous atrophy had symptom 

of occult blood loss. Persistent and prolonged blood loss from the damaged 

intestinal mucosa invariably results into iron loss from the body. Occult blood loss 

in coeliac disease is negatively supplemented with defective iron absorption. 

These factors, collec-tively, contribute to iron deficiency anemia in CD patients.  
Still another cause of anemia in coeliac disease is the autoimmune-mediated 

chronic inflammation in the mucosa of the intestine. It is called as anemia of inflam-

mation. Coeliac disease is an autoimmune-mediated disorder of the intestinal mucosa 

affecting genetically predisposed individuals with equal age predilection.  
Anemia of inflammation also known as anemia of chronic disease is the conse-

quence of chronic infection, inflammation and/or malignancy in the body and is 

characterized by low serum iron despite the presence of normal iron body store. 

Haemoglobin level in anemia of inflammation is usually 8 g/100 ml. It is 

associated with normal shape and normal Hb content of erythrocytes (normocytic 

normochro-mic). Iron deficiency anemia is associated with hypochromic 

microcytic RBC. Clinically, it is difficult to delineate both the types of anemia, 

and they exist together in any chronic inflammation (Cartwright and Lee 1971).  
Nutritional anemia, predominantly, iron deficiency anemia, is commonly 

observed in coeliac disease as an outcome of impaired absorption of 

micronutrients by intestinal mucosa; nevertheless, scarce research has been done 

to find out the presence of anemia of inflammation/anemia of chronic disease in 

patients suffering from coeliac disease.  
It is hypothesized that anemia of chronic disease should be prevalent in coeliac 

disease with or without the presence of iron deficiency anemia. The assumption is 

based on the fact that coeliac disease is characterized by the T cell-mediated 

intense inflammation of the intestinal mucosa in response to the antigenicity of 

gluten in diet.  
Bergamaschi et al. (2008) conducted a study over 152 patients affected with coeliac 

disease. it was detected that (Bergamaschi et al. 2008) 42% of the patients with coeliac 

disease were suffering from anemia. Further analysis (Bergamaschi et al. 2008) 

yielded that 81% of the patients out of 42% of anaemic patients had iron deficiency 

anemia. Another 16% (Bergamaschi et al. 2008) of the patients suffered from low 

serum erythropoietin level and raised serum interferon-gamma level. This observation 

could be indicative of anemia of chronic inflammation in coeliac -disease patients. 

Patients of both the types of anemia were given gluten-free diet(Bergamaschi et al. 

2008). Anaemic condition improved, and response to gluten--free diet was equally 

effective in iron deficiency anemia and anemia of chronic disease. 
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Inflammatory changes of the intestinal mucosa regressed following gluten--free 

diet. Hence, absorption of micronutrients enhanced, and pro-inflammatory 

cytokines level in the blood circulation was normalized. 
 
 
 

5.9.1 IL-6-Hepcidin-Hypoferraemia 

 

Hypoferraemia is the main characteristic (Elizabeta et al. 2004) sequel of anemia 

of chronic inflammation. Iron remains locked in the storage sites. There are three 

prominent iron storage tissues in the body. The first is the intestinal mucosal cells. 

The second is the hepatocytes, and the third is the macrophages which contain iron 

that was sequestered and recycled from the senile erythrocytes. Hence, the main 

cause of low serum iron in anemia of chronic inflammation is the impaired iron 

export from storage site to circulation, thereby restricting the availability of iron to 

bone marrow for erythropoiesis. Hepcidin is the principal regulator of iron in the 

body. It is a peptide hormone secreted by the liver. During inflammation, the liver 

increases its secretion. In coeliac disease, interferon-γ and interleukin-6 level is 

raised. These cytokines induce the hypersecretion of hepcidin. It interferes with 

iron transport. 
 
 
 

5.9.2 Hepcidin-Induced Ferroportin Degradation 

 

Hepcidin binds to ferroportin, a peptide responsible for iron export from within the 

cells to the outside into circulation. Ferroportin undergoes conformation changes 

in response to binding with hepcidin. Ferroportin is degraded. Export of iron is 

pre-vented and in turn results into low serum iron level in anemia of chronic 

inflamma-tion (Nemeth et al. 2004). 
 
 
 

5.9.3 Erythrophagocytosis 

 

Additional assertion in anaemic of infection is the premature phagocytosis of 

eryth-rocytes. It was studied by Freireich et al. (1957) with the help of radioactive 

iron in patients with juvenile rheumatoid arthritis. It was found that RBC survival 

was higher in healthy patients in comparison to RBC in anemia of inflammation.  
Possibly, chronic inflammation provokes the synthesis and release of 

interleukin-6,- interleukin-1 and interferon-γ. These peptides stimulate 

macrophages. So macrophage--mediated phagocytosis of erythrocytes is the 

common feature in -anemia of inflammation. Low RBC count due to excessive 

destruction and prema-ture lysis is responsible for anemia in infection and 

inflammation as is seen in coe-liac disease. 
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5.9.3.1 Suppression of Erythropoiesis by Inflammation 

 
Furthermore, erythropoiesis in inflammation and infection is inhibited causing ane-

mia. Pro-inflammatory cytokines like TNFα, IL-1 and IFN-γ, principally, suppress the 

erythropoiesis in bone marrow. These cytokines suppress the activity of ery-throid 

progenitors. Libergts et al. (2011) developed a mouse model to assess effect of IFN-γ 

on erythropoiesis. It was observed that hyper-synthesis of IFN-γ in mice resulted in 

development of anemia. It was due to decrease in lifespan of RBC owing to 

macrophage-mediated phagocytosis in the spleen. Also, suppression of erythro-blasts 

and committed stem cells (BFU-e) was a prime feature in mouse model.  
Nutritional anemia, predominantly, the iron-deficient anemia, is a common fea-

ture in patients with coeliac disease. Low serum iron is a manifestation of iron 

deficiency anemia associated with declined serum ferritin level. However, it is 

unex-pected to find serum ferritin level raised in anaemic patients. A study was 

conducted by Harper et al. (2007) on a cohort of 405 patients diagnosed with 

coeliac disease. Iron deficiency was observed in around one-third of the total male 

patients and one-fifth of the total female patients. IDA was the feature in one-fifth 

of the total patients. Majority of anaemic patients showed low serum ferritin level, 

except one--tenth of the total anaemic patients who showed high serum ferritin 

level. This observation further asserts that iron deficiency anemia is associated 

with anaemic of chronic disease in coeliac disease patients. Ferritin is an acute 

phase reactant protein (IDI 2009).  
In coeliac disease, autoimmunity is directed towards the intestinal mucosa. So 

inflammation of the mucosa of the intestine elevates the serum ferritin level. 
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Chapter 6 

Laboratory Estimation of Iron in Body 
 
 
 
 
 
 

 

Abstract Haemoglobinometry is the effective method of assessing haemoglobin 

concentration in blood. Cyanmethaemoglobin method is based on the conversion 

of haemoglobin into cyanmethaemoglobin. Its absorbance is recorded at 540 nm in 

a colorimeter, and its intensity of colour is proportional to concentration of Hb. 

HemoCue method is an easy, portable and rapid measurement system. Colour 

scale method by the World Health Organization is another inexpensive, easy and 

rapid method for estimation of haemoglobin. This method is highly suited to field 

study where limited resources are the main hindrance to the access of medical 

facilities. Serum ferritin level is an important biochemical indicator of body iron 

store. Ferritin level in body correlates with the iron store of body. Serum iron test 

measures iron content available in plasma. Serum iron, TIBC and transferrin 

saturation, collec-tively, can be a valuable tool for diagnosis of iron deficiency 

anemia and anemia of inflammation in children. 
 
 
 

6.1 Haemoglobin Estimation 

 

Haemoglobinometry is an effective method of assessing haemoglobin concentration in 

blood which portrays anemia. Hb can be estimated by methods like haemoglobin 

colour scale, Sahli technique, Lovibond–Drabkin technique, Tallquist technique, 

HemoCue, cyanmethaemoglobin method and automated haematology analysers. Each 

method is based on its unique principle. Some methods are obsolete, whereas a few 

methods are expensive and need skilled staff and equipments. 

 

 

6.1.1 Haldane Method 

 

Haldane method is the oldest technique of Hb assessment. This method assesses the 

carbon monoxide carrying capacity of blood. But method is obsolete today due to 

availability of newer methods which are reliable and easier to perform. This method 

needs a source of CO as a standard for reference. Moreover, commercial reference for 

CO is not reliable (Clegg and king 1942). So Haldane method of Hb estimation 
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is not practised by laboratories. However, every method has its unique feature 
and is associated with advantages and disadvantages. 
 
 
 

6.1.2 Dare Method 

 

In the Dare method, whole blood fills the glass chamber by capillary action. The 

chamber is provided with an electric bulb as a source of illumination. The colour 

of blood in the chamber is compared with a standard by observing through an 

eyepiece (Stone et al. 1984; Elwood and Jacob 1966). Colour comparison is the 

basis of Hb estimation in Dare method. 
 
 
 

6.1.3 Lovibond–Drabkin Method 

 

Lovibond–Drabkin method estimates cyanmethaemoglobin. Blood sample is 

mixed with a solution and kept undisturbed for the next 3 min. Thereafter, the 

colour of blood is matched with a colour standard on discs, which gives the value 

of haemo-globin. According to a study by van Lerberghe et al. (1983), this method 

is better in comparison to others which employ comparator for Hb estimation.  
However, the cost of discs is high, and the method has subjective bias due to 

interpretation of colour. 
 
 
 

6.1.4 Tallquist Method 

 

In the Tallquist method, a blood drop is placed on a strip of blotting paper. Again, 

the colour of blood sample is compared with a colour standard, and Hb concentra-

tion is estimated. In this method, colour matching is difficult (Elwood and Jacob 

1966). 
 
 
 

6.1.5 Spencer Method 

 

Spencer method makes use of a drop of blood which is placed over one half of 

glass chamber. A stick smeared with saponin is used to stir the blood drop. Glass 

chamber is covered by cover glass, and it is introduced into a slot provided in the 

instrument. An electric bulb transmits green light through the blood drop and is 

compared with a standard on a split screen. Haemoglobin concentration is 

interpreted in (g/100 ml) unit (Stone et al. 1984; Elwood and Jacob 1966). 
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6.1.6 Copper Sulphate Method 

 

Copper sulphate method is based on gravity principle to assess Hb level. Copper 

sulphate solution of known specific gravity is used. Its gravity is equivalent to the 

gravity of blood which contains 100 g/L of haemoglobin. Blood droplet is allowed to 

move in copper sulphate solution. Next time, test is performed with a copper sulphate 

solution of specific gravity equivalent to blood containing 80 g/L of Hb (Stone et al. 

1984). This method is suitable for Hb estimation in blood donor selec-tion. Blood 

samples are grouped into less than 80 g/l, 80–100 g/l or above 100 g/l value, and 

according to a study by Sawant et al. (2007), this method gives the value of Hb in a 

range and beset with subjective bias. The traditional method being used for donor 

screening at many blood centres. Though a traditional and cheap method of donor 

screening, it does not provide accurate value of Hb (Philipps et al. 1950; Ross et al. 

1986; Radtke et al. 2005). Precision by copper sulphate method is not acceptable 

(Ugwu et al. 1986; Morse et al. 1987; Sawant et al. 2007). 

 
 
 

6.1.7 Direct Cyanmethaemoglobin Method 

 

Cyanmethaemoglobin method is based on the conversion of haemoglobin into cyan-

methaemoglobin. Its absorbance is recorded at 540 nm in a colorimeter (Nkrumah et 

al. 2011). Intensity of the colour produced is proportional to the concentration of Hb. 

A fixed amount of blood is added to 5 ml of Drabkin‘s solution. It is allowed to stand 

for 2–4 h. The colour of cyanmethaemoglobin is read in a spectrophotometer or 

colorimeter at a wavelength of 540 nm against a standard blank. This method was 

regarded as gold standard for Hb estimation (DeMaeyer et al. 1989). 

Cyanmethaemoglobin method is advocated by the International Council for 

Standardization in Haematology, according to Zwart et al. (1996) and ICSH (1987). 

However, its main drawback is the necessity of venipuncture. This method requires a 

laboratory setup along with the need of a technical person to handle spectropho-

tometer. Its use in remote areas and in field survey screening of anemia is difficult.  
According to Shah et al. (2011), direct cyanmethaemoglobin method (HiCN) is 

employed by most of the laboratories in rural areas. Cyanide method has 

associated disadvantages. First, the reagent is a potential threat to the environment. 

Second, turbidity in cyanide method causes inaccuracy while recording 

absorbance at 540 nm wavelength. 
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6.1.8 Indirect Cyanmethaemoglobin Method 

 

Indirect cyanmethaemoglobin method finds its suitability in an area which has lim-ited 

laboratory setup. It can be used in field surveys for screening of anemia. In this 

method, 20 μL of blood is taken, and it is poured over the Whatman No. 1 filter paper. 

After the filter paper has dried up, it is transferred into a plastic bag which is properly 

labelled. The bag is packaged for laboratory analysis of Hb. Dried filter paper is 

inserted into a test tube containing 5 ml of Drabkin‘s solution. Dried blood spot and 

Drabkin‘s solution are thoroughly mixed over a vortex for 5 min, and there-after, it is 

allowed to stand for 2 h. The colour of the solution is read in a spectropho-tometer at a 

wavelength of 540 nm. Total time between procurement of blood drop and lab analysis 

is recommended to be 6 days as per ICMR (2001). 

 

 

6.1.9 HemoCue Method 

 

It is an easy, portable and less time-consuming Hb measurement system. It is 

made up of a specially designed battery-operated photometer and a set of 

microcuvettes. A precise amount of blood, 10 μL, is taken and transferred in a 

microcuvette. Undiluted blood is used for Hb estimation. Blood in microcuvette 

interacts with sodium deoxycholate. Erythrocytes undergo haemolysis and release 

haemoglobin. Sodium nitrite in the procedure changes haemoglobin to 

methaemoglobin, which in turn reacts with sodium azide giving rise to 

azidemethaemoglobin. Its absorbance is recorded at two wavelengths of 565 nm 

and 880 nm (Adam et al. 2012; von Schenck et al. 1986). The entire process takes 

around 40–60 s (Ingram and Lewis 2000; van den Broek et al. 1999; Lewis et al. 

1998; Lewis and Emmanuel 2001; Critchley and Bates 2005; Akhtar et al. 2008).  
HemoCue system is an easy, reliable and quantitative method of Hb estimation. 

It is best suited in field surveys (Van Schenck et al. 1986). It is a single-step 

proce-dure which does not require any reagents. Paramedical staff without any 

specific training can work on this apparatus. HemoCue system is a satisfactory, 

accurate and precise laboratory method (John and Lewis 1989).  
HemoCue method has a sensitivity of 94.1% and specificity of 95.2% when 

com-pared with 90.1% and 94.2% for direct cyanmethaemoglobin method (Akhtar 

et al. 2009).  
Long-term field experience has also shown the instrument to be stable and 

dura-ble. These features make it possible to include haemoglobin determinations 

in mul-tipurpose health and nutrition surveys (Dacie and Lewis 2001). 
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6.1.10 Sahli’s Method 

 

In Sahli‘s method, a fixed amount of blood is taken in a Hb test tube. It is mixed 

with HCl of 1/10 normality. Hb is converted into dark brown-coloured hematinic 

acid. Colour intensity is matched with a standard. Sahli‘s method is routinely 

practised in labs situated in remote areas and in hospitals. It is an easy, cost-

effective and simple method for Hb assessment. However, its disadvantage is the 

subjective bias and interobserver variability when the colour of acid haematin is 

matched with the colour of standard. Further, the colour of standard is liable to 

fade with time. Hence, despite its simplicity, its sensitivity and reliability are poor 

in comparison with cyanmethaemoglobin method for screening of anemia 

(Balasubramaniam and Malathi 1992). 
 
 
 

6.1.11 Automated Haematology Analyser 

 

Automated haematology analyser is an expensive and accurate equipment for Hb 

estimation. The system requires trained staff and in-house establishment. Precision 
of HemoCue system is lower in comparison to automated analyser. 
 
 
 

6.1.12 NBM-200 

 

NBM-200 utilizes a sensor and is a non-invasive instrument for Hb estimation. 

Sensor is kept on the thumb, and optical reading is taken after temporary blood 
flow occlusion (Kim et al. 2013).  

In rural areas and remote places where lab facility is unavailable, anemia is 

diag-nosed by clinical sign like pallor over the conjunctiva, palm, nail beds and 

lingual mucosa. This method is easy and rapid and needs a little knowledge to 

diagnose moderate to severe anemia. In rural areas, haemoglobin colour scale is a 

lab method; as per WHO, it has a sensitivity and specificity of 95% and 99.5%, 

respectively (WHO 2001).  
However, a study by Anand et al. (2009) and Aldridge et al. (2012) has asserted 

that haemoglobin colour scale does not furnish clinically acceptable accuracy. 

Contrarily, in another study by Montresor et al. (2000) and Timan et al. (2004), 

HCS has been confirmed for field study. In a latest study by Darshana and 

Uluwaduge (2014), HCS does hold necessary accuracy for screening anemia in 

blood donation. However, it can very well replace older copper sulphate method 

employed in blood donation. HCS can also be used for estimation of Hb levels in 

infants up to 4 months of age (van Rheenen and de Moor 2007). 
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Moreover, haemoglobin colour scale is subject to variable reading for the same 

sample if observed by different operators. It cannot detect a change in Hb concen-

tration of less than 1 g/100 ml (Bates et al. 2007).  
Sahli‘s method is used in primary health-care centres (Barduagni et al. 2003; 

Lindblade et al. 2006) for Hb estimation. It is still used in hospitals, but it is 

subject to subjective bias in colour comparison, fading of comparator easily and 

poor sen-sitivity. However, cyanmethaemoglobin method has better sensitivity 

than Sahli‘s method for use in hospitals (Balasubramaniam and Malathi 1992). 

Cyanmethaemoglobin method is gold standard, but its use is limited to hospitals 

and well-established labs.  
Automated haematology analyser has high accuracy and precision than 

HemoCue system (Adam et al. 2012). NBM-200 method has a lower sensitivity 

and specificity in comparison to HemoCue (Kim et al. 2013). 
 
 
 

6.1.13 WHO Haemoglobin Colour Scale Method 

 

Children and pregnant women have the greater vulnerability towards anemia, 

espe-cially more in developing countries than developed ones. Haemoglobin 

content of blood is the reliable indicator of anemia as far as clinical findings are 

concerned (WHO 2001; Ingram and Lewis 2000).  
Colour scale method by the World Health Organization is the most inexpensive, 

easy and rapid method for estimation of haemoglobin. This method is highly suited to 

field study where limited resources are the main hindrance to access to medical 

facility. Colour scale uses a small card which has six shades of red colour. Shades 

represent haemoglobin concentration at 4, 6, 8, 10, 12 and 14 g/dL (WHO 2001).  
Shades of red represent standards with which the colour of a drop of blood is 

matched. Shades follow each other in a row incessantly. Series of shades are 

mounted on a white-coloured rigid sheet made up of polyvinyl chloride or polypro-

pylene. Each standard blood drop is captured on a Whatman 31ET filter. Blood 

drop forms a regular spot. The colour of blood sample on filter paper is matched 

with the colour standards consecutively (Stott et al. 1998).  
WHO colour scale was initially prepared for anemia screening in obstetrical 

clin-ics and paediatric wards, to assess anemia associated with malaria and 

hookworm infections, in donor selection before blood transfusion and 

epidemiological surveys.  
According to Gies et al. (2003), sensitivity for the haemoglobin differed at 

diverse Hb concentration. It was 42.9%, 33.3% and 43.5% for Hb values <9 g/dL, 

<10 g/dL and <11 g/dL, accordingly. Nonetheless, haemoglobin specificity was 

high for all three categories of Hb.  
Colour scale by WHO is a semiqualitative method of Hb estimation and has been 

adopted and practised successfully for screening anemia in remote areas, primary 

health centres and field studies. Its reading can be correlated with the clinical find-ing; 

hence, colour scale aids in the confirmation of mild to moderate anemia. 
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However, its usefulness is unpredictable in severe anemia. According to Crichtley 

and Bates (2005), its sensitivity and specificity were very high in laboratory-based 

studies however reduced significantly in field studies.  
Authors (Montresor et al. 2000) designed a study to assess the performance of 

WHO colour scale developed by Stott and Lewis, in the detection of anemia in a 
primary health centre.  

The study covered preschool children. A significant correlation was noticed 

between the observations of colour scale and HemoCue system. Colour scale read-

ing detected mild anemia in 353 (85.2%) of the children out of the total 415 

anaemic children as determined by HemoCue. Further in the same study, colour 

scale assessed severe anemia in 13 (73.6%) children out of the total 19 children. 

Colour scale method is a beneficial tool in Hb estimation. It is a cost-effective, 

simple, time-- sparring and user-friendly method in remote settings with 

inadequate laboratory facility. 
 
 
 

6.2 Serum Ferritin 

 

Serum ferritin level is an important biochemical indicator of body iron store. 

Ferritin level in body correlates with the iron store of body. Another advantage of 

ferritin level over Hb in anemia detection is that ferritin level does not fluctuate in 

altitude. A drop in serum ferritin level always reflects a fall in body iron store, 

hence a pre-requisite for iron deficiency excluding the presence of any infection or 

inflammation in body. Presently, it is the most important parameter for the iron 

status measure-ment. Because ferritin is an acute-phase response protein, hence, in 

infection, the presence of alcoholic liver disease and occasional blood transfusion, 

its concentra-tion increases during the above conditions, thereby no more 

reflecting the status of the iron store.  
Therefore, serum ferritin in the normal range reflects iron sufficiency in the 

absence of any infection or inflammation. Utility of ferritin value in the screening 

of anemia in field study is questionable in areas where there is a high prevalence of 

malaria, helminth infection and environment enteropathy.  
According to Gibson (2005), normal ferritin level changes with age. Except 

dur-ing the first 2 months of postnatal life, its level decreases in later part of 

infancy. Later on, by the end of the first year of life, ferritin level starts rising and 

keeps on increasing until adulthood.  
A cut-off value for serum ferritin has been generally considered as 15 ng/mL 

for children ≥5 years of age and 12 ng/mL for children <5 years of age. These 

values are indicative of low body iron store (WHO 2001). 
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6.3 Serum Iron/Total Iron-Binding Capacity (TIBC) 

 

Serum iron test measures the iron content available in plasma. About 65% of the 

body iron is present in the form of haemoglobin in blood circulation. Myoglobin 

contains around 45% of iron. Another 30% of the iron remains distributed in the 

bone marrow, spleen, liver and other tissues. Serum iron test cannot estimate the 

iron in these tissues. Plasma contains a fraction (1%) of the total body iron. Serum 

iron test depicts the presence of iron in circulation that is available for erythropoie-

sis. Its normal value in children ranges between 50 and 150 μg/100 ml. A value 

lower than the 50 μg/100 ml is indicative of iron deficiency in the body. 

Nonetheless, serum iron value undergoes diurnal variation. It becomes a flaw in its 

utility in screening for anemia in population survey and field study. Iron molecules 

remain bound to the binding sites on transferrin molecule.  
TIBC test describes the amount of total protein that is associated with iron mol-

ecules. However, transferrin is the chief protein that remains attached to iron. 

Therefore, TIBC is indicative of the amount of transferrin present in circulation. 

Its normal value is between 240 and 450 μg/dL.  
Normal value may vary slightly among different laboratories. TIBC is inversely 

proportional to iron level in the body. Its value rises in iron deficiency in the body. 

But its value lower than normal conceives anemia of inflammation, pernicious 

ane-mia and haemolytic anemia (Yee et al. 2008). 
 
 
 

6.4 Transferrin Saturation Test 

 

Transferring saturation is expressed in percentage, and it is the ratio of the serum iron 

to the total iron-binding capacity. Its normal value is between 20 and 50%. Its value is 

indicative of the percentage of saturation of transferrin. At a time, nearly 30% of the 

sites on transferrin remain occupied by iron molecules. A value of <20% is descriptive 

of iron deficiency in the body. Its utility is limited by physiological and diurnal 

variability. Furthermore, transferrin saturation remains low iron defi-ciency and the 

anemia of inflammation. Its assay requires availability of sophisti-cated laboratory and 

skilled manpower. Serum iron, TIBC and transferrin saturation, collectively, can be a 

valuable tool for diagnosis of iron deficiency anemia and ane-mia of inflammation in 

children. Furthermore, it is dubious whether these tests can be performed in slum 

areas, in village settings and in remote areas with inadequate lab equipments and 

paucity of skilled technician (Williamson et al. 2011). 
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6.5 Red Blood Cell Zinc Protoporphyrin 

 

Iron is associated with the heme in haemoglobin molecule. In condition of iron 

deficiency in body, zinc gets the opportunity to associate with protoporphyrin to 

form zinc protoporphyrin. So estimation of red blood cell zinc protoporphyrin 

con-tent is indicative of iron deficiency state (Labbe et al. 1999).  
According to Cook (2005), a rise in the concentration of zinc protoporphyrin 

posits iron deficiency in the body. However, the presence of acute inflammation 

and/ or infection limits the release of iron from body store into circulation despite 

the adequacy of iron store. Therefore, an increase in ZPP level is truly indicative 

of iron store of body in the absence of inflammation. Another factor that restricts 

the wide-spread use of ZPP in screening of anemia is the high cost and the need of 

sophisti-cated laboratory and skilled technician. So the test cannot be employed in 

anemia detection in areas which have high prevalence of malaria, helminth 

infection, diar-hoea and/or poor environmental conditions (Cook 2005). 
 
 
 

6.6 Serum Transferrin Receptor Concentration 

 

Serum transferrin receptor (sTfR) concentration is not influenced by the presence 

of inflammation or infection in the body (Weiss 1999). According to Feelders et 

al. (1999), sTfR concentrations are correlated with the number of receptors present 

on the surfaces of RBCs. As in iron-deficient state, serum transferrin receptor 

concen-tration rises due to raised expression of transferrin receptors on iron-

deficient eryth-roblasts. Therefore, sTfR concentration is an indicator of 

erythropoietic activity and functional iron deficiency in erythroblasts.  
Unlike ferritin, transferrin saturation and ZPP tests, sTfR concentration is not 

affected by the inflammation in the body. 
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Chapter 7 

Consequences of Iron Deficiency Anemia 
 
 
 
 
 
 

 

Abstract Iron deficiency anemia impedes the normal growth and development of 

children. Severity of its effect is noticeable even in infancy. Children lacked 

proper motor functioning and cognitive development as memory and recall. These 

children score poorer in arithmetic and written work.  
Early childhood embodies an active period of growth and development and is 

remarkable for maximum growth of neural tissues in the central nervous system. 

Myelination of the neurons in the inner region of the brain occurs during this 

period. The process continues for the first 4 years of life, and adequate iron store 

with micronutrients is highly essential in this period. Iron deficiency and 

associated ane-mia, perpetually, deviate the normal structure and functioning of 

the brain, espe-cially, in children during the period of rapid growth spanning 

around 0–4 years. Iron deficiency limits the oxygen-carrying capacity of blood and 

constrains the supply of oxygen to body tissues, visceral organs and skeletal 

muscles. Iron is crucial in the differentiation and proliferation of macrophages, 

monocytes and lymphocytes. Iron deficiency results into attenuated cytotoxic 

activity of macrophages. Lymphocyte proliferation was reduced significantly in 

the spleen and in purified T-cell popula - tion in iron deficiency state. 
 
 
 

7.1 Overview 

 

At birth, iron store of the body is sufficient to meet the body‘s demand in the coming 

4–6 months of infancy. However, after the sixth month of infancy, the body growth 

increases rapidly. Blood volume and cell mass expand. Inherent iron store of body is 

consumed. These factors, collectively, impose a higher demand for iron in the body. 

According to (IOM 2000), it has been estimated that daily dietary iron demand rises by 

0.78 mg in children during the second half of infancy (IOM 2000).  
Leung and Chan (2001) asserted the need for higher daily intake of dietary iron 

during the period between 6 and 24 months of life owing to rapid growth of body 

tissues. Therefore, children during the abovesaid periods are prone to iron defi-

ciency and iron deficiency anemia.  
Adolescence is another period of active growth in the life of human. Onset of 

puberty creates high demand for micronutrients, especially iron and semi-essential 

amino acids in the body. Hence, children during puberty stage are again predisposed 
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to ID and IDA. Adolescence is associated with the menarche in girls and has 

higher prevalence to ID and IDA due to blood loss in comparison to adolescent 

boys (Thane et al. 2003).  
According to Ferrara et al. (2006), multiple factors determine the prevalence of 

ID and IDA in infants, preschool children and adolescents. Inadequacy of dietary 

iron is one of the important predisposing factors for ID. Additionally, low 

socioeco-nomic status, food habits, sanitation and hygiene, malabsorption 

syndrome and environmental enteropathy, definitely, influence the iron store of 

the body and, hence, are determinants of ID and IDA in children.  
According to WHO (2002), about 20% of the children below the age of 4 years 

are suffering from iron deficiency in industrialized countries, whereas the preva-

lence of iron deficiency in children in the same age group in developing countries 

is 39%. Non-industrialized developing countries are facing a high burden of iron 

defi-ciency and iron deficiency anemia in children during preschool age group.  
According to WHO and FAO (2006), the highest (30–55%) prevalence of IDA 

is noted in adolescents. Truly, the fact synchronizes with heavy iron requirement 

due to rapid growth in puberty, and additionally, onset of menarche in girls results 

into blood loss. Preschool children and school children suffer from 25 to 40% 

preva-lence of IDA, respectively.  
With the lack of a globally acclaimed cut-off value for iron level in serum, it 

becomes difficult to assess the iron deficiency in infants and children. IDA affects 

the health of infants and children negatively. IDA impairs cognitive development, 

delays psychomotor skill acquisition, retards physical growth, modulates immunity 

and adversely affects the social and academic traits (Idjradinata and Pollitt 1993).  
Infancy and preschool age represent the periods of rapid growth which requires 

additional dose of iron. Research substantiates the need of iron for proper growth 

and development. On the contrary, physical growth, cognitive development and 

motor skills are severely affected in preschool children (Lozoff 2003).  
According to Lozoff et al. (2000), iron deficiency anemia impedes the normal 

growth and development of children. The severity of its effects is noticeable even 

in infancy. Children lacked proper motor functioning and cognitive development 

as memory and recall. These children scored poorer in arithmetic and written 

work. Anaemic children exhibited attention deficiency, anxiety and problems in 

social interaction. These children had problematic behaviour. Another important 

fact was the continuation of ill effects of iron deficiency anemia on children at 

developmen-tal level and behaviour which persisted for the next 10 years after the 

institution of iron therapy. Hence, iron deficiency anemia leaves indelible marks 

on the physique, psyche and intellectuality of preschool children.  
Early childhood embodies an active period of growth and development and is 

remarkable for maximum growth of neural tissues in CNS. Myelination of the neu-rons 

in the inner region of the brain occurs during this period. The process continues for the 

first 4 years of life, and adequate iron store with micronutrients is highly essential in 

this period. Circuit is an interconnection of components which serves a particular 

function. Neural circuit is the interlinking and interplay among neurons in the brain. 

Neural circuits are the chief processors of vast information which is 
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received, modified and relayed to body tissues. These are developed in the brain 

during the first 3–4 years of life. The role of iron in the neurodevelopment is not 

yet elucidated fully. Iron is necessary for myelination of neurons and neural circuit 

formation (Lozoff and Black 2004).  
Iron is necessary for biosynthesis of neurotransmitters like dopamine, serotonin 

and adrenaline. Iron is a cofactor in the catalysis of tyrosine to L-DOPA and 

trypto-phan to serotonin by enzymes tyrosine hydroxylase and tryptophan 

hydroxylase. ID is responsible for inactivity of these enzymes and, hence, a 

depletion of neurotrans-mitters which are necessary for cognitive and motor 

development in children (Beard et al. 2003).  
Iron deficiency and associated anemia, perpetually, deviate the normal structure 

and functioning of the brain, especially in children during periods of rapid growth 

spanning around 0–4 years. Consequence of iron deficiency anemia has a wide 

spectrum during the period of rapid growth. Ill effects of iron deficiency anemia on 

children persist throughout life. Iron is the basic and necessary element of the 

human body that is essential for extensive physiological activities. Manifestations 

of iron deficiency range from cellular dysfunctioning to organ failure. Abnormality 

in the electron transport system is the innocuous effect of iron deficiency. 

Nonetheless, iron deficit may have profound injury on the organ. The oxygen-- 

carrying capacity of blood is decreased. The brain is the highly sensitive organ to 

hypoxic hypoxia. IDA severely cripples the psychomotor development, cognitive 

development and growth of children. Children become susceptible to infections.  
Iron deficiency anemia is the major health hazard affecting nearly two billion 

population of the world, and iron deficiency is one of the chief nutritional 

deficien-cies as projected by Stoltzfus and Dreyfuss (1998).  
Children in growing age group, pregnancy and lactation demand high dose of 

iron due to raised anabolic processes during the former physiological periods in 

human life. Iron deficiency exacerbates, particularly, in those regions where daily 

food consumption comprises strictly the vegetarian diet. Moreover, children facing 

pitiable environmental conditions and those exposed to worm infection require 

comparatively more iron to supplement its daily loss due to cumulative effect. 

According to WHO/International Nutritional Anemia Consultative Group/United 

Nations Children‘s Fund (WHO/INACG/UNICEF 2001) guidelines, iron and folic 

acid should be given as supplements in addition to dietary intake to children and 

pregnant women throughout the world in those areas with high prevalence of 

nutri-tional anemia.  
Iron deficiency anemia has a causal relationship with mortality in children 

espe-cially in regions of the world where there is high prevalence of malaria and 

associ-ated severe anemia in children. This cause and effect relation holds true in 

sub-Saharan Africa. The effect is further compounded in the presence of malnutri-

tion. These factors exhaust the sources for calorie intake, increase the demand for 

energy and aggravate the energy loss and derange the calorie homeostasis of the 

body. So iron deficiency and malnutrition, collectively, increase the mortality in 

children. 
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Preschool-aged children in sub-Saharan Africa survive in a precarious state of body 

iron store and have higher susceptibility to iron deficiency and IDA. Endogenous iron 

store of the body depletes during the age of 4–6 months. Demand for dietary iron is 

raised during this period due to increase in blood volume and body tissues. Rapid 

erythropoiesis further marginalizes the iron store of the body. Infants with low birth 

weight and born to mothers with iron deficiency become prone to higher prevalence of 

iron deficit and associated anemia. Inappropriate periods of breast feeding coupled 

with cereal-based supplementary foods exaggerate the iron store of the body. 

Plasmodium-induced malaria and helminth infections cause blood loss. Overall, 

malnutrition, diarrhoea and iron deficiency anemia predominantly affect the health of 

children (Miller et al. 2003).  
Iron deficiency anemia decreases the capacity to do physical work. It is 

attributed to diminished oxygen supply to muscles and brain tissues. Iron 

deficiency and oxy-gen-carrying capacity are closely related to each other (Horton 

and Levin 2001). This consequence of iron deficiency is estimated as a direct 

sequela of iron defi-ciency and is not presented here as a risk factor. 
 
 
 

7.2 Effect on Intelligence or Cognitive Development 

 

Iron is the important mineral for the growth and development of body organs; 

espe-cially, its role is unique and principal in brain development. A number of 

metabolic processes are dependent on the adequate iron store of the body. It is 

needed in oxidation--reduction reaction, biosynthesis of neurotransmitters and 

myelination of nerve fibres. Intrauterine life and toddler age are the stages of 

human life where iron is essentially needed; defiantly, iron deficiency during 

either of the abovesaid stages is responsible for impaired brain development and 

its consequences in the body (Thompson and Nelson 2001).  
Deficiency of iron and/or any other nutrient negatively affects the brain 

develop-ment, and its severity is dependent on the amount of deficient nutrient, its 

duration, area of brain affected and need of nutrient in that area. During 

intrauterine life, iron status and pregnancy-induced hypertension and diabetes 

mellitus of the mother pre-dominantly determine the foetal iron status. The foetus 

undergoes hypoxic hypoxia especially in the body of diabetic mothers. Body iron 

is diverted to the bone marrow to meet the raised demand for iron for exaggerated 

erythropoiesis. These infants have polycythaemia at birth. Serum iron is deficit at 

birth. The growth of the brain is affected (Georgieff et al. 1990).  
According to Petry et al. (1992), iron store in the liver is reduced in infants 

born to diabetic mothers. Concomitantly, brain iron level is also reduced affecting 

neurodevelopment.  
Infants born to diabetic mothers have higher risk for perinatal iron deficiency in 

the brain which might affect the hippocampus development in infants. It was stud-

ied by Siddappa et al. (2004) in infants of diabetic mothers who were categorized 

into two groups. One group of infants were with potential risk for brain iron 
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-deficiency (cord ferritin ≤34 μg/L), and the second group of infants belonged to 

adequate brain iron store (cord ferritin >34 μg/L). It was observed that motor 

devel-opment was slow in infants with brain iron deficit in comparison to infants 

with sufficient brain iron store at the age of 1 year. Auditory recognition memory 

was impaired in infants with cord serum ferritin concentrations <35 mcg/L. These 

infants did not recognize a familiar voice, say a mother‘s voice, and the ability to 

discriminate a mother‘s voice from a stranger‘s voice was lost. However, auditory 

recognition memory was intact in infants with cord serum ferritin concentrations 

>35 mcg/L. Former infants born to diabetic mothers had lower psychomotor 

devel-opmental score.  
The above study reflects the abnormal functioning of the hippocampus due to 

deficiency of iron in neonates. Maternal anemia limits the accessibility of iron to 

foetus. The growth of the brain and foetus is restricted (Siddappa et al. 2007).  
Effect of iron deficiency on the neurodevelopment has been studied thoroughly 

on animal models. These studies indicate abnormality of the dendritic structure in 

the hippocampal lobe. Another important impairment has been observed in mono-

amine oxidase metabolism and myelination (Lozoff and Georgieff 2006).  
Iron is an element that is needed for biosynthesis of neurotransmitters like sero-

tonin and dopamine in the brain tissues. Iron deficiency, especially, during the 

period of rapid growth alters secretory activity of dopaminergic and serotonergic 

neurons in a particular part of the brain which in turn affects the functioning of 

body organs. The effect is more pronounced in preterm infants born to anaemic 

mothers modifying the release of iron-dependent neurochemicals. These chemicals 

affect the temperament of iron-deficient infants. 
 
 
 

7.3 Effect on Psychomotor Development 

 

Most of the studies in the past focused on the role of iron on the cognitive develop-

ment during and after age of infancy. But proper psychomotor development is nec-

essary for cognitive development in infancy and preschool age. A child who can 

control and coordinate activities during walking can approach new areas and see and 

touch objects; therefore, fine locomotor ability is necessary for development of 

exploration, visual perception and concept formation. Iron has an important role in 

normal cognitive and motor skills of a child.  
Motor ability is necessary for the interaction of infant with new object, its 

manip-ulation and development of new perception. It was Walka and Pollitt 

(2000) who developed a conceptual model depicting the poorer development of 

intellectual and cognitive processes in undernourished infants. Impaired motor 

development is the important variable that delays the cognitive outcome. Motor 

development also affects positively the development of normal behaviour in 

children. Fine walking ability in a child is necessary for gaining self-confidence, 

self-esteem and assertive-ness (Biringen et al. 1995; Corapci et al. 2006). 
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There is a significant interplay among iron deficiency, foetal growth, preterm 

infant and low birth weight. Iron deficiency anemia causes reduced partial pressure 

of oxygen in circulation and tissues. Hypoxic hypoxia stimulates the release of 

angiotensin, adrenaline and aldosterone in the mother‘s body. These endocrine 

sub-stances severely affect the haemodynamic of the mother and foetus. Maternal 

and foetal circulation faces the impact of high secretion of cortisol. Intense 

vasocon-striction causes pregnancy-induced eclampsia. Cortisol in foetal 

circulation impairs the growth of foetus. High predisposition towards preterm 

delivery is anticipated. According to Allen (2001), an association subsists between 

Hb level of the mother and levels of human chorionic gonadotrophin (hCG) and 

human placental lactogen (hPL). Low body iron and haemoglobin level inversely 

affect the secretion of these two hormones.  
The study by Allen (2001) on the effect of maternal haemoglobin level on the 

health of foetus and birth weight of infant is further supplemented by the work of 

Rasmussen (2001). He asserted the presence of a strong association among 

maternal haemoglobin level, birth size of infant at birth, gestational period and 

neonatal and/ or perinatal mortality. There exists a rise in the prevalence of low 

birth weight infants with a decline in haemoglobin level of mothers.  
Moreover, psychomotor impedance causes delayed learning of new skills in 

response to external stimuli. Finally, the behaviour of children is affected constrain-ing 

the manifestation of self-confidence, high self-esteem and assertiveness and prompting 

the appearance of apathetic, defiant and hostile behaviour. Children with iron 

deficiency are prone to higher risk of hindrance in the development of appropri-ate 

emotional regulation (Pollitt 2001; Adolph et al. 1993).  
Authors (Grantham-McGregor and Ani 2001) reviewed the studies and con-

cluded the presence of poor cognitive development and delayed motor skill 

acquisi-tion in iron deficiency anaemic children.  
Iron deficiency during the first year of life worsens the neurodevelopment of 

infants that may continue to preschool-aged group. These children do not show any 

improvement in behaviour and motor skills even after the short-term iron 

supplementation.  
Several hypotheses have been put forward explaining the possible cause-effect 

relationship between iron and cognitive development. One view is that iron deficit 

in the body lowers the brain iron level. It unfavours the synthesis of 

neurohormones like serotonin and dopamine in the brain. Hypomyelination and 

impaired neural circuits alter the cognitive development. A hypothesis has been 

tested in rat model by Felt and Lozoff (1996).  
Iron deficiency in infancy and/or early preschool age has profound and long-- 

lasting effect on brain iron level. Dopamine D2 receptors were decreased. 

Myelination and dopamine secretion were altered.  
A study was performed by Cankaya et al. (2003) on auditory brainstem response in 

anaemic and non-anaemic children. It is a measure of the activation of auditory 

pathways from the distal part of the acoustic nerve to the lateral lemniscus. Auditory 

brainstem response was recorded in 33 iron deficiency anaemic children and was 

compared with that of 31 healthy children. There was an increase in ABR latent 
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period. The fact can be explained on the basis of delayed myelination of neurons. 

Possibly, iron deficit in the brain resulted in hyposecretion of iron-dependent 

neuro-hormones in the brain and trigged a complex response.  
Iron deficiency in infants and preschool children provokes low response to 

envi-ronmental stimuli by children that in turn affect, unfavourably, the behaviour 

of infants. Iron-deficient children are less attentive, timid, dependent on care 

takers and less social. They have low psychomotor development scores (Lozoff 

and Jimenez 1991). Workers (Weinberg et al. 1980) studied the behaviour of iron 

defi-ciency in rat model. Rats had low brain iron, were less active and responded 

less to environmental stimuli when compared with the control rats. 
 
 
 

7.4 Effect on Physiological Functions of the Body in 

Early Childhood 

 

Iron deficiency limits the oxygen-carrying capacity of blood and constrains the 

sup-ply of oxygen to body tissues, visceral organs and skeletal muscles. Partial 

hypoxia reduces the respiratory capacity and contractility of muscles of the body 

(Zhu and Haas 1999).  
Muscles get easily fatigued; thus performance is reduced. Overall, iron defi-

ciency and IDA lower the functional capacity of muscles. It might be the plausible 

cause for delayed motor development and acquisition of new motor skills in anae-

mic children in comparison to non-anaemic children (Harahap et al. 2000).  
Iron is imperative in carrying out oxidation-reduction reactions as the oxidore-

ductase enzymes in the mitochondria are iron dependent in the context of their 

structure and catalytic activity. Iron is also the chief structural constituent of 

haemo-globin and myoglobin, which are the inter-tissue and intra-tissue oxygen 

carrier for metabolic activities. Enzymes in the electron transport chain are iron 

dependent. Overall, energy production in an individual is dependent on iron store 

of the body. Oxygen consumption of the body is related to physical fitness. 

Endurance is the ability of the body to withstand a given workload over a period 

of time. It demands efficient oxygen supply to muscles for energy production in 

carrying out the work. It has been observed by Haas and Brownlie (2001) that iron 

deficiency anemia reduces aerobic capacity, wherein an individual utilizes 

maximum oxygen for energy production. Therefore, physical activity and 

performance of child deterio-rate in iron deficiency anemia.  
Lassitude, laziness and indolence are the common clinical manifestations of 

iron deficiency anemia in children. Iron deficiency in the body is expressed in 

terms of reduced synthesis of haemoglobin as well as diminished production of 

myoglobin and cytochrome series of enzymes in mitochondria. Effects were 

studied by Dallman (1986) through their work on rats.  
It was confirmed that the decline in Hb synthesis was proportional to the decline in 

myoglobin and cytochrome. Conclusively, a fall in oxygen transportation, 
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decreased oxygen diffusion into skeletal muscles and finally a drop in oxidative 

capability of muscles were observed (McLane et al. 1981). Muscles become easily 

fatigued resulting into affected endurance and physical activity. 
 
 
 

7.5 Effect on Immunity Development 

 

Iron adequacy is fundamental in the normal development and functioning of the 

immune system of the body. Iron is crucial in the differentiation and proliferation of 

macrophages, monocytes and lymphocytes. Several studies have been conducted to 

describe the role of iron deficiency on immunity. Non-specific immunity is impaired 

by iron deficiency. Several possible mechanisms have been proposed to elucidate the 

interrelationship between iron deficiency and iron deficiency anemia and altered 

functioning of components of non-specific immunity.  
Innate immunity is a non-specific immunity. It is dependent on the activity of tissue 

macrophage system. Macrophages are the giant cells of the reticuloendothe-lial 

system. Synthesis of reactive oxygen species is necessary for the innate immune 

response by macrophage ROS, and hydrogen peroxide production by macrophages is 

reduced when the macrophages are deficient of iron. Further, secretion of macrophage-

-inhibiting factor and TNF-α is reduced. Overall, iron deficiency results into attenuated 

cytotoxic activity of macrophages (Hallquist et al. 1992).  
Further in iron deficiency, antibacterial activity of neutrophils is also decreased. 

It is due to decreased activity of iron-dependent myeloperoxidase enzyme in 

neutro-phils. This enzyme produces hypohalous acid which confers antibacterial 

activity to neutrophils (Spear and Sherman 1992). 
 
T-lymphocyte Proliferation Is Another Factor That Regulates the Non-

specific Immunity in ID and IDA Kuvibidila et al. (1999) worked on the role of 

iron defi-ciency on the activity of protein kinase C in the different population of 

mice. Enzyme has a profound impact on the T-cell proliferation. Lymphocyte 

prolifera-tion was reduced significantly in the spleen and in purified T-cell 

population in iron deficiency state.  
Activity of PKC enzyme from mice with iron deficiency was reduced. 

Translocation of PKC is necessary for T-cell mitosis. In iron deficiency state, 

reduced translocation may play a crucial role in the reduced lymphocyte prolifera-

tion and compromised innate response to the pathogens (Kuvibidila et al. 1999).  
In fact, diacylglycerol (DAG) and inositol 1,4,5-trisphosphate (IP3) actively 

reg-ulate the T-cell proliferation. These cellular signalling molecules are produced 

by the hydrolysis of phosphatidyl-inositol-4,5-bisphosphate (PIP2) through the  

action of phospholipase C enzyme present in the cell membrane. PIP2 is a 
phospholipid and a constituent of the cell membrane, whereas phospholipase C is 
an intracellular enzyme (Rhee and Choi 1992).  

DAG remains attached to the inner surface of the cell membrane. It helps in the 

translocation of protein kinase C (PKC) from the cytosol to the inner surface of the 
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membrane. IP3 diffuses into the cytoplasm and attaches on the receptors present 

on the endoplasmic reticulum and helps in the release of calcium into the cytosol 

and results into the rise of intracellular calcium level. DAG and Ca
2+

 ion 

constitute the regulatory domain of the PKC enzyme (Lenz et al. 2002).  
However, in iron deficiency, activity of phospholipase C is reduced; conse-

quently, synthesis of DAG is reduced, and ultimately, translocation of PKC is 

impaired affecting negatively the proliferation of T lymphocytes. Both phospholi-

pase C and PKC are not iron-dependent enzymes but are dependent on the zinc 

content of cytosol. It is presumed that iron deficiency affects the activity of these 

enzymes at the gene expression level. 
 
 
 

7.5.1 Humoral Immunity 

 

Humoral immunity is conferred by the B-cell activation and synthesis of immuno-

globulins in the plasma. B-lymphocytes express low levels of transferrin receptors still 

in resting stage. So they persistently draw iron from circulation. After activa-tion, 

expression of transferrin receptors is increased. Additionally, synthesis of  

prostaglandins is increased in infection. PGE2 regulates the activation and prolifera-

tion of T-helper cells (TH2) which in turn controls the immunoglobulin synthesis. 

Therefore, iron deficiency, largely, does not affect the humoral immunity (Bagchi et al. 
1980). Necessity of iron in the process of monocyte differentiation and activa-tion and 
phagocytotic activity of macrophages is noteworthy. NADPH-dependent oxidative 
reactions are carried out in the presence of iron.  

Iron is necessary for DNA synthesis. Ribonucleotide reductase is an iron-- 

dependent enzyme. It catalyses the conversion of ribonucleotides into deoxyribo-

nucleotides (Elledge et al. 1992).  
Iron deficiency reduces the activity of ribonucleotide reductase affecting the 

DNA synthesis, thereby reducing the proliferation of cells of the 

reticuloendothelial system and cells of the immune system.  
Iron deficit state is associated with decreased level of interleukin IL-6 and 

lower activity of killer T cells. Hence, the delayed hypersensitivity reaction of 
antigen was sluggish (Keusch 2003). 
 
 
 

7.6 Critical Review 

 

Early childhood period is a phase of active growth and development of children 

which stresses on a higher demand of energy and micronutrients. Dietary insuffi-

ciency results into inadequacy of growth which is difficult to regain in later life. 

However, contrasting reports have been published regarding the role of iron in 

growth. 
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Results from iron supplementation trials conducted by Fischer et al. (2005) have 

not shown growth benefits in children who were anaemic. Reasonable mechanism 

is the inhibition of absorption of other micronutrients like zinc, copper, etc. in the 

presence of iron supplements.  
The study in Honduras and Sweden was conducted by Dewey et al. (2002). 

Authors (Dewey et al. 2002) observed the impact of iron supplements during 

infancy over the growth of infants. Full-term infants were selected by authors 

(Dewey et al. 2002), and effect of placebo and iron supplements were noticed by 

authors. All the infants were those who were breastfed exclusively for 6 months. It 

was observed that increase in length and head circumference was more in children 

(Dewey et al. 2002) who received placebo in comparison to those who were given 

iron supple-ments; hence, impact of iron on growth is negated by this study.  
Similarly, the study in India found an adverse effect of iron supplementation on 

weight gain and linear growth in iron-adequate children aged 6–24 months. 

Double-- blind and placebo-controlled trial was conducted by Majumdar et al. 

(2003). The study (Majumdar et al. 2003) observed the influence of iron therapy 

over the growth of children who were partly iron sufficient and partly with iron 

deficiency out of the total study population. Children were in ages between 6 and 

24 months. The study population was divided into two groups (Majumdar et al. 

2003) as iron replete and iron deficient. Each group was given (Majumdar et al.  
2003) iron supplements and placebo. Authors observed that there was weight 

increase and gain in linear height with iron supplements in the group which was 

iron deficient. However, to the sur-prise of authors (Majumdar et al. 2003), it was 

observed that iron supplements counteracted weight gain and increased the linear 

growth of children who had ade-quate iron store in the body (iron replete).  
Contrary to regressive effect on growth by iron supplements in iron-sufficient 

children, another study by Idjradinata et al. (1994) was conducted in Indonesia 

involving iron-adequate children in age group of 12–18 months. Children were 

divided into (Idjradinata et al. 1994) two groups and were given iron supplements 

and placebo. After 4 months of treatment, authors found that increase in weight 

was more in children who received placebo than those who had iron therapy 

(Idjradinata et al. 1994). In this study, there was comparative weight gain by iron 

therapy unlike inhibitory effect on weight gain as found in earlier study.  
Hence, reviewed literature posits that iron therapy could be of little value in the 

growth of children who already have adequate iron store in the body. Moreover, 

therapy may have deleterious effects on the growth of children with iron-replete 

status. So the use should be judiciously decided after thorough estimation of body 

iron store. Iron supplements definitely benefit the children with iron deficiency.  
Authors have found a profound ill effect of iron deficiency anemia on the chil-

dren‘s cognitive development and psychomotor skills (Sachdev et al. 2005). 

According to Roncagliolo et al. (1998) and Lozoff et al. (1998), IDA disturbs 

behaviour and impairs development of infants (Lozoff et al. 1991).  
Authors (Moffatt et al. 1994) studied infants belonging to low socioeconomic status 

regarding the effect of iron supplements on psychomotor development. Infants 

(Moffatt et al. 1994) were fed on dietary supplements with iron fortification 

 
 
 

 
anilfzk2323@yahoo.com 



 
7.7 Harmful Effects of Iron Supplements 141 

 

and without iron fortification. Psychomotor development was assessed by authors 

(Moffatt et al. 1994) on Bayley scales for infant development. Authors (Moffatt et 

al. 1994) found that development was better in infants fed with iron-fortified 

dietary supplements in comparison to the other group of infants.  
Iron deficiency impairs the synthesis and functioning of neurohumorals and 

alters the neuro-bioenergetics. It delays the development of CNS (Beard 2008).  
Generally, observational studies involving children in age range from 6 to 24 

months have been conducted by researchers in divergent geographical locations, 

socioeconomic conditions, size of study population and last but not the least 

through the use of different assessment tests. Therefore, consistency in the 

outcomes is lack-ing among the work of scholars.  
From literature, it is highly volatile to determine the association between iron 

deficiency anemia and retardation in cognitive and psychomotor development. 

Socioeconomic status of family is implicated in the availability of quality and 

quan-tity of food, approach to medical facility, diarrhoea, infections, care of infant 

and health status of the mother. These factors supervise the development of 

infants. Therefore, iron deficiency alone and/or in association with other factors 

may con-tribute to delayed development of infants. Iron deficiency and impaired 

develop-ment are the sequel of underprivileged environment. 
 
 
 

7.7 Harmful Effects of Iron Supplements 

 

Iron supplementation is possibly associated with some harmful consequences as 

has been noted by researchers. Its absolute benefits on the growth and development 

are dependent on its concentration, body iron store and presence of infection in the 

body. Earlier, its mixed response to the growth and development has been 

discussed. 
 
 
 

7.7.1 Interference in Divalent Metal Ion Absorption 

 

Competitive inhibition is responsible for either the retardation or inhibition in the 

absorption of dietary iron in the lumen of the small intestine. Iron supplements in 

infant formulae, possibly, hinder the absorption of zinc. It is due to a common 

trans-porter named as divalent metal transporter (Einstein and Blemings 1998).  
The postulated hypothesis becomes strongly true in case the ratio of iron to zinc 

in the supplements is >2:1. Higher concentration of iron inhibits the absorption of 

zinc due to its higher affinity for DMT-1. Iron, copper and zinc frequently 

constitute the infant formulae. These divalent metals have common pathway and 

transporter for their absorption; hence, an undesirable interaction could result into 

deficiency and/or harmful effects on the body of infants (Andrews 1999). 
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In a study by Arredondo et al. (2006), similar negative interaction was observed. 

Authors showed that copper or zinc inhibited the absorption of iron. Further, iron also 

retards absorption of copper, whereas copper absorption remains unaffected by zinc. 

Authors (Arredondo et al. 2006) further insisted that simultaneous administra-tion of 

three metals in molar ratio (Arredondo et al. 2006) of 1:1:1 interfered with the 

absorption of copper and iron. Authors suggested a practical concern in the infant 

formulae, which are fortified with copper, iron and zinc, according to authors, in molar 

ratio of 1:20:5 (Arredondo et al. 2006). It was observed by authors that copper 

absorption was inhibited more than 50% if the copper, iron and zinc were available 

together in ratio of 1:10:5 (Arredondo et al. 2006).  
Other authors (Lonnerdal and Hernell 1994; Haschke et al. 1986) observed simi-lar 

inhibitory effects on the absorption of copper by competitive inhibition. Authors 

confirmed that infant formulae contain high iron concentration (7 mg per L) that could 

have regressive effect on the absorption of copper in the small intestine.  
Authors (Lonnerdal and Hernell 1994) confirmed inhibitory effect of iron in 

infant formulae on the copper absorption. Authors used infant formulation with 4 

mg/l and 7 mg/l of iron content and fed two groups of infants. Authors (Lonnerdal 

and Hernell 1994) observed a lower serum coper concentration in infants who 

were nurtured with 7 mg/l of iron concentration in infant formulation indicating a 

thwart-ing impact of high concentration of iron on copper absorption.  
Authors (Haschke et al. 1986) in their study regarding the effect of iron 

fortifica-tion on the absorption of copper and zinc confirmed a reduced absorption 

of copper with a rise in the content of iron in the infant formulae. Authors 

(Haschke et al. 1986) asserted that a marginal reduction in copper absorption is 

clinically irrelevant and raised a doubt over the interaction and absorption 

capability of one metal over the other in the body. Further, authors said that zinc 

absorption is not affected with rise in iron concentration in formulation.  
The inhibitory effect of iron content on the absorption of zinc was studied by 

Solomons (1986). The author studied that iron had inhibitory effect on the uptake 

and absorption of zinc when iron and zinc were present in ratio of 2:1, according 

to the author, which was detectable on human studies. The author insisted that the 

study involving pregnant women who were administered with multimineral 

supple-ments containing high content of iron during prenatal periods showed the 

presence of impaired and delayed growth in infants in postnatal life, and these 

children had decreased serum zinc concentration. The study confirms a deleterious 

effect of high iron content in infant formulation on absorption of zinc. 
 
 
 

7.7.2 Growth Factor for Pathogens 

 

A few virulent pathogens require iron as growth factor. Non-judicious iron supple-

mentation to infants and children could have harmful effect on body immunity and 

a predisposing factor for opportunistic infections. Further, it is hypothesized that 

iron supplements given to breastfed normal infants, probably, saturate lactoferrin 
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and hinder its antibacterial property. According to Andersson et al. (2000), breastfed 

infants have better immune status in comparison to formula-fed or cow milk-fed 

infants. Human milk has known antimicrobial property. The author cultured fungi 

named as Candida albicans and Rhodotorula rubra in liquid culture medium and 

observed antifungal effect of human milk on these fungi. The author put forwarded 

that antifungal property of milk is attributed to the presence of lactoferrin in milk 

which showed potent growth inhibitory effect, i.e. fungistatic effect.  
Lactoferrin is a glycoprotein of globular size and shape. It is observable in body 

fluids like milk, saliva, tears, sweat and nasal secretion. Neutrophil granules also 

contain appreciable concentration of lactoferrin. Colostrum, the first human milk 

after delivery, contains the highest concentration of lactoferrin (Sanchez et al. 

1992).  
Lactoferrin can bind with two ions of iron, zinc or copper. But its affinity to 

iron is much higher; hence, it is responsible for the regulation of free iron in blood 

and secretions. Its antimicrobial effect is mediated by its property to sequester free 

iron in circulation and secretions of the body, which is a favourable nutrient for 

the growth of bacteria (Xanthou 1998).  
Authors (Andersson et al. 2000) found that an increase in iron content of 

culture medium resulted into diminished/abolished antifungal effect of lactoferrin. 

Therefore, unnecessary iron supplements in normal full-term infants predispose a 

higher incidence of bacterial and/or fungal infection in children.  
The author (Oppenheimer 1989) posited a strong clinical evidence against the iron 

supplements in children and occurrence of infection. Iron overload in the body is 

associated with higher prevalence of infection whose pathogenesis is uncertain. The 

author said that parenteral administration of iron preparations to infants and children 

has witnessed serious outcomes in terms of incidence of malaria and respi-ratory 

diseases which have further increased the morbidity in children.  
Current issue of iron supplements and infection is still unresolved and further 

requires more studies to reach a uniform conclusion over the dose, route, age and 

content of iron in preparations.  
For these reasons, it has been suggested that iron supplementation, or the addi-

tion of iron to infant formulae, might increase the incidence of gastroenteritis and 

other infections in infants. However, several studies have failed to confirm this 

the-ory for iron-fortified formulae. One study even showed that added iron 

provided a small but significant protection against diarrhoea. 
 
 
 

7.7.3 Iron-Induced Pro-oxidant Effect 

 

A little iron is excreted daily, so its rampant use in the form like iron supplements to 

infants and/or to children poses potential threat towards its harmful effects in the body 

owing to the tendency of iron to form free radicals through its interaction with 

hydrogen peroxide. Iron is a transition metal having a very high tendency towards 
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involvement in redox reactions. Iron forms hydroxyl and hydroperoxyl free 
radicals through Fenton reaction (Winterbourn 1995).  

Authors (Kadiiska et al. 1995), with the use of electron spin resonance spectro-

scopic method, have demonstrated the generation of hydroxyl free radical in rats 

which were fed with diet rich in iron. Free radicals are the atoms which have 

unpaired electron in their outer energy shell. Atoms are highly reactive towards 

interaction with other atoms to gain electron and achieve stable state. Free radicals 

are strongly implicated in the lipid peroxidation, protein denaturation and damage 

of DNA (Aust et al. 1985).  
Therefore, iron is nefarious for its pro-oxidant effect. Excess and free iron has a 

potential to carcinogenesis (Stevens et al. 1994) as well as a predisposing role in 

coronary artery disease (Ascherio et al. 1994). Tendency of dietary iron towards 

higher prevalence of colorectal malignancy in adults has been disposed by Deneo-- 

Pellegrini et al. (1999) and Kato et al. (1999).  
Authors (Sobotka et al. 1996) had studied the effect of dietary iron overload on 

the behaviour changes in rats. Authors fed male rats with diets containing different 

concentrations of iron in ppm. An iron-deficient group of rats was included for the 

comparison. Authors observed that rats fed upon diet containing iron at 2,000 ppm 

showed decreased response after repeated stimuli. Body weight decreased. Overall 

changes were accompanied by systemic iron toxicity. 
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Chapter 8 

Vitamin B12 and Folic Acid in 
Nutritional Anemia in Children 
 
 
 

 

Abstract Vitamin B12 is a water-soluble, essential, octahedral macromolecule 

con-taining cobalt. It is vitally needed for functioning of the brain and nervous 

system. It has an important role in DNA synthesis and erythropoiesis in bone 

marrow, hence, termed as anti-pernicious anemia factor. Megaloblastosis in bone 

marrow cells results into megaloblastic anemia. It is notably caused by a 

deficiency of folic acid and/or B12 in the body. Common cause of folate 

inadequacy in the body is its impaired absorption in the small intestine due to 
malabsorption syndrome, whereas cobalamin deficiency is attributed to lack of its 
absorption as a result of deficit amount of intrinsic factor in gastric secretion.  

Folic acid is called as pteroylglutamic acid or vitamin B9, and its deficiency 

causes anorexia, loss of body weight, headache and megaloblastic anemia in chil-

dren. Also irritability and a change in the behaviour of child have been observed. 

Preschool children face stunted growth. Folate deficiency before conception is 

fatal for the growth and development of foetus and is associated with serious 

conse-quences. Preconceptual folate deficiency is largely responsible for neural 

tube defects in intrauterine life. 
 

 

8.1 Structure of Vitamin B12 
 

Vitamin B12 is a water-soluble, essential, octahedral cobalt containing 

micronutrient called as cobalamin. It is vitally needed for functioning of the brain 

and nervous system. It has an important role in DNA synthesis and erythropoiesis 

in bone mar-row, hence termed as anti-pernicious anemia factor (Combs 1992; 

Krautler 2012; Yamada 2013; Allen et al. 1993).  
Cobalamin is a stable metal–carbon bonded biomolecule. It is composed of cor-

rin ring to which an additional DBI ring is strapped (Johnson et al. 2012; 

Randaccio et al. 2010; Wuerges et al. 2006).  
Cobalamin is a subclass of corrinoids. Corrin ring is a tetrapyrrole structure, 

wherein rings are numbered from A to D and are linked together by methylene bridges 

except ring A and D which are interconnected directly, hence removing one methylene 

bridge. A heavy metal, cobalt, is located in the centre of the tetrapyrrole nucleus. 

Cobalt atom is coordinated to nitrogen atom in each pyrrole ring, thereby forming a 

corrin ring system. Benzimidazole derivative, 5-6--dimethylbenzimidazole, 
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is attached to 5-C ribose sugar through nitrogen atom and is termed as DBI ring. It 
is attached to cobalt atom through its nitrogen atom on one side and propionic acid  

in IV pyrrole ring through phosphate bonding. Naturally occurring vitamin B12 is 

produced by bacteria and is called as hydroxocobalamin. Synthetically, a new 
form of cobalamin is produced by cyanide group substitution and is labelled as 
cyanoco-balamin. Its action is similar to hydroxocobalamin, but it has higher 
stability and low cost; hence, it is extensively marketed by pharmaceutical 
companies as food supplements (Brown 2005).  

Other variants of cobalamin are the methylcobalamin and 5--

deoxyadenosylcobalamin which are actively responsible for human metabolism. 

Cobalamin also acts as cofactor with the enzymes, methionine synthase and L-
methylmalonyl–CoA mutase. Former enzyme is involved in the conversion of  

homocysteine into methionine in the presence of Vit B12 as cofactor. Methionine 

in the form of S-adenosylmethionine is a universal methyl donor in methylation 
metabolism of the body, whereas the latter enzyme is concerned with the 
conversion of L-methylmalonyl–CoA to succinyl–CoA during lipid metabolism. 
Succinyl– CoA has its value in haemoglobin synthesis (Clarke 2008). 
 
 
 

8.2 Dietary Sources 

 

Cobalamins are richly available in animal food like liver, fish, eggs and meat. Milk 
and its products also contain trace amount of cobalamins (USDA 2011). 

In the liver, vitamin B12 is stored in large amount, and it is the important animal 

source of this vitamin. Plant food sources contain small amount of vit B12 (Smith and 
Cobalt 1987). In human, vitamin b12 is synthesized by bacteria present in the colon 

and caecum. Vitamin B12 is present in human faeces (Herbert et al. 1984).  
Pseudomonas and Klebsiella may synthesize appreciable amount of vitamin 

B12 in the large intestine (Kalser et al. 1966). Microorganisms can synthesis 

vitamin B12. These microbes live in soil, water and the colon of animals.  
Synthesized vita-min B12 from the colon cannot be absorbed. Human is 
absolutely reliant on food sources for the dose of this vitamin. 
 

 

8.3 Absorption of Vitamin B12 
 

Vitamin B12 is present in dietary sources in bound form with proteins. After con-

sumption, its complexed form reaches the stomach. Hydrochloric acid in gastric 

fluid helps to hydrolyse the complex, and vitamin B12 is released (Cooper and 

Castle 1960).  

Pepsin also has an additional role in the liberation of vitamin B12 from its com-

plexed form in foods. Cooking also aids to protein denaturation and release of cya-
nocobalamin from particular foods like the liver (Kittang and Schjqnsby 1987). In 
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the free state, vitamin B12 is susceptible to denaturation in the presence of hydro-

chloric acid in the stomach. It complexes with a glycoprotein called transcobala-
min--1 or haptocorrin or R-protein in the stomach. This protein is synthesized by  
salivary glands in the mouth. In the stomach at low pH, affinity of vitamin B12 for R-

factor or haptocorrin is high; hence, it forms a vitamin B12–haptocorrin  

complex in the stomach. Haptocorrin–B12 complex is immune to the insult of HCl 
in the stomach. Vitamin b12 can safely pass through the pylorus and reaches 
proximal part of the duodenum (Morkbak et al. 2007).  

Proximal part of the duodenum contains a proteolytic enzyme called as pancre-
atic protease. It is secreted by the pancreas and released into the lumen of the 

small intestine. This enzyme partly hydrolyses the haptocorrin–B12 complex. Vitamin 

B12 is again released in the duodenum. This part of the duodenum marks  
the rise in pH of the lumen. At high pH, vitamin B12 has higher affinity for 
intrinsic factor in com-parison to R-factor (Weir and Scott 1999).  

Intrinsic factor is a glycoprotein. It has a molecular weight of 45,000 dalton. It 
is secreted by parietal cells of the stomach in the fundus and body of the stomach. 
IF enters the duodenum. In the proximal part of the ileum, intrinsic factor binds 

with the exogenous factor, cobalamin, and forms a B12–intrinsic factor complex. 
Earlier it was presumed that the complex is formed in the gastric lumen. However, 
concept has changed with more research and understanding of the affinity of  

vitamin B12 to R-factor and IF factor under different pH of the medium (Alpers 
and Russell-Jones 2013).  

Vitamin B12–intrinsic factor complex moves downstream into distal part of the 

ileum. Its epithelium is endorsed with the specialized giant endocytic receptors called 

as cubilin and megalin (Moestrup et al. 1998). These receptors were unknown in the 

past and have been discovered recently. These are cell surface receptors and can bind 

with a wide range of ligands. Megalin is a transmembrane protein. Its extracellular 

domain is for binding with ligands and is comprised of cysteine-rich four clusters 

named as I, II, III and IV as ligand binding domains (Davis et al. 1987).  
Cubilin is a peripheral protein involved in multiligand endocytosis. It is 

expressed by epithelial cells of the renal proximal convoluted tubule, visceral yolk 

sac, ileum and placenta (Christensen et al. 1998). It is made up of 100 amino acid 

N-terminal stretch containing free cysteine of the molecule which is followed by 

eight epider-mal growth factor and 27 CUB (complement C1ruC1s, Uegf and 

bone morphogenic protein-1) domains (Kozyraki et al. 1998). Each CUB domain 

has 110 amino acids which are linked to two disulphide bonds. CUB domains 

have the ability to attach with a number of ligands like proteins, carbohydrates 

and/or lipids. Unlike megalin, it is devoid of transmembrane domain.  
Cubilin is internalized in association with megalin, which is co-localized with 

cubilin in the epithelium of the ileum. The two together facilitate the absorption of  

intrinsic factor–vitamin B12 complex (Verroust 2002). Vitamin B12–intrinsic 

factor complex binds to cubilin receptors on the epithelium in the distal ileum. The 
linkage is very specific, and the receptors do not bind with ligand apart from 
cobalamin bound to IF. 
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Complex undergoes endocytosis and reaches enterocyte cytosol. IF is released 

at the cell surface for its reuse. So vitamin B12 undergoes cubilin-mediated 
endocyto-sis across the enterocytes (Viola-Villegas et al. 2009). 
 
 
 

8.4 Transportation in Blood Circulation 

 

Cobalamin is internalized by enterocytes. Peters and Hoffbrand (1970) adminis-

tered a physiological dose of CoBI2 to the guinea pig. High mitochondrial radioac-

tivity in the mucosa of the ileum was noted in the first 2 h of ingestion. Later on, 

radioactivity was decreased with rise in hepatic activity. It is retained within mito-

chondria of enterocytes before it enters the circulation. This was termed as 

intracel-lular absorption of cobalamin. Its exact cause and metabolic activity 

within mitochondria need explanation.  
Afterwards, it attaches to transcobalamin II within enterocytes, and a complex 

is formed as holotranscobalamin II. It is carried by hepatic portal circulation to the 

liver. However, its binding with transcobalamin II, whether it occurs in 

enterocytes or hepatocytes, needs more research. But indirect evidence by 

Chanarin et al. (1978) is suggestive of its binding within the intestinal mucosal 

cells. Transcobalamin II is synthesized by ileal enterocytes.  
Human body stores an average of 3,000 μg cobalamin especially in non-- 

vegetarians. The liver stores around 60% of total body cobalamin, whereas 30% of 

it remains stored in the muscles. Cobalamin storage inside the liver is maximum to 

the concentration of 4 mg (Von Schenck et al. 1997).  
Transcobalamin II deficiency causes failure of cobalamin absorption; hence, its 

synthesis is necessary for cobalamin absorption in blood circulation. It was 

observed by Hakami et al. (1971) that congenital deficiency of transcobalamin II 

in two sib-lings effected into megaloblastic anemia. Possibly it could be attributed 

to impair-ment in cobalamin absorption due to lack of carrier molecule.  

It is excreted along with bile into the small intestine. Vitamin B12 in bile 
remains associated with R-binder. Its amount in bile is around 4 μg. Bile also 
contains non-- cobalamin corrinoids. However, out of total corrinoids in bile, more 

than half of the corrinoids represent vitamin B12. 

Vitamin B12 analogues comprise a large percentage of total corrinoids in the 
body. But their source and significance in the body is not clear. It has been found  

that the level of B12 analogues was normal in patients with pernicious anemia, 
ulcer-ative colitis and irritative bowel syndrome.  

But its level was elevated in individuals who had a pathology with the ileum, or 
it was resected surgically, suggesting that the ileum is the site of absorption for  

B12 analogues in the body. Its pathway of absorption is entirely different from B12 
absorption in the body (Shaw et al. 1989).  

Bile R-protein which binds to corrinoids is proteolysed by pancreatic enzymes. 

Vitamin B12 binds to intrinsic factor in the small intestine. Hence, a large portion of  
biliary B12 might be reabsorbed. Nonetheless, B12 analogues do not bind with intrin-
sic factor and, hence, are excreted from the body in stool and urine. Enterohepatic 
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circulation serves to conserve biliary B12 in the body and supports to excrete 

vitamin B12 analogues (Kanazawa et al. 1983). 

 

 

8.5 Excretion 

 

It is not excreted in urine, except, in parenteral administration, wherein cyanoco-

balamin excretion may go up to 0.3 μg/day. 

 

8.6 Metabolically Active Form of Vitamin B12 

 

Cobamide is the biologically active form of cobalamin. It possesses adenine 
nucleo-side attached to central cobalt atom through C→CO bond, and it lacks 
cyanide group. During the activation process, cobalt atom undergoes repeated  

reduction catalysed by enzyme B12 reductase in the presence of NADH and FAD 
as follows (Fig. 8.1): 

 
Fig. 8.1 Active forms of 

B12 a (CO
+++

) cobalamin  
 

B12 REDUCTASE 
 
 

B12 γ (CO
++

) 
 
 

B12 REDUCTASE 
 
 

 

B12 γ (CO
+

) 
 
 

ATP 
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Cobamides have different varieties as:  
Dimethyl-Benzimidazole cobamide(DBC)  
Benzimidazole cobamide(BC)  
Adenyl cobamide(AC)  
Methyl cobamide(MC) 
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8.7 Physiological Significance of Cobalamin-

Dependent Enzymes 
 

8.7.1 Restoration of Methionine from Homocysteine 

 

Methionine synthase is the mammalian enzyme that catalyses the conversion 5-

methyltetrahydrofolate (N
5

-MeTHF) into tetrahydrofolate (THF). This enzyme in 
mammals is cobalamin dependent requiring cobalamin as cofactor for its activity. 
But enzyme in plants has cobalamin-independent activity (Zydowsky 1986).  

In this reaction, methyl group is transferred from 5-methyltetrahydrofolate to 

cobalamin forming a methylcobalamin complex. Cobalamin in free state contains 

cobalt(I), which is activated into cobalt(III) state in bound state of cobalamin. 

Methyl group in the complex is in activated form. It is further transferred to homo-

cysteine, hence reviving methionine. Cobalt returns to (+1) oxidation state. 

Cobalamin-dependent form of methionine synthase helps to regenerate methionine 

from homocysteine and THF which is a cofactor in the synthesis of DNA (Zhang 

et al. 2012; Baneerjee and Matthews 1990; Chanarin et al. 1985; Gruber and 

Kratky 2006). 
 
 
 

8.7.2 Conversion of Ribonucleotides into Deoxyribonucleotides 

 

Deoxythymidine monophosphate (dTMP) is the monomeric component of deoxyri-

bonucleotides. It is synthesized from uridine monophosphate. In this reaction, 
 

5,10-methylenetetrahydrofolate + dUMP  dihydrofolate + dTMP. 
 

The reaction is catalysed by thymidylate synthetase enzyme. It is a cobamide-- 
dependent enzyme.  

Pathway provides the source of production of dTMP. This enzyme is also 
helpful in the oxidation of 5,10-methylenetetrahydrofolate to dihydrofolate  

(Mitchell et al. 1941; Stover 2009). Hence, vitamin B12 is necessary for reductive 
methylation of ribonucleotides to deoxyribonucleotides.  

Its evidence was provided by Downing and Schweigert (1956) in their isotopic 
studies in Lactobacillus leichmannii.  

Another evidence was provided by Williams et al. (1963) in their study in 

human bone marrow cells. In the deficiency of vitamin B12, synthesis of DNA 
was affected. It showed need of cobalamin in the impaired conversion of 
ribonucleotides into deoxyribonucleotides. 
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8.8 Effects of Vitamin B12 Deficiency on the Body 

 

8.8.1 Hypocobalaminaemia 
 

8.8.1.1 Inadequate Dietary Intake of Vitamin B12 
 

Children in early childhood are at higher risk of developing B12 deficiency due to  

inadequate dietary intake. Storage capacity of B12 in their bodies is limited. The 
need for vitamins and minerals is raised during early childhood as a result of rapid 

growth and development. Vitamin B12 is found in animal sources of diet as eggs,  

meat, fish, liver and milk. Another non-conventional source of B12 is the green 

algae, called as Chlorella. It has been claimed to be a good source of macro- and 
micronu-trients. After drying up, it is comprised of around 45% proteins, 20% 
lipids, another 20% carbohydrates, 5% fibre and 10% micronutrients. Its mass 
production is being under trial stage to yield good source of nutrients (Watanabe et 
al. 2002; Croft et al. 2005).  

Children and women in families adopting strict vegetarian diet are susceptible to 
cobalamin deficiency (Emery et al. 1997; Korenke et al. 2004; Simsek et al. 2004). 

Vegetarians as well as vegans have higher potential to develop B12 deficiency 

as a result of poor dietary intake. They mainly rely on plant sources of B12. 

Poverty is a common cause of cobalamin deficiency in the body of children and 
pregnant women in different parts of the world, especially in developing countries 
(Casterline et al. 1997; Rogers et al. 2003; Guerra-Shinohara et al. 2004; Garcia-
Casal et al. 2005; Pruthi and Tefferi 1994). 

Unlikely, B12 deficiency has also been observed in people who are 
predominantly dependent on animal sources of food (McBride 2000). 

 

8.8.1.2 Impaired Absorption of Vitamin B12 

 
Intrinsic factor is secreted by parietal cells of gastric mucosa and is necessary for 

absorption of B12. Chronic atrophic gastritis causes damage to parietal cells of 
stom-ach. Autoimmunity is directed against parietal cells and autoantibodies are 
synthe-sized against intrinsic factor resulting in its deficiency in gastric secretion.  

Congenital intrinsic factor deficiency is an autosomal recessive hereditary disor-der 

that has been detected in a few cases. It generally expresses in early childhood before 

age of 5 years. Children show signs and symptoms of anemia. Children are stunted and 

underweight. Allelic mutation on the GIF gene on chromosome 11 is responsible for 

impaired synthesis and deficiency of intrinsic factor (Gordon et al. 2004). Deranged 

absorption of B12 as a consequence of diminished availability of intrinsic factor 

manifests into pernicious anemia (Anthony 2012). 
 
Achlorhydria is characterized by the absence of hydrochloric acid secretion in the 

gastric lumen. It is largely caused by drugs as proton pump inhibitors and H2 recep-tor 

antagonists, infection by Helicobacter pylori, atrophic gastritis, gastric carci- 
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noma and gastric surgical resection. HCl deficiency interferes with liberation of 

B12 from dietary food sources and hence decreasing its absorption (Lam et al. 

2013). Achlorhydria is more common in old-aged persons. Prolonged use of raniti-
dine, a H2 antagonist, probably contributes to hypocobalaminaemia (Yeomans et 
al. 1982). 
 
Coeliac disease is a chronic inflammatory disorder of the small intestine. It dam-
ages the architecture of intestinal mucosa and deranges its absorptive capability of 

B12. Oral hypoglycaemic drugs like metformin have potential to decrease the level  

of serum B12 and folic acid, thus raising the concentration of homocysteine in the 
body. A cross-sectional cohort study on type 2 diabetic patients by Hermann et al. 
(2004), who were on metformin therapy, reported the prevalence of 5.8–33% defi-

ciency of B12. So metformin-induced B12 deficiency is uncommon in children.  
Giardiasis is a protozoan and contagious disease of the alimentary canal. It is 

caused by pathogenic endoparasite, Giardia lamblia, which enters the intestine 
through faecal–oral route. Use of contaminated water and edibles and unhygienic 
practices are the main predisposing factors to giardiasis. It has been shown by  

Cordingley and Crawford (1986) that infection by Giardia could result into B12 
deficiency and anemia in children and adults. 
 
 
 

8.8.2 Megaloblastic Anemia 

 

Megaloblastosis in bone marrow cells results into megaloblastic anemia. It is nota-

bly caused by a deficiency of folic acid and/or B12 in the body. Common cause of 

folate inadequacy in the body is its impaired absorption in the small intestine due 
to malabsorption syndrome, whereas cobalamin deficiency is attributed to lack of 
its absorption as a result of deficit amount of intrinsic factor in gastric secretion.  

Megaloblasts are the giant cells with large-sized immature nucleus having three 
to four nucleoli and, hence, are precursors of erythrocytes. These cells proliferate  

rapidly. In the scarcity of folate and/or B12 in the body, DNA synthesis is 

deranged at S phase (Waxman et al. 1969). Unwinding of DNA replication fork is 
delayed. Ligation of Okazaki fragments is prolonged (Wickremasinghe 1980). 
Therefore, karyokinesis does not progress to G2 stage of cell division as a 
consequence S phase of mitosis is protracted (Steinberg et al. 1983).  

However, continuity of transcription and translation results into asynchroniza-

tion in the volume of nucleus to cytoplasm. Cells continue to grow in size with 
immature nucleus, called as macrocytosis.  

Megaloblasts have higher volume of cytoplasm and RNA content in 

comparison to their normal counterparts; however, the amount of DNA is 
decreased due to defective synthesis (Myhre 1964).  

It is a pathological process. Defective DNA synthesis is the prime cause of 

these abnormalities, signifying that synthesis of RNA and protein is faster in 

comparison to that of DNA (Steinberg et al. 1983). 
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Bone marrow undergoes hyperactive proliferation characterized into disturbed 

megaloblasts to late normoblasts population in bone marrow, called as 

megaloblas-tic hyperplasia of bone marrow. Count of megaloblasts exceed beyond 

its normal value (30%) to 70%, thereby depleting the count of late normoblasts to 

30% only in bone marrow aspirate (Wang et al. 2009).  
Megaloblastosis, further, disturbs the normal cell lines causing dyspoiesis of 

cell lines. It causes intramedullary haemolysis, reticulocytopenia and leucopenia. 

Neutrophils become hypersegmented. Large-sized RBC enters the blood 

circulation (Lichtin 2013).  
It is indistinguishable to narrate the role of either folate or cobalamin deficiency 

in the causation of DNA impairment. Tetrahydrofolate is the active form of folate 

in the body for biosynthesis of purines (Duthie and McMillan 1997).  
5,10-Methylene-THF is reduced to 5-methyltetrahydrofolate, which in turn is 

converted into THF in the presence of cobalamin. It transfers methyl group to 

homocysteine, and methionine is synthesized which is vital for methylation of pro-

teins, nucleic acids and neurotransmitters. 5,10-Methylene act as a methyl group 

donor in conversion of dUMP into dTMP. Reaction is catalysed by thymidylate 

enzyme. Methyl group is transferred to uracil residue. Deficiency of folate or 

cobal-amin inhibits the synthesis of dTMP, and hence its phosphorylation into 

dTDP and dTTP is curtailed. It is necessary for DNA synthesis (Das et al. 1986).  
DNA polymerase misincorporates dUTP into replicating polynucleotide strands 

instead of dTTP. Uracil DNA glycosylase enzyme in DNA machinery helps to 

excise the uracil base from the new DNA strand. In this way, it prevents 

mutagenesis by removing uracil from the strand that could have been 

misincorporated (Longo et al. 1990).  
However, a small amount of dU remains lodged in newly formed strands of 

DNA. It is fatal for the chromatin network and induces apoptosis. Overall, effect is 

the prejudiced synthesis of DNA in folate and/or cobalamin deficiency 

megaloblasts in bone marrow. Neonates may exhibit irritability, emaciation, 

anorexia, denial of solid foods, apathy and delayed developmental as a sequel of 

cobalamin deficiency. In later phase of infancy and early childhood, megaloblastic 

anemia and neurologi-cal manifestations complicate the prognosis of disorder. 

Cobalamin therapy for these patients might result into temporary, self-limited 

infantile tremor syndrome (Emery et al. 1997; Goraya 1998).  
However, in few cases, neurological manifestations do not regress and may 

per-sist even after successful cobalamin therapy (Emery et al. 1997; Goraya 1998; 

CDC 2003, 2004; Korenke et al. 2004; Simsek et al. 2004; Weiss et al. 2004; 

Codazzi et al. 2005; Reghu et al. 2005; Roschitz et al. 2005). In another cases of 

cobalamin deficiency, severe cerebral atrophy and impaired myelination were 

observed by Lovblad et al. (1997) and von Schenck et al. (1997) through magnetic 

resonance imaging of the brain.  
A study by Lowenstein et al. (1960) noticed a decrease in serum cobalamin level in 

almost one-fifth of the total pregnancies. Although low serum cobalamin level is 

normalized soon after delivery, however, it is detrimental to the health of neonates. In 

another study by Bjorke Monsen et al. (2001) and Michael Whitehead (2006), 
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raised serum levels of tHcy and MMA which accompany depleted cobalamin level 

in women could be translated as low cobalamin level in neonates which persisted 

for 6 weeks, according to the authors. Hence, it was concluded by authors that 

maternal cobalamin status was strongly correlated with that of newborns (Bjorke 

Monsen et al. 2001; Michael Whitehead 2006).  
Congenital pernicious anemia is a disorder of limited prevalence. It is 

character-ized by hereditary deficiency of intrinsic factor in the neonates. This 

protein is nec-essary for cobalamin absorption in the small intestine. These infants 

have normal gastric acid secretion (Gordon et al. 2004; Yassin et al. 2004; Tanner 

et al. 2004, 2005). Consequently, cobalamin absorption, transport and its 

intracellular concen-tration are impaired. 
 

 

8.9 Diagnosis ofB 12 Deficiency 

 

Megaloblastic anemia is suspected in anaemic patients with macrocytic indices. 

Diagnosis is usually based on peripheral smear. When fully developed, the anemia 

is macrocytic, with MCV >100 fL/cell. The smear shows macro-ovalocytosis, 

anisocytosis and poikilocytosis. The RBC distribution width (RDW) is high. 

Howell–Jolly bodies (residual fragments of the nucleus) are common. 

Reticulocytopenia is present. Hypersegmentation of the granulocytes develops 

early; neutropenia develops later. Thrombocytopenia is often present in severe 

cases, and platelets may be bizarre in size and shape. If the diagnosis is question-

able, a bone marrow examination may be needed (Lichtin 2013).  
Haematological findings in cobalamin deficiency can be interpreted as:  
Decreased  red  cell  count  and  concentration  of  haemoglobin  (MedlinePlus  

2012). Mean corpuscular volume and mean corpuscular haemoglobin are raised. 

MCV is higher than 95 fL (normal value 80–100 fL). MCH value is >36 g/dL 

(normal value in between 32 and 36 g/dL) (Medline Plus 2014).  
Thrombocytopenia due to destruction of precursors of all line (dyspoiesis). 

Neutrophils become hypersegmented. It is a compensatory mechanism for the 
reduced life span of neutrophils. These are called senile neutrophils. It is the 

unique and incipient manifestation of B12 and/or folate deficiency anemia in 
children (Kumar and Abbas 2007).  

Generally, a neutrophil has three lobed nuclei. But in megaloblastic 

neutrophils, the lobes can go up to six or more in number. These lobes have a 

diagnostic value (McKenzie and Williams 2010). Nuclear remains persist within 

the erythrocytes which are called as Howell–Jolly bodies. These represent clusters 

of DNA which otherwise are removed by the spleen when the erythrocytes 

circulate through it. Failure to do so is indicative of malfunctioning of spleen or 

splenectomy (Harrod et al. 2007).  

Homocysteine and methylmalonic acid levels are raised in vitamin B12 deficiency 

and are considered a definite diagnostic test for the screening of megaloblastic ane-mia 
in children (Savage et al. 1994). Additionally, the normal levels are confirma- 
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tory to exclude possibility of B12 and/or folate deficiency in the body. 

Gastrointestinal manifestations like diarrhoea or constipation mark a change in 

bowel movements (Chiara et al. 2013).  
In advanced stage of anemia, neurological manifestations like the absence of 

reflexes, reduced touch sensation and seizures appear in children.  
Normal serum B12 level is in the range 500–1,300 pg/mL as reported by Mitsuyama 

and Kogoh (1988). Serum vitamin B12 level <150 ng/L is considered as 

hypocobalaminaemia. Otherwise, individuals with serum B12 level in between 150 and  
400 pg/ml are considered borderline cases. Overall, a serum vitamin B12 level <180 
pg/ml may have to impetuously develop megaloblastic anemia (Mayo Clinic).  

Elevated serum homocysteine level is an early indicator of B12 and folate defi-
ciency. Serum homocysteine level that is between 4 and 15 μmol/L is considered 
as normal. Any value above 15 μmol/L is indicative of hyperhomocysteinaemia. 

Raised  level  of  methylmalonic  acid  (MMA)  is  a  sensitive  indicator  of  B12  
deficiency, whereas hyperhomocysteinaemia is diagnostic of B12 or folate 
deficiency in the body (McMullin et al. 2001).  

Urine or blood level of methylmalonic acid also helps to detect B12 deficiency 
(Donalson 2000). 
 
 
 

8.9.1 Nieweg’s Hypothesis 

 

Cobalamin deficiency in the body leads to neurological disorders like subacute 
degeneration of cord, whereas folate deficiency is devoid of any such lesions of 

the brain; however, both are associated with megaloblastic anemia.  
Hypothesis says that cobalamin is essential for DNA and RNA synthesis, while 

folic acid is necessary for DNA metabolism. 
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8.10 Folic Acid Structure 
 

Folic acid is called as pteroylglutamic acid, vitamin B9 or folate and represents the 

heterogenous compound. Folate is a water-soluble vitamin predominantly found in 

natural foods and in supplementary foods (O‘Broin et al. 1975; Berry et al. 2010; 

Eitenmiller and Landen 1999). It is made up of 2-amino-4-hydroxy-pteridine joined to 

para-aminobenzoic acid (pteroic acid), which are associated with variable num-ber of 

glutamic acid moieties, generally ranging between one to nine depending on the type 

of food. Mammalian cells are unable to synthesize folates due to the absence of 

necessary enzymes. Cells are completely dependent on the exogenous source of folates 

which could be food or fortified foods. Folic acid derives its name from leaves in 

which (green leafy vegetables) it is present in abundance (Birn 2006).  
Folate plays an important role in the single-carbon transfer necessary in biosyn-

thesis of nucleic acids and metabolism of amino acids (Bailey and Gregory 2006; 

IOM/FNB 1998). Adversely, folate deficiency might impair the biosynthesis of 

purine and thymidylate, hence, interrupt de novo biosynthesis of DNA and RNA 

and, additionally, interfere with remethylation of homocysteine and further its 

con-version into S-adenosylmethionine (SAM) which is the universal methyl 

donor, thereby impeding the methylation reactions in the body (Scott 1999). 
 
 
 

8.11 Dietary Sources 

 

It is rich in plants, animal sources and microorganisms and copiously found in 

veg-etables like spinach, cauliflower, peas, asparagus, broccoli, peanuts, tomato 

juice, banana, papaya and citrus fruit. Animal sources are fish, liver, yeast, meat 

and milk (NIH 2016; USDA 2012; Carmel 2005). 
 
 
 

8.12 Folic Acid Metabolism 
 

8.12.1 Intestinal Absorption of Folic Acid 

 

Folic acid is reduced either completely or partially into tetrahydrofolate and dihy-

drofolate by folate reductase. Folylpolyglutamate synthetase is contained within 

mitochondria and cytosol. Enzyme has the central role in maintaining the concen-

tration of folylpolyglutamate in cytosol and mitochondria (Cichowicz and Shane 

1987; Milman 2012).  
Folylpolyglutamate synthetase attaches glutamate residue to the γ-carboxylic 

residue in THF molecule. It results into formation of polyglutamyl folates which 

link with methyl, methylene, methenyl or formyl one-carbon residues at N5 and/or 
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N10 positions. These provide methyl groups during biosynthesis of various com-
pounds (Stokstad 1990).  

5-Methyltetrahydrofolate is the main folic acid that circulates in the blood stream 

(Chanarin and Perry 1969) and is utilized by cells. Transfer of a methyl group from 5-

methyl-THF to homocysteine takes place in cells. Methylation of homocysteine is 

catalysed by methionine synthase in the presence of cobalamin. Tetrahydrofolate is 

released which again interacts with formic acid in the presence of 10-formyl-THF 

synthetase, resulting into formation of 10-formyltetrahydrofolate, which furnishes two 

carbon units in the purine nucleotide metabolism. Purine synthesis reaction is 

catabolized by β-glycinamide ribonucleotide transformylase enzyme in the first phase; 

thereafter, the reaction is mediated by 5-amino-4-imidazolecarboxamide ribonucleotide 

transformylase enzyme. Further, 10-formyltetrahydrofolate -dehydrates into 5,10-  
methenyltetrahydrofolate which is again converted into 5,10--

methylenetetrahydrofolate. Additionally, serine hydroxylmethyl transferase enzyme 

converts serine to glycine resulting into formation of 5,10-- methylenetetrahydrofolate 

which is needed for the de novo synthesis of thymidine monophosphate catalysed by 

enzyme thymidylate synthase involving a transfer of one-carbon residue to 

deoxyuridine monophosphate. The enzyme 5,10-methylene-THF reductase converts the 

5,10-methylenetetrahydrofolate into 5-methyltetrahy-drofolate that has the potential to 

be oxidized into dihydrofolate, hence burdening the cellular pool of THF. To prevent 

deficiency of THF in tissues, DHF is rapidly reduced into TFH by enzyme DHF 

reductase (Seither et al. 1989). 
 

Methotrexate is an antifolate and antimetabolite drug which is used for the 

treat-ment of neoplasia. The drug acts as dihydrofolate reductase inhibitor, by 

which, interconversion of DHF into THF is inhibited; hence, source of THF to the 

actively proliferating neoplastic cells for the DNA synthesis is curtailed causing 

death of cells (Stephen et al. 2006).  
Folic acid exists in highly oxidized polyglutamate form in the natural foods. Its 

biological activity is limited to few days. Dietary folates are labile compounds. 

Food processing and storage and food preparation could lead to loss of biological 

activity of folate in natural foods. According to Caudill (2010), there is a loss of 

vitamin activity of folate of up to 40% in the vegetables upon cooking, whereas in 

cereals and grains, grinding and baking could lead to loss of activity of up to 70% 

which is much higher in comparison to the former group of food. Folates can be 

destroyed by cooking, and in grains/cereals, up to 70% of folates can be destroyed 

by milling and baking.  
However, fortified foods contain folate in the monoglutamate form which is a 

reduced form that can retain its biochemical activity intact even for months and 

years (Blakley 1969).  
Folic acid in foods is conjugated to polyglutamate chain which contains variable 

number of glutamic acids depending on nature of food. Folate conjugase is an enzyme 

present in the mucosa of the jejunum. The enzyme has two distinct loca-tions in the 

body. First location is the surface of brush border epithelium where it has exopeptidase 

activity by which it cleavages glutamate residues on the terminal portion of 

polyglutamate chain. Second site is the cytoplasm of enterocytes, where 
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enzyme has endopeptidase activity. It can hydrolyse polyglutamyl folate present in 

diet into easily absorbable monoglutamyl form. Thereafter, folate monoglutamate 

is absorbed by the jejunal mucosa (Scott and Weir 1994).  
Folate transporters like PCFT and RFC are highly sensitive to the nature of 

folates in the intestinal lumen. These are highly specific to the folate monogluta-

mates as their substrates. Folates in the natural foods are in the polyglutamate 

forms, hence, need hydrolysis into easily absorbable monoglutamate forms.  
Brush border surface of the jejunum harbours glutamate carboxypeptidase II 

which is a zinc containing conjugated enzyme located within the cell membranes 

of brush border membrane of the jejunum, prostate epithelium, renal proximal 

convo-luted tubules and nervous tissues (Barinka et al. 2004).  
Enzyme has an optimum pH of 6.5 in the intestinal lumen. Enzyme splits termi-

nal glutamate residues from the polyglutamate molecule and converts it into 
mono-glutamate folate form (Darcy-Vrillon et al. 1988).  

Halsted (1989) perfused the jejunal mucosa with labelled polyglutamate folates. 

It was found that hydrolysis of polyglutamate folates occurred on the surface of 

the jejunum. Pteroyl polyglutamate hydrolase was observed on the surface of the 

jeju-nal mucosa in human and pig.  
Enzyme catalyses the cleavage of pteroyl polyglutamates to monoglutamates. 

Two different pools of pteroyl polyglutamate hydrolase have been detected in 

humans. The first category of enzyme is located in the brush border surface of the 

jejunal mucosa, whereas the second type is present in the cytosol of enterocytes 

within the lysosomes (Wang et al. 1985).  
Negligible amounts of pteroyl polyglutamate hydrolase have been detected in 

saliva, bile and pancreatic juices whose optimum pH is 4.5 and are associated with 

very weak enzymatic activity (Klipstein 1967).  
Folate absorption is impaired in diseases which affect the structure and function 

of the jejunal mucosa. Folate malabsorption in this condition is profoundly associ-

ated with failure of folate polyglutamate hydrolysis in the jejunum.  
Gamma-glutamyl hydrolase is another hydrolytic enzyme with carboxypepti-

dase activity that is found in the liver and kidney of rats. These organs store large 

amount of folate polyglutamates. Enzyme exerts its hydrolytic action at a pH in 

the range between 4.5 and 6.0. Hydrolase activity within these organs is necessary 

for the cleavage of the polyglutamates so as to release monoglutamates into the 

sys-temic circulation (Shafizadeh and Halsted 2007). 
 
 
 

8.12.2 Folate Transporters 

 

Transportation of folates across the cell membrane has been a topic of interest among 

academicians and clinicians. Folates are the essential compounds for the growth and 

development of normal mammalian cells as well as the actively dividing neoplastic 

cells and pathogenic bacteria and viruses. At physiological pH, folates are the anions 

whose diffusion across the bilipid layer of cell membrane is slow and 
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cannot account for the rapid intestinal absorption and their import into the body 

tis-sues. Further, antimetabolites and antifolates are non-lipophilic drug molecules 

requiring a facilitative active transport across the cell membranes of neoplastic tis-

sues to exert their effect (Goldman et al. 2010).  
Hence, folates are transported by three different mechanisms whose expression 

in the tissues is determined by different genes. Proton-coupled folate transporter is 

expressed by SLC46A1 gene on the epithelium and is responsible for intestinal 

absorption of folates in low-pH environment. Authors (Qiu et al. 2006) proved the 

malabsorption of folates due to hereditary dysfunction of the gene as a result of 

mutation in the same gene. Earlier, PCFT was considered a protein for the haem-

transportation whose activity was independent of the pH of the medium. They 

showed its activity in folate uphill transportation.  
Later on, Matherly and Hou (2008) demonstrated the presence of a ubiquitously 

expressed folate transporter called reduced folate transporter being expressed by 

SLC19A1 gene in the mammalian cells and tissues mainly concerned with the 

import of folates into body tissues. Any abnormality, either in the expression of 

RFC or its functioning, heralds a number of untoward consequences in the 

physiol-ogy of organs and/or the growth and development of organs in intrauterine 

as well as postnatal life terminating into foetal abnormality, cardiovascular disease 

and neu-rological manifestations.  
Folate receptor-α has high affinity for the folates and reduced folates. It is a 

pro-tein which is linked to glycosylphosphatidylinositol moiety. According to 

Kamen and Smith (2004), the receptor is expressed on the epithelial cells of the 

kidney, choroid plexus and placenta as well as in the epithelial carcinomas. 

Folates are transgressed across membrane by receptor-mediated endocytosis.  
Under physiological pH, folate contains two glutamate deprotonated carboxylic 

groups rendering it a negatively charged ion with high hydrophilic character that 

limits the diffusion of folates from the lumen into intestinal mucosa and across the 

cell membranes in body tissues. Folates‘ facilitative diffusion requires transporters 

(Goldman et al. 1968).  
Reduced folate carrier is expressed by mammalian tissues, ubiquitously, and is 

considered as the chief folate transporter in mammalian cells (Matherly and 

Goldman 2003).  
Reduced folate carrier is a facilitative type of mobile carrier having 12 trans-

membrane domains with amino (N) and carboxy (C) terminals positioned inside 
the membrane in the cytoplasm (Matherly and Hou 2008).  

Gene for the synthesis of human RFC is located on the chromosome 21q22. The 

carrier is made up of 591 amino acids. RFC is expressed in all tissues, especially, the 

apical brush border membrane of the small intestine, the basolateral membranes of the 

proximal convoluted tubules, retinal pigment membrane and the apical mem-branes of 

the choroid plexus. RFC is the chief method of folate transportation into cells from the 

blood circulation (Wang et al. 2001). Reduced folate carrier or protein (SLC19A1) is 

the member of SLC19 family of solute carriers. RFC behaves as an anion exchanger 

which functions at optimum pH of 7.4. Further, it has been observed by Ganapathy et 

al. (2004) that its activity decreases as pH declines. 
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RFC undertakes specialized functions as folate transports across intestinal 

muco-sal cells (Balamurugan and Said 2006). Absorption of folates across the 

basolateral membrane of proximal convoluted tubules (Kneuer et al. 2005).  
Additionally, RFC also performs folate transportation across the placenta 

(Sweiry and Yudilevich 1985) and folate transportation across the blood–brain 

barrier (Spector and Johanson 2006).  
RFC-mediated influx of folate is energy dependent. Reduced folate carrier 

lacks any domain for the attachment of ATP molecules on its surface; hence, the 

uphill transport of folate by RFC cannot utilize the energy liberated by hydrolysis 

of ATP molecules. RFC is greatly sensitive to the transmembrane gradient of 

organic phos-phates. These are synthesized during phosphorylation and 

dephosphorylation reac-tions of the substrates and remain concentrated within the 

cells. Concentration of organic phosphates is higher inside the cells in comparison 

to their outside environ-ment. RFC is the anions gradient sensitive antiporter.  
Downhill transportation of driving ions provides energy to the uphill transporta-tion 

of driven ions. Asymmetric distribution of organic phosphates provides energy for the 

uphill influx of folates facilitated by reduced folate carrier (Goldman 1971).  
Study of Zhao et al. (2002) provided an evidence for the organic phosphate 

sensi-tive antiporter ability of reduced folate carrier in mammalian cells. Thiamine 

is ingressed into cells by SLC19A2 and SLC19A3. Inside the cells, thiamine 

under-goes phosphorylation into thiamine monophosphate and pyrophosphate. 

These organic phosphates induce uphill transport of folate by RFC.  
Proton-coupled folate transporter is encoded by SLC46A1 gene located on 

chro-mosome 17q11.2. The PCFT is a protein consisting of 459 amino acids. It has 

12 transmembrane domains along with amino and carboxy terminals located on the 

internal surface of transmembrane transporter within cytosol. PCFT is a homo-- 

oligomer. Its C229 residue cross-links the oligomeric units of PCFT molecule 

(Unal et al. 2008).  
It is a symporter of proton and folate ions across the cell membrane. It is 

expressed in the epithelium of the duodenum, jejunum and tumour tissues. The 

transporter operates at the acidic pH of GIT. It emerged as the main transporter 

involved in the absorption of folates through the apical brush border membrane of 

the small intestine. PCFT transporting activity is pH dependent and is inversely 

linked to hydrogen ion concentration of the intestinal lumen. However, its maxi-

mum activity is observed at optimum pH of 5.5. But a pH value below 5.5 results 

into protonation of carboxylic group of folate molecule, hence causing a decrease 

in the negative charge of folate. Overall, active transportation of folate below 

optimum pH by PCFT is decreased, while its passive diffusion independent of 

PCFT is increased (Visentin et al. 2014). 
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8.12.3 Transportation of Folates in the Plasma and Liver 

 

Within the enterocytes, partial amount of monoglutamates undergoes reduction and 

methylation. This process is catalysed by dihydrofolate reductase, a rate-limiting 

enzyme which is pH sensitive and has an optimum pH of 6.0. It converts 

dihydrofo-late into tetrahydrofolate and ultimately 5-methyl-THF is formed inside 

the entero-cytes. It is transported through the basolateral surface of the small 

intestine and enters the hepatic portal vein. This exit is mediated by multidrug 

resistance-- associated protein 3 (MRP3). MRP1, MRP2 and MRP3 are the 

proteins that are organic anion transporters helpful in the exit of folates, antifolates 

like methotrexate and drugs conjugated to ligands like glucuronate or sulphate. 

These proteins expel folates and antifolates out of cells. Family of MRPs sustains 

an effective enterohe-patic circulation of folates in the body (Borst 2000).  
5-Methyl-THF appears in the liver. Major portion of reduced monoglutamates 

(80%) is released into the systemic circulation. About 20% of reduced monogluta-

mates are stored in the liver in polyglutamate form. Within blood circulation, 

folates exist in three forms, as around 30% of the folates are in the unbound form; 

another 66% of the folates are present in bound form with albumin, whereas the 

remaining 3% of the folates remain associated with high affinity folate binders. 
 
 
 

8.12.4 Cellular Uptake of Folates 

 

Proliferating cells of the body rapidly take up folates from the circulation. It is 

mediated by folate receptor alpha which is located in the cell membrane. There is 

a folate–folate receptor complex formation which undergoes invagination to form 

an endosomal vesicle. The pH of vesicle becomes acidic; hence, folate at pH 6.0 

within the vesicle is released from the complex and moves into the cytoplasm 

(Hoffman et al. 2013). 
 
 
 

8.13 Congenital Disorders of Folate Metabolism 

 

Congenital folate malabsorption has been reported by Zittoun (1995), Whitehead 

(2006), Corbeel et al. (1985) and Geller et al. (2002). These patients show signs of 

megaloblastic anemia, repeated diarrhoeal episodes, malnutrition and neurological 

manifestations in early months of infancy. Children are mentally retarded. Serum 

folate and cerebrospinal folate level are declined. Anemia responds to folate treat-

ment. However, neurological signs do not improve significantly on folate adminis-

tration owing to inability to adequately sustain CSF folate level. Multiple causes have 

been attributed to this defect of folate metabolism. A defunct folate transporter 

responsible for defective folate transportation folate in the intestine and brain is 
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responsible for decreased folate level. Defective cellular uptake of folate is also 
the possible cause for this congenital defect.  

Methylenetetrahydrofolate reductase deficiency is the frequent congenital 

disor-der of folate metabolism. Its onset is during early infancy. It is characterized 

by neurological features like mental retardation and convulsions, microcephaly 

and delayed psychomotor development. Children in early childhood have marked 

gait abnormality, psychiatric abnormality like schizophrenic disorder. Vascular 

abnor-mality has also been observed in patients. Haematological features are not 

promi-nent in this category of defect.  
Folate levels are decreased in serum, red blood cells and CSF. It is associated 

with raised serum homocysteine level and low methionine level. Homocystinuria 

is a common feature. Response to folate therapy is variable, and the prognosis of 

dis-order is poor (Zittoun 1995; Whitehead 2006; Ramaekers and Blau 2004). 

Other drugs like cobalamin, methionine, riboflavin, pyridoxine and carnitine have 

been used to ameliorate the signs and symptoms. However, disease is resistant to 

most of the drugs asserted above, and overall improvement has been observed by 

the use of betaine (Rosenblatt and Fenton 2001; Rosenblatt and Whitehead 1999).  
Methionine synthase reductase deficiency is another disorder of folate metabo-

lism which is characterized by megaloblastic anemia, hyperhomocysteinaemia and 

hypomethioninaemia. Its onset is early in infancy.  
Occurrence of mutation in MTR gene has been assigned as a cause of methylco-

balamin deficiency (Banerjee and Matthews 1990). A rise in serum homocysteine level 

is a feature of this disorder which is related to manifestations like blindness, neural 

tube defects and neurological manifestations. These symptoms appear early in 

childhood, mainly, in the first 2 years of life. A few cases of methionine defi-ciency 

exhibit severe encephalopathy (Outteryck et al. 2012).  
Methionine synthase reductase deficiency concomitant with the deficiency of 

another cobalamin-dependent enzyme, namely, methylmalonyl–CoA mutase, affects 

the patients severely. Hyperhomocysteinaemia, homocysteinuria and meth-ylmalonic 

aciduria are the biochemical manifestations. Association of two defunct enzymes in the 

body has deleterious consequences like delayed growth, mental retardation, hypotonia, 

seizures and megaloblastic anemia (Zittoun 1995; Whitehead 2006; Ramaekers and 

Blau 2004). Most of the patients die, and those who survive have to withstand 

neurological abnormalities (Rosenblatt et al. 1997). Parenteral administration of 

hydroxocobalamin may decrease the severity of this disorder.  
Glutamate formiminotransferase-cyclodeaminase deficiency is characterized by 

heavy excretion of formiminoglutamic acid. It is an autosomal recessive trait 

which is rare in prevalence and has been reported in less than 20 patients 

(Whitehead 2006). Patients with severe form of this defect has been associated 

with increased serum folate level and enhanced excretion of formiminoglutamate 

(FIGLU) in urine on consumption of L-histidine (Whitehead 2006). Megaloblastic 

anemia is variable. Mental retardation is usually the outcome of this defect 

(Zittoun 1995; Whitehead 2006; Ramaekers and Blau 2004).  
Dihydrofolate reductase deficiency was observed in three children. It was associ-

ated with megaloblastic anemia following birth of infants. Defect was responsive to 
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folinic acid (Zittoun 1995; Whitehead 2006; Ramaekers and Blau 2004). Folate is 

highly sought in the growth of the central nervous system in infancy. Hence, any 

abnormality in its metabolism is invariable followed by neurological 

manifestations of diverse nature. 
 
 
 

8.14 Excretion ofFolic Acid 

 

Folic acid is excreted in urine in the range between 2 and 5 μg per day. Another 

important source of excretion is the stools which have about 20% of the unabsorbed 

folates from food along with 60–90 μg of folates from the bile and a trace amount of 

unabsorbed folates from the colonic bacteria (Chatterjea and Shinde 2002). 

 
 
 

8.15 Deficiency of Folic Acid and Nutritional 

Anemia in Children 

 

Folate deficiency causes anorexia, loss of body weight, headache and 

megaloblastic anemia in children. Also irritability and a change in the behaviour 

of child have been observed (Haslam and Probert 1998). Preschool children face 

stunted growth. Folate deficiency before conception is fatal for the growth and 

development of foe-tus and is associated with serious consequences. According to 

MRC (1991), Czeizel and Dudas (1992) and Botto et al. (1999, 2005), 

preconceptual folate deficiency is responsible for more than 50% prevalence of 

neural tube defects covering spina bifida, anencephaly and meningomyelocele in 

intrauterine life. Further, authors asserted the growth retardation of the foetus in 

case of folate deficiency in pregnant women.  
Folate deficiency during intrauterine life results into neural tube defects. These 

are congenital defects of the brain and spine either due to failure of primary 

neurulation- process or secondary neurulation process. Ectodermal layer is 

converted into neural plate by flattening of ectodermal tissues. It is important for 

the nervous system formation. Neural plate undergoes primary neurulation in 

which it converges inwards into a tube and then secondary neurulation wherein its 

interior is hollowed to form neural tube. Neural tube defects arise due to failure of 

the sides of the neural tube to seal. Multiple explanations have been given for its 

explanation (Gordon 1985).  
Methionine is activated in the presence of ATP and SAM synthase into high-- 

energy intermediate called S-adenosylmethionine (SAM). It is necessarily neces-

sary for the post-transcriptional methylation of arginine and histidine which are 

essential for the ectodermal tissues. These are highly sensitive to the level of 

homo-cysteine. SAM is also vital for the methylation of DNA, lipids and proteins 

(MINER et al. 1997.) 
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After the methylation reaction, SAM is converted into S-adenosyl homocysteine 

(SAH). There is a fixed ratio of SAM to SAH in the tissues. According to Skovby 

(1989), rat liver has 13 μmol/g of SAH and 60–90 μmol/g of SAM (Skovby 1989).  
SAH is considered a negative feedback regulator of all reactions that synthesize 

SAM. It is a toxic by-product of the metabolic reactions. To prevent its buildup in 

tissues, homocysteine is remethylated or condensed into cysteine by 

transsulphura-tion pathway. A deficiency of folate is responsible for high level of 

homocysteine which has lethal effect on the ectodermal tissues resulting in neural 

tube defect. Neuroepithelial cells of the neural plate undergo rapid morphological 

changes before closure of neural tube, and cytoskeleton plays an important role in 

the pro-cess. Cytoskeleton includes actin, tubulin and neurofilament, and spatial 

changes in them are necessary for the changes in shape of neuroepithelial cells. 

The cytoskel-etal proteins have arginine and histidine residues which require 

methylation in the presence of SAM. Reduced folate thwarts methylation and 

manifests as impaired organization of the cytoskeletal elements in basal and apical 

ends of the cells, and ultimately, cellular contraction and migration do not occur 

resulting into neural tube defect (Moephuli et al. 1997). 
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Chapter 9  

Implication of Vitamin A 
in Nutritional Anemia 
 
 
 
 

 

Abstract Vitamin A is a fat-soluble organic compound having nutritional value, 

and it exists in highly diversified forms like retinal, retinoic acid and retinol. Its 

widely available provitamin form is the carotenoids. Vitamin A has multiple roles. 

It is necessary for the normal growth and development, immunity development 

and acquisition of normal vision. Vitamin A is a fat-soluble vitamin and its 

digestion, almost, resembles that of lipid digestion. Vitamin A affects and controls 

the eryth-ropoiesis at different stages in human life. Retinoids regulate the 

development of haematovascular tissues in yolk sac stage and shape the foetal 

erythropoiesis. Vitamin A also controls cellular proliferation and differentiation of 

the haemopoi-etic stem cells. Vitamin A is engaged in the pathogenesis of anemia 

in children through varied mechanisms. The conclusive role of vitamin A in the 

cause of anemia is uncertain. 
 
 
 

9.1 Structure ofVitamin A 

 

Vitamin A is a fat-soluble organic compound having nutritional value, and it exists 

in highly diversified forms like retinal, retinoic acid and retinol, and its widely 

avail-able provitamin form is the carotenoids in nature (Berdanier 1997; Johnson 

and Russell 2010).  
Around 600 carotenoids exist in nature which can be grouped into oxygenated 

(xanthophylls) and non-oxygenated (carotenes) carotenoids. Latter group of carot-

enoids possess beta-ionone ring and conjugated double bonds, hence termed as 

unsaturated hydrocarbons. Vitamin A and carotenes are highly sensitive to oxidation 

process in the presence of light and oxygen (Mordi et al. 1993; Ross 2006, 2010).  
Generally, carotenoids or the term provitamin A represents the compounds 

which have biological activity like that of vitamin A. Carotenes are easily 

convertible into retinol (Oslo 1993).  
Beta-carotene is a provitamin A. Carotene is the red–orange pigmented, unsatu-

rated hydrocarbons present in the plants and derives its name from carrot with red 

colour. It belongs to the class of terpenes which are aromatic hydrocarbons made up of 

eight isoprene units. They are responsible for colours of the fruits and vegetables. 

Apart from carrots, these are present in mango, pumpkin and sweet potato. 
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Beta-carotene is an important form of carotene and is associated with beta-rings 

on either end of carotene molecule. It is made up of two retinyl groups. It is con-  

verted into retinal by beta-carotene 15,15
′
-dioxygenase enzyme in the mucosa of 

the small intestine in humans. Alpha-carotene and gamma-carotene have weak 
vitamin A activity due to the presence of single retinyl group (Fennema 2008).  

Vitamin A possesses multiple roles. It is necessary for the normal growth and 

development of children, development of the immune system and acquisition of 

normal vision (Tanumihardjo 2011; Solomon 2006; IOM/FNB 2001).  
The retinal form of vitamin A as a prosthetic group associates with the opsin 

protein to form rhodopsin in the rods of eyes. It is a photosensitive pigment which 

splits on exposure to light and, hence, generates a nerve impulse (Wolf 2001).  
The retinoic form of vitamin A is necessary for the normal epithelization of the 

skin and mucosa. It acts like a growth factor for cells. Retinyl palmitate is an ester 

of palmitic acid and retinol and is abundantly found in the animal source of food. 

It is changed into retinol in the small intestine (Berdanier 1997). 
 
 
 

9.2 Dietary Sources of Vitamin A 

 

Animal food contains retinol form of vitamin A. It is a yellow, lipid-soluble 

organic compound. In its pure alcoholic form, it is unstable; hence, it is associated 

with fatty acid and exists as retinyl esters. Retinyl palmitate and retinyl acetate are 

two impor-tant commercial forms of vitamin A. Important animal sources are 

beef, eggs, cod liver oil and milk and its products like cheese, butter and yoghurt 

(UMMC 2016; Meschino 2012).  
Plant sources of food contain beta-carotene, alpha-carotene and gamma-carotene as 

the provitamin A. These have beta-ionone rings which are a characteristic of vitamin A 

activity. All herbivores and omnivores possess beta-carotene 15,15′-diox-ygenase 

enzyme in the small intestine. It is an iron-dependent enzyme responsible for cleavage 

of beta-ionone ring in beta-carotene and converting it into all-trans-- retinal form. 

Chief plant sources are oranges, yellow-pigmented vegetables and fruits, broccoli and 

spinach (DeMan 1999; USNLM 2016).  
Vitamin A is available in animal and plant foods. According to USDA (2011), 

animal foods (per 100 g) like cod liver oil, turkey liver, pork liver, eggs and milk 

contain 30,000 μg, 8058 μg, 6500 μg, 140 μg and 28 μg of vitamin A, 

respectively. Plant sources of food (per 100 g) like dandelion green, sweet potato, 

carrot, broc-coli, spinach, pumpkin, papaya and mango contain 5588 μg, 961 μg, 

83 μg, 800 μg, 469 μg, 40 μg, 55 μg and 38 μg of vitamin A, accordingly. 
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9.3 Daily Recommended Allowance 

 

The recommended daily allowance of vitamin A is represented in the form of 

retinol activity equivalents (RAE) and is expressed in mcg unit. According to 

Otten et al. (2006), all forms of vitamin A obtained from diet are transformed into 

retinol. According to authors, 12 mcg of beta-carotene and 24 mcg of alpha-

carotene avail-able in foods are comparable with 1 mcg of bioavailable retinol 

(USDA 2011; NIH 2016).  
For the sake of interconversion of RAE into IU, the following standard values 

have been recommended by NIH (2016) and Otten et al. (2006): 
 
1 IU retinol is equivalent to 0.3 mcg of RAE.  
1 IU beta-carotene in diet is equivalent to 0.05 mcg of RAE. 
 

According to Ansstas et al. (2014) and IOM/FNB (2001), the recommended 

daily allowance is determined to fulfil the requirement of all individuals in a 

particu-lar age group. RDA of vitamin A for the infants 0–6 months is 400 mcg 

RAE, for infants 7 months to 12 months is 500 mcg RAE, for children in age 

group 1–3 years is 300 mcg RAE and for children in age group 4–8 years is 400 

mcg RAE of vitamin A for their daily activities. These values are independent of 

gender of children in their age groups. 
 
 
 

9.4 Digestion ofDietary Vitamin A 

 

Vitamin A is a fat-soluble vitamin and its digestion, almost, resembles to that of 

lipid digestion. Digestion of vitamin A is not observed in the lumen of the stomach 

(Tyssandier et al. 2003).  
Free forms of vitamin A and provitamin A are absorbed into the small intestine. 

However, esterified forms of vitamin A like retinyl palmitate and retinyl acetate 

undergo hydrolysis in the GIT into free forms. Gastric lipase does not have 

lipolytic activity on the retinyl esters (Borel et al. 2001).  
These are effectively hydrolysed into the lumen of the small intestine. Cholesterol 

ester hydrolase and pancreatic lipase are secreted by the pancreas into the duode-num. 

Pancreatic lipase has higher lipolytic activity over retinyl ester in comparison with 

cholesterol ester hydrolase (Van Bennekum et al. 1999). Pancreatic lipase-- related 

protein 2 is additionally associated with cleavage of retinyl ester in the duo-denum 

(Reboul et al. 2006). However, it has been found that a few esters of retinol are 

transported intact across the mucosa of the small intestine. Later on, these are 

hydrolysed within the enterocytes (Dhuique-Mayer et al. 2007).  
Carotenoids associate with lipids and fat-soluble vitamins and form micelles 

and, hence, pass through the mucosa of the small intestine (Borel 2003). β-

Lactoglobulin is a conjugated protein in the cow milk that has the ability to bind 

with retinol and β-carotene (Perez and Calvo 1995). 
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Free retinol enters into enterocytes by simple diffusion (During and Harrison 

2007). Retinol also undergoes facilitated transport with the help of a carrier 

protein called stimulated by retinoic acid 6A (STRA6). It is a transmembrane 

protein which assists transportation of micellar retinol and/or retinol bound to β-

lactoglobulin (Kawaguchi et al. 2007).  
Carotenoids are absorbed by passive diffusion and facilitated diffusion by scav-

enger receptor class B type I. This transporter is located in the surface of the brush 

border membrane of the enterocytes (Lobo et al. 2001). Within the enterocytes, 

reti-nol is again esterified into retinyl esters. The reaction is catabolized by lecithin 

reti-nol acyl transferase (LRAT). Carotenoids are broken down into retinal form 

and, thereafter, converted into retinol and subsequently into retinyl esters. 
 
 
 

9.5 Role ofVitamin AinErythropoiesis 

 

According to Evans (2005), vitamin A affects and controls the haematopoiesis at 

different stages in human life. Retinoids regulate the development of haematovascu-lar 

tissues in yolk sac stage and shape the foetal erythropoiesis. Vitamin A also controls 

cellular proliferation and differentiation of the haemopoietic stem cells.  
Nuclear receptors regulate the genotype and phenotype of tissues during intra-

uterine and postnatal life. Retinoids act as ligands which interact with the nuclear 

receptors to influence their function favourably. Retinoids (Oren et al. 2003) are 

necessary for the normal erythropoiesis during yolk sac stage and embryonic liver 

stage. Epidemiological studies strengthen the necessity of vitamin A in normal 

haematopoiesis. 
 
 
 

9.5.1 Effect of Retinoids on Erythropoiesis 

 

Vitamin A affects the growth and differentiation of haemopoietic tissues. 

Morphological studies by Wolbach and Howe (1925) detected a reduction in the 

haematopoietic cell mass in the bone marrow of animals deficient of vitamin A. 

Later on, Douer and Koeffler (1982), in an in vitro study indicating that the reti-

noids, additionally, are implicated in the growth of haematopoietic tissues, showed 

that retinoic acid stimulates the growth of normal human granulocyte-macrophage 

progenitors. 
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9.6 Vitamin ADeficiency andAnemia 

 

Vitamin A is necessary for the epithelization of the skin and mucosa. Its deficiency 

affects the growth of erythrocyte progenitors. Vitamin A is engaged in the pathogen-

esis of Anemia in children through varied mechanisms (Semba and Bloem 2002).  
It is involved in the development of immunity, and its inadequacy in the body 

is negatively implicated in recurrent acute infections of the upper respiratory tract, 

diarrhoea, malabsorption syndrome of the GIT and anemia of infection, especially 

in the poor, rural population of the developing countries. Iron-deficiency anemia 

and vitamin A deficiency are the major public health hazards affecting millions of 

children in early childhood (Karyadi and Bloem 1996).  
An epidemiological study was conducted by Mejia and Chew (1988) to find out 

the role of vitamin A deficiency in the causation and amelioration of anemia and 

iron deficiency anemia. In their study, a total of 99 anaemic children in early- and 

school-age groups were divided into four categories. They were given iron, 

vitamin A, their combination and placebo as supplements. Vitamin A and iron 

combination provided a better improvement in the serum Fe and percent 

transferrin saturation in comparison with individual supplements of Fe and 

vitamin A. The study clearly indicates the beneficial role of vitamin A in the 

management of anemia in associa-tion with iron.  
The conclusive role of vitamin A in the cause of anemia is uncertain. Animal 

studies have yielded necessary knowledge concerning the impact of vitamin A on 

the iron status and iron deficiency anemia. Authors (Roodenburg et al. 1994) 

studied the rats in relation to vitamin A deficiency and anemia. In the group of rats 

with iron deficiency, it was found that the haemoglobin concentration was 

reduced. Hence, absorption of iron and TIBC was raised. In the other group of rats 

with vitamin A deficiency, the haemoglobin level was reduced followed by an 

increase in iron absorption and decline in TIBC. The rise in iron absorption in 

vitamin A deficiency is due to the decline in the iron store of the body. However, 

the total iron binding capacity is not raised due to locking of iron in tissues. 
 
 
 

9.7 Pathophysiology of Vitamin A-Induced Anemia 

 

Hypotheses have been proposed by different researchers explaining the possible 

role of vitamin A in the iron metabolism and in iron deficiency anemia. Vitamin A 
in the body might affect the iron metabolism at varied stages. 
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9.7.1 Vitamin A-Stimulated Iron Mobilization 

 

Iron is stored in the body tissues in the form of ferritin and haemosiderin. It is car-

ried by the transferrin in blood circulation and delivered to the bone marrow for 
erythropoiesis.  

Semba et al. (1992) studied the role of vitamin A supplements in the iron mobi-

lization in the body. Researchers (Semba et al. 1992) conducted a randomized, 

double-blind, placebo-controlled trial on 236 preschool-age children in age group 

3–6 years in West Java, Indonesia. Plasma ferritin and haemoglobin concentration 

were increased by vitamin A supplements.  
Authors suggested that vitamin A dose induced mobilization of iron from the 

hepatocytes which entered into circulation and, thereby, improved the erythropoie-

sis in the bone marrow.  
Beynen et al. (1992) studied the effect of vitamin A-deficient diet on the iron 

store of the body. Diet with low and high vitamin A was fed to rats for 28 days. 

Authors found that the iron store in the liver was comparatively higher in low 

vita-min A-fed diets in rats. However, the iron level in the femur was low.  
According to Mejia et al. (1979), supplementation of vitamin A helps improve 

the haemoglobin concentration along with serum iron level and percentage of 

trans-ferrin saturation in children who were deficient in vitamin A. Authors 

speculated that adequate level of vitamin A is necessary for the mobilization of 

iron from the body stores. 
 
 
 

9.7.2 Harmful Effect on Erythropoiesis 

 

Pluripotent stem cells undergo proliferation and differentiation into committed 

plu-ripotent stem cells and ultimately differentiation into proerythroblasts and 

interme-diates of the erythrocytes. Apart from other factors that influence 

erythropoiesis, erythropoietin predominantly affects the growth and differentiation 

of erythroid progenitors in the bone marrow (Fischer 2003).  
Erythropoietin is a polypeptide hormone secreted by juxtaglomerular cells of 

the kidney that regulates erythropoiesis under normal physiological condition. 

However, in acute and chronic hypoxic condition, its secretion is enhanced leading 

to increase in RBC synthesis. It is hypothesized that retinoic acid might influence 

the secretion of erythropoietin. It was found by Neumcke et al. (1999) that in cell 

culture, the level of erythropoietin was increased in response to retinoic acid 

independent of the partial pressure of oxygen.  
Human studies have been conducted depicting the role of vitamin A supplemen-

tation on haematological parameters, erythropoietin level in individuals suffering from 

anemia and infection. A double-blind, randomized study was conducted by 

Zimmermann et al. (2006) on the 81 Moroccan schoolchildren to assess the impact of 

vitamin A supplements. Researchers (Zimmermann et al. 2006) observed a 
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-significant rise in the geometric mean erythropoietin level, haemoglobin level and 

MCV in the group of children who received vitamin A supplements. A profound 

decline in (Zimmermann et al. 2006) the prevalence of anemia in children was 

detected. It is assumed by the researchers that vitamin A and its metabolites in the 

body influence genes that regulate transcription of proteins involved actively in the 

iron store in the body and import of iron from tissues (Zimmermann et al. 2006).  
In an another study by Cusick et al. (2005), contrasting impact of the vitamin A 

supplement was observed on the secretion of erythropoietin in anaemic preschool-- 

age group children. Sub-Saharan Africa has high prevalence of anemia whose 

cause is multifactorial including a very high occurrence of Plasmodium falciparum 

that caused malaria in children (Jaenisch et al. 2012).  
Vitamin A deficiency in preschool children is common in Zanzibari area of 

coastal East Africa. Authors provided vitamin A supplements to anaemic 

Zanzibari preschool children. Surprisingly, a sharp decline in erythropoietin level 

was observed by the authors in those children.  
It was hypothesized by the researchers that malarial infection suppressed the 

secretion of erythropoietin in children. According to Phillips and Pasvol (1992), 

pathogenesis of anemia in individuals suffering from malaria is dependent on a 

myriad of factors that interplay. A study by Woodruff et al. (1979) showed the 

sup-pression of erythropoietin in malaria infection that caused anemia. 
 
 
 

9.7.3 Impact onIron Absorption 

 

Minerals and trace elements are essential for the consistent growth and 

development of the body. There is an interaction among the dietary minerals in the 

lumen of the small intestine during absorption. It is hypothesized that vitamin A 

deficiency may be associated with iron deficiency anemia. According to Garcia-

Casal and Layrisse (1998), vitamin A influences favourably the absorption of 

dietary iron in the small intestine. It might be possible that vitamin A chelates iron 

and keeps it in the soluble form and, hence, enhances its absorption. Further, 

authors augment that food forti-fication with iron and vitamin A stimulates iron 

absorption in the presence of inhibi-tors in the lumen of the small intestine.  
Authors (Layrisse et al. 2000) studied 170 persons to assess the effect of 

vitamin A or beta-carotene on iron absorption in the presence of inhibitors. 

Authors found that vitamin A supplements raised the iron absorption from rice, 

wheat and corn by 3-, 2.4-, and 1.8-folds, respectively. Beta-carotene enhanced 

iron absorption up to threefolds from three cereals. It was assumed that vitamin A 

and carotene formed complexes with iron that stabilized in soluble form in the 

lumen of the small intestine.  
Studies authenticate the complex interaction between dietary iron and vitamin A in 

the intestinal lumen. Dietary deficiency of vitamin A could retard the absorption of 

iron and, thus, manifest as anemia. Also, earlier studies indicated the enhanced 
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secretion of erythropoietin in response to vitamin A supplements and, therefore, 
could help ameliorate iron deficiency anemia in suffering children. 
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Chapter 10  

Role of Zinc, Copper and 

Selenium in Nutritional Anemia 
 
 
 
 

 

Abstract Zinc is an essential trace element necessary for a broad category of enzy-

matic reactions, enzymes, transcription factors and proteins of the body. It is of prime 

importance in prenatal and postnatal growth and development. It is pro-foundly 

involved in normal endocrine functioning, sexual maturation and develop-ment of 

immunity. Its deficiency in the body either during intrauterine or postnatal life is 

responsible for recurrent infection of upper respiratory tract, diarrhoea, wast-ing and 

stunting in children. Zinc essentially regulates the process of erythropoiesis in the bone 

marrow. Zinc is the key component of GATA-1, also called as erythroid transcription 

factor. Zinc is required in different stages of erythropoiesis.  
Hypocupremia is responsible for dysregulation of human pluripotent stem cell 

proliferation and/or an impediment in the cellular differentiation in the bone mar-

row. Copper deficiency anemia in children is typical of microcytic or normocytic 

or macrocytic with neutropenia and thrombocytopenia as the main characteristics.  
Selenium is an important component of glutathione peroxidase, and its concen-

tration in erythrocytes shows its protective effect on erythrocytes against oxidative 

damage. This suggests that increased oxidative stress could be another 

contributing factor for the development of anemia due to selenium deficiency. 
 
 
 

10.1 Overview of Zinc as Mineral 

 

Zinc is an essential trace element necessary for a broad category of enzymatic reac-

tions, enzymes, transcription factors and proteins of the body. It is of prime impor-

tance in prenatal and postnatal growth and development. It is profoundly involved in 

normal endocrine functioning, sexual maturation and development of immunity. Its 

deficiency in the body either during intrauterine or postnatal life is responsible for 

recurrent infection of upper respiratory tract, diarrhoea, wasting and stunting in 

children. Zinc deficiency (Prasad 2003) affects about two billion people in the 

developing world and is associated with many diseases (Prasad et al. 1963). 
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Zinc is the second most important trace element in the human body. It is of 

prime significance for all the living organisms. Its abundance in the body as a 

trace mineral is next to iron (Hambidge et al. 1986). Zinc is distributed throughout 

the body tis-sues. It is the integral part of the zinc metalloproteins in the body and, 

hence, is perfused in every cell of the body (Plum et al. 2010).  
Normal serum zinc concentration is in the range of 0.7–1.3 mg/100 ml, while 

the concentration of zinc in the interstitial fluid is 2–5 uM (Magneson et al. 1987). 

Mammalian cells have normal intracellular concentration of zinc in the range of 

100–500 uM. Nevertheless, a large amount (90%) of intracellular zinc is present in 

bound form as zinc metalloprotein and does not participate actively in cellular 

func-tions. Residual amount of zinc subsists in free form as Zn++ ion (Renty and 

Leslie 2009).  
Zinc is the structural constituent of transcriptional factors and hormone 

receptors in the cell membranes and necessary for the integrity of biological 

membranes of the tissues. Zinc-dependent enzymes have been profoundly 

implicated in the mito-sis, differentiation and growth of cells (Chesters 1978). 

Zinc is ligated to the amino acids in metalloproteins. The most common amino 

acids that coordinate with zinc are aspartic acid, cysteine, glutamic acid and 

histidine, wherein zinc exists as zinc– aspartate, zinc–histidine, zinc–cysteine and 

zinc–glutamate. These ligands consti-tute labile highly reactive pool of zinc 

(Brandt et al. 2009; Ensminger and Konlande 1993; Johnson 2008).  
The body of a hypothetical person contains around 2–4 g of zinc (Wapnir 1990). It 

is prominently distributed in the brain, bones, muscles, liver and kidneys. Tissues of 

the prostate glands, semen and eyes are highly enriched with zinc concentration. It is 

necessary for normal physiology of reproductive organs (Berdanier et al. 2007).  
Zinc has a conclusive influence in the regulation of apoptosis in mammalian 

cells. It interacts with the cellular organelles in a highly complex, coordinated and 

diverse pathway. It can act on nucleus directly or indirectly through mitochondria, 

thus regulating apoptosis. Zinc can also regulate factors that signal cellular 

apopto-sis and, therefore, can have influence on nucleus and mitochondria. 

According to Chang et al. (2006), zinc enhances the expression of cytokines and, 

hence, increases their secretion and induces apoptosis. Zinc acts on receptors on 

the cells and/or trig-gers mitochondria-induced apoptogenesis.  
Zinc is located in the nuclear assembly. It is a part of the nucleus and nucleolus. 

Hundreds of enzymes for DNA replication, transcription of RNA and translation 

of proteins harbour zinc as a prosthetic group (Wu et al. 1992).  
Zinc is the major part of the glutaminergic neurons (Frederickson et al. 2000; 

Danscher 1984; Danscher et al. 1985). Zinc is contained within presynaptic vesicles in 

neurons, as stated by Finn Mogens. Later on, Haug (1967) researched intensively in 

this field exploring the zinc-enriched hippocampal region of the brain which is present, 

mainly, in the telencephalon. These neurons confiscate zinc in the presyn-aptic 

vesicles. However, glutaminergic neurons located in the brainstem, cerebel-lum and 

thalamus are devoid of zinc-containing vesicles. The hippocampus, amygdala and 

perirhinal areas are the prominent structures of telencephalon. Zinc influences the 

normal functioning of these structures and has an effect in the cause 
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of pathology concerning these parts of the brain. According to Frederickson and 

Mocrieff (1994), zinc in the synaptic cleft determines and modulates the release of 

the neurotransmitters like glutamate and ultimately influences the level of postsyn-

aptic excitatory potential. 
 
 
 

10.2 Dietary Intake 

 

According to Bales and Ritchie (2009), RDA of zinc is 8 mg per day and 11 mg 
per day for women and men, respectively, in the United States.  

In India, RDA of zinc as recommended by ICMR (2010) is in the range of 7–12 
mg per day.  

According to the Food and Nutrition Board (2000), children in the age group 
from 1 to 3 years need zinc around 10 mg per day in the food.  

Zinc natural sources are wheat, sesame, alfalfa and mustard (Ensminger and 
Konlande 1993; Ibs and Rink 2003).  

Beans, nuts, almonds, whole grains and seeds of pumpkin and sunflower are 

enriched with zinc. Other food grains like rice, maize, barley and oats are other 

sources of zinc. However, a large amount of zinc from the food grains is lost 

during milling and processing (USDA 2007).  
Nevertheless, the inhibitors like phytates present in the whole grains and food 

fibres and some seeds, definitely, hinder the intestinal absorption of zinc (Prasad 

2003). Animal sources include liver, milk and its products and fish. 
 
 
 

10.3 Zinc Deficiency and Anemia 

 

Zinc deficiency is mostly due to inadequate dietary intake of zinc. However, its 

deficiency is also associated with certain diseases, like malabsorption syndrome of 

GIT, chronic liver disease, chronic diabetes mellitus and neoplasia (Prasad 2003). 

Children in preschool-aged group, elder persons and immunity-compromised per-sons 

have higher predisposition towards zinc deficiency. About two billion popula-tion in 

the developing world are suffering from zinc deficiency (Prasad 2003).  
Zinc deficiency is manifested as stunted growth of children, wasting, recurrent 

episodes of diarrhoea, faltered growth and development, impaired cognitive 

ability, compromised immunity, skin lesions, impaired appetite, altered cognition, 

impaired host defence properties, defects in carbohydrate utilization and 

reproductive terato-genesis. Mild zinc deficiency depresses immunity.  
The World Health Organization recommends supplements of zinc to be adminis-

tered to preschool children for the prevention and management of diarrhoea and for 

interception of different forms of malnutrition in children (WHO 2007).  
Micronutrient deficiencies are caused by inadequate dietary intake, increased 

losses from the body and/or increased requirements (Adelekan 2003). 
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Poverty, inaccessibility to good food sources, illiteracy, ignorance about the 

type of foods and their nutritive values, custom and food practices are certain 

predispos-ing factors to the consumption of adequate quantity and good-quality 

nutritious food which renders the children in infancy and early childhood prone to 

the defi-ciency of trace minerals like zinc, iron, iodine and selenium (Bwibo and 

Neumann 2003).  
According to Bhan et al. (1996), in developing countries, micronutrient defi-

ciency including zinc is highly prevalent in preschool children. Therefore, iron 

supplements have profound impact in reducing the burden of disease and mortality 

in children.  
Authors (Ryu et al. 2008; Huber and Cousins 1993; Perkins 1993; Trainor et al. 

2000; Nishiyama et al. 1998) posited that zinc essentially regulates the process of 
erythropoiesis in the bone marrow.  

It was hypothesized by Cole et al. (2010) that zinc may influence iron metabo-

lism in the body, and, hence, its deficiency is an additional factor in the cause of 

nutritional anemia in children. Authors concluded that zinc level can invariably 

modulate immune response of the body of children. In a study by the authors, it 

was found that zinc deficiency and anemia were significantly prevalent in children 

belonging to low-income population, especially, among African Americans. 

Analysis proved a strong interrelationship between serum zinc and haemoglobin in 

the children.  
The above study indicates the complex interaction between the iron in the body 

and bone marrow for erythropoiesis and zinc level that has bearing on the iron 

defi-ciency anemia. Iron, zinc and other trace elements like nickel, copper and 

cadmium share common intestinal transporter as DMT. Inadequacy of one trace 

mineral in diet affects the absorption of another trace mineral by the small 

intestine either antagonistically or synergistically and, hence, ultimately guides the 

RBC synthesis.  
One group of researchers has found a low serum zinc level in children with iron 

deficiency anemia (Ece et al. 1997; Gurgoze et al. 2006; Wajeunnesa et al. 2009).  
Another group of researchers proclaims no significant correlation between zinc 

level and iron deficiency anemia in children (Turgut et al. 2007, 2009; Hegazy et 

al. 2010).  
However, zinc level declines with the onset of iron deficiency anemia. 

Coexistence of zinc and iron deficiencies in children was observed by Prasad  
et al. (1963), characterized by enlargement of the spleen and liver with the 

presence of mental lethargy and retarded growth of children, collectively termed 

as Prasad syndrome (Prasad et al. 1963). 
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10.4 Pathophysiology of Anemia in Zinc Deficiency 

 

A study done by Huber and Cousins (1993) showed that the demand for zinc is 

raised in the body in a condition in which the erythropoiesis is induced. The study, 

indirectly, posits the role of zinc in erythroid differentiation. According to Pevny 

et al. (1991), GATA-1 is necessary for normal erythropoiesis. Further it was 

asserted by the authors that deficiency of GATA-1 in the embryonic stem cell 

stage in chime-ric mice leads to failure of maturation of RBCs.  
Zinc is the key component of GATA-1, also called as erythroid transcription 

fac-tor, and is encoded by GATA1 gene (Caiulo et al. 1991). GATA-type zinc 

finger proteins have an important role in the proliferation, differentiation and 

growth of cells in the eukaryotes. GATA factors possess more than one zinc finger 

domain for attaching with DNA and another substrate (Ko and Engel 1993).  
Zinc is required in different stages of erythropoiesis and is the key element in 

varied activities at biomolecular level in the cells. Zinc finger proteins are the 

short protein motifs containing zinc as the coordinating ion (Laity et al. 2001; 

Krishna et al. 2003). Zinc finger proteins can bind with DNA, RNA and proteins 

and are necessary for gene expression (Klug 1999). These are the stable structures 

which, generally, do not undergo conformational changes after binding with the 

substrates. Zinc fingers are necessary component of transcription factor in 

eukaryotes which bind with DNA.  
Additionally, authors (Trainor et al. 2000) proved the necessity of zinc for zinc 

finger transcription factors which are needed for expression of proteins implicated 

in the last stage of erythroid maturation. Zinc concentration in the body and/or 

zinc supplementation may have an influence on haemoglobin production 

(Nishiyama et al. 1998).  
GATA-1 is expressed in the erythroid cells, and authors (Pevny et al. 1995) 

found that the maturation of GATA-1-null erythroid cells was restricted to pro--

erythroblast stage indicating the necessity of zinc ion in the form of zinc finger 

protein, GATA-1, during the course of erythropoiesis.  
It is concerned with the regulation of genes, which sequentially control the 

development, maturation and functions of RBC. In premature erythrocytes, devel-

opment of cytoskeleton and biosynthesis of globin and haem are the imperative 

functions which are controlled by the GATA-1-regulated genes (Crispino 2005).  
Kruppel-like factor is another zinc finger motif encoded by human genes 

KLF1– KLF17. The protein is responsible for gene expression by binding with the 

DNA. Erythroid Kruppel-like factor regulates transcription of gene which is essen-

tial for the translation of globin, whose requirement is utmost for the biosynthesis 

of haemoglobin. Erythroid Kruppel-like factor also undertakes the transcription of 

gene for the biosynthesis of ferrochelatase enzyme needed for coordination of fer-

rous ion with tetra-pyrrole ring structure in order to synthesize haem (Hodge et al. 

2006).  
Based on the past work of Prasad et al. (1963) on the role of zinc deficiency in 

causing anemia, clinical studies were conducted to find out the impact of -independent 
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zinc and iron supplementations and combined supplementations on the ameliora-

tion of anemia and on other haematological factors. Profound beneficial effects 

have been observed by the synergistic dose of zinc and iron on the haemoglobin 

level and reticulocyte and erythrocyte counts of the anaemic children in 

comparison to the individual supplements.  
Nevertheless, inadequate or overdose of zinc has been negatively implicated in 

the effects of zinc on the erythropoiesis. Zinc toxicity may result in 

haematological abnormalities in children. Its prolonged supplementation may be 

associated with sideroblastic anemia (Forman et al. 1990).  
According to Magee and Matrone (1960), zinc level in the range of 0.5–1% in 

rats has resulted in hypochromic, macrocytic anemia indicating the deleterious 

effect of zinc on the iron metabolism of rats. Zinc intoxication has an effect on the 

iron metabolism. It decreases the hepatic store of iron and life span of RBCs.  
According to Bloomer et al. (1983), excessive zinc ions in the circulation 

stimu-late the formation of zinc protoporphyrin which is incorporated into 
immature RBCs during haem synthesis. It replaces haem in the RBCs.  

Increased zinc protoporphyrin synthesis inhibits the delta-aminolevulinate syn-

thase--2 enzyme also called as ALAS-2 encoded by gene ALAS2 which guides 

the biosynthesis of haem under normal physiological condition. Hence, deficiency 

of ALAS-2 under zinc toxicity impairs haem synthesis resulting in sideroblastic 

ane-mia in humans. Conclusively, it is to confer that combined zinc–iron 

supplements in adequate dose and duration are necessary to overcome iron 

deficiency anemia in children. However, the concentration of zinc in the 

circulation must be monitored strictly in order to maintain normal erythropoiesis.  
According to Allen et al. (2006), micronutrient deficiency is rampant in 

develop-ing countries affecting preschool-aged children and pregnant women. 

Deficiency predisposes these individuals to high prevalence of anemia, diarrhoea, 

compro-mised immunity and increased occurrence of respiratory tract infections. 

Vitamin and micronutrient inadequacy in growing children is responsible for high 

disease burden which deters the physical, intellectual, emotional and economic 

develop-ment of children, hence faltering human capital development. Iron 

deficiency pre-disposes to perinatal mortality (Stoltzfus 2003).  
Zinc interacts with other trace elements in the body, hence affecting their 

absorp-tion and metabolism. Excessive zinc in the body inhibits intestinal 

absorption of copper and decreases its bioavailability. Manifestation of copper 

deficiency appears in the body (Bremner et al. 1976).  
Surplus zinc induces copper deficiency in the liver, heart and other tissues of 

the body. It reduces activities of copper-dependent metalloenzymes (Duncan et al. 

1953). 



anilfzk2323@yahoo.com 



 
10.6 Copper 191 

 

10.5 Contradictory Role of Zinc in Iron Deficiency Anemia 

 

Synergism and antagonism among the trace elements like iron, zinc, copper, cad-

mium and chromium determine the absorption and metabolism of these elements 

in the body and finally influence the iron status in the body and erythropoiesis.  
In a study by Gurgoze et al. (2006) on the iron-deficit anaemic children, it was 

found by the authors that serum zinc level in the children was significantly low.  
Authors suggested that the coexisting nutritional deficiencies of iron and zinc 

in the diet owing to their common food sources become the basis for the low level 

of zinc in iron deficiency anemia in children. Another possible mechanism might 

be the increased synthesis of zinc protoporphyrin in the RBCs instead of haem; 

hence, serum zinc level declined.  
Increasing zinc protoporphyrin production (ZPP) in IDA leading to lower 

serum zinc values has been proposed as an alternative mechanism. 
 
 
 

10.6 Copper 
 

10.6.1 Overview of Copper as Mineral 

 

Copper is another trace mineral that is essential to all living organisms. Copper is 

found in the liver, muscle and bone in humans. The adult human body contains 

around 100–140 mg of copper depending on the body weight which is distributed 

in different body parts. Skeletal muscles, bones and liver contain approximately 65 

mg, 23 mg and 18 mg of copper, respectively. RDA for copper in adults is 3.0 mg/ 

day (NRC/FNB 1980).  
Copper concentration in the foetal liver is much higher in comparison to the liver in 

postnatal life in humans. It is focused in the mitochondria and remains associated with 

protein and is called as neonatal hepatic mitochondrocuprein by Porter (1966). It is a 

storage form of copper instead of an enzyme in the foetal liver. After birth, 

mitochondrocuprein dissociates, thereby releasing copper (Woddowso 1974).  
Copper occurs in bound state with protein in erythrocytes and brain and liver cells 

in the form of erythrocuprein, cerebrocuprein and hepatocuprein. Important dietary 

sources of copper include kidney, liver, eggs, cereals, legumes, nuts and vegetables. 

Dietary copper is absorbed from the duodenum. Metallothionein in the intestinal 

mucosal cells helps in the absorption of copper. Zinc, cadmium, molybde-num and 

phytates retard the absorption of copper. It is transported to the liver in bound form 

with albumin. In blood circulation, copper exists in two forms. Around 95% of copper 

remains tightly bound to alpha globulin called as ceruloplasmin whose normal serum 

level is around 25–50 mg/100 ml. Its one molecule possesses six to eight atoms of 

copper, equally distributed as cuprous and cupric ions. Unlike transferrin, copper in 

ceruloplasmin is not easily available to other tissues. Another 4% of copper is loosely 

attached to albumin (Linder et al. 1998). 
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A routine diet provides around 5 mg of copper, and the daily requirement for an 

adult person is around 2.5 mg of copper. Under normal condition, the liver 

excretes around 85% of the dietary copper along with bile. It enters the duodenum. 

Reabsorption of copper from the duodenum does not take place, and probably it is 

the mechanism of copper homeostasis in the body, whereby the copper from GIT 

is excreted in faeces. Urinary excretion of copper is negligible (Percival and Harris 

1990). Copper is one of the structural constituents of the cytochrome c oxidase 

enzyme in the mitochondrial inner membrane. The enzyme is required in the 

termi-nal stage of electron transport chain for oxidative phosphorylation. Enzyme 

is involved in the transfer of electrons to oxygen molecule, hence reducing it into 

water molecule (Vest et al. 2013).  
Superoxide dismutase is dependent on the presence of copper for its catalytic 

activity. The enzyme is characterized for its dismutation potential of superoxide 

free radicals produced in the body as a result of metabolic reactions. These 

radicals are converted into either molecular oxygen or hydrogen peroxide by 

addition or removal of electrons from the radicals.  
Ceruloplasmin and hephaestin are the highly essential enzymes with 

ferroxidase activity. These enzymes oxidize their substrates with the simultaneous 

reduction of dioxygen into water. The oxidizing activity is due to the presence of 

copper and iron ions in the enzymes. Ceruloplasmin is importantly involved in the 

oxidation of fer-rous form into ferric form, which, in turn, forms the basis of iron 

binding to apo-transferrin in circulation, as well as the iron storage in the form of 

ferritin in tissues. Hephaestin in the form of ferroxidase is indispensable for 

conversion of ferrous into ferric iron within intestinal mucosa cells, a process 

needed for its transport from inside of enterocytes into enterohepatic circulation 

(Wierzbicka and Gromadzka 2014).  
Copper has a role in the iron absorption, necessary for activity of enzymes con-

cerning biosynthesis of haem and globin. Copper deficiency results in a number of 

symptoms like neutropenia, low RBC count, low haemoglobin, leucopenia and 

low neutrophil count. Neutrophils are responsible for first-line defence, and hence, 

recurrent infections are the common consequence in low copper state of the body 

(Halfdanarson et al. 2008). 
 
 
 

10.6.2 Copper and Iron Deficiency Anemia 

 

Copper deficiency anemia in children is typical of microcytic or normocytic or mac-

rocytic with neutropenia and thrombocytopenia as the main characteristics (Kumar 

2006). The prominent pathogenesis of copper deficiency anemia is the impaired 

transportation of copper in the body as a result of weak activity of copper--dependent 

enzymes like ceruloplasmin and hephaestin in the body (Kodama and Fujisawa 2009). 

Cytochrome c oxidase enzyme is the key and terminal enzyme responsible for electron 

transport to oxygen and is copper-dependent enzyme. Deficiency of the enzyme in 

animal models as studied by Klevay (2006) showed the decreased haem 



anilfzk2323@yahoo.com 



 
10.7 Selenium 193 

 

synthesis in the body. Also, iron ions aggregated to form unusual patterns around 
the erythroblasts during erythropoiesis and are called sideroblastic anemia.  

Hypocupremia, according to Tokuda et al. (1986), is responsible for irregular 

human pluripotent stem cell proliferation and/or an impediment in the cellular dif-

ferentiation in the bone marrow. The study of Graham and Cordano (1976) proved 

that hypocupremia in children affects the iron metabolism. Initially, copper defi-

ciency impairs the absorption of iron and is responsible for restricted 

transportation of iron in circulation and limited bioavailability of iron. Later on, 

hypocupremia aggravates the supply of iron to the bone marrow and impairs the 

normal process of erythropoiesis.  
Copper deficiency has been considered the likely cause of anemia, but it was 

not until the completion of a series of case–control studies of copper deficiency in 

infants recovering from malnutrition (Cordano 1998).  
Copper deficiency in humans is relatively low and according to Williams (1983) is 

manifested as hypochromic, normocytic or macrocytic anemia, neutropenia, 

thrombocytopenia and hypoferremia and raised susceptibility to bone fracture.  
Conclusively, it can be inferred that hypocupremia-induced anemia is due to 

impaired iron absorption and decreased iron transportation from the tissues as a 

result of diminished copper-dependent ferroxidase activity in the body, which ulti-

mately is expressed as reduced erythropoiesis in the bone marrow. 
 
 
 

10.7 Selenium 
 

10.7.1 Overview 

 

Selenium is a trace element essential for all living organisms including humans 

and is an important component of conjugated protein named as selenoproteins 

involved in multiple functions as DNA synthesis, reproduction, antioxidative 

property and immunity (Sunde 2012; Roman et al. 2014; Hatfield et al. 2014; 

Hoffmann 2007; Papp et al. 2007, 2010).  
Authors Schubert and Lahey (1959) asserted that cytological examination of the 

bone marrow showed the presence of vacuoles in erythroid and myeloid progenitors 

and their consequent delayed maturation. There are as many as 15 selenoproteins that 

have been discovered in various tissues like GIT, thyroid glands, liver, kidneys, CNS, 

plasma, muscle, sperm tail and adipose tissues (Levander 1986).  
Selenium for humans is abundantly present in plant-based foods. The 

concentra-tion of selenium in plants is dependent on its soil content. Selenium 

subsists in inorganic and organic forms in nature. Selenate and selenite are the 

main inorganic forms of selenium which are concentrated in soil, and hence, 

plants can extract and accumulate them. Selenomethionine and selenocysteine are 

the organic states of selenium (Sunde 2006; EFSA 2009). 
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Cereals contain around 1 μg of selenium by weight. Contrarily, animal-based 

foods are the poorer source of selenium (Pennington and Schoen 1995).  
Plants convert inorganic forms of selenium into organic forms like selenocyste-

ine and selenomethionine, while the latter form of selenium is widely present in 

the human body, prominently in the muscles, liver, nails, kidneys, bones and 

blood. According to Terry and Diamond (2012), voluntary muscles represent the 

main tis-sue of selenium storage in the body, accounting for approximately 28– 

46% of the body selenium.  
Recommended dietary allowance for selenium during the first 6 months is 15μg 

and thereafter, from 7 months to 3 years is 20 μg and in the age group between 4 

and 8 years is 30 μg, according to NIH (2016).  
Another important dietary source is the Brazil nuts which provide 

approximately 544 μg of selenium in one serving (1 oz). Wholewheat one slice of 

bread provides 13 μg of selenium as per NIH (2016).  
In addition to dietary sources of selenium, it is available in multivitamin 

prepara-tions. Further, selenium-rich yeast is a source of selenium. Mostly, the 

supplements contain selenomethionine which is easily absorbed by the human 

body (IOM/FNB 2000).  
Dietary selenium is absorbed from the duodenum through brush border surfaces 

of enterocytes. Selenomethionine is more easily absorbed in comparison to other 

forms of selenium. Afterwards, selenium is circulated in plasma in bound form 

with beta lipoprotein. Selenomethionine is a biologically active form and, hence, 

can be taken up by myoglobin, nucleoproteins, myosin, cytochrome c and other 

body tis-sues. Around two thirds (80%) of the selenite in the dietary sources is 

absorbed from the small intestine (WHO 1987).  
Selenomethionine has comparatively higher rate of absorption (90%) in the 

small intestine than the selenite (Patterson et al. 1993). The bioavailability of sele-

nium from the wheat is around 80%, while its absorption and bioavailability from 

Brazil nuts (Mutanen 1986) are a little higher (90%).  
Selenium has multiple functions in the human body. It is the structural constitu-

ent of glutathione peroxidase enzyme which is fundamentally involved in the 

reduc-tion of hydrogen peroxide into water and prevents the peroxidation of lipids, 

proteins and DNA molecules. It is a selenium-dependent antioxidant (Steinbrenner 

and Sies 2013). 
 
 
 

10.7.2 Selenium and Iron Deficiency Anemia 

 

It was hypothesized by Allen et al. (2000) that deficiency of iron alone and/or 

other trace minerals is responsible for anemia in children. Further it was asserted 

by the authors that poor compliance by the patients, deficiency of multiple 

micronutrients and improper regimen of the iron supplements are responsible for 

persistence of anemia in children. 



anilfzk2323@yahoo.com 



 
References 195 

 

It has been observed by Hamedani et al. (1987) in the animal studies that ideal 

concentration of glutathione peroxidase in erythrocytes shows its protective effect 

to erythrocyte against oxidative damage. This suggests that increased oxidative 

stress could be another contributing factor to the development of anemia due to 

selenium deficiency.  
Selenium is contained in glutathione peroxidase, an enzyme that plays a major 

role in the protection against free radicals and oxidative stress. A possible 

biological mechanism by which selenium deficiency could cause anemia is through 

(Tron et al. 2005) upregulation of haem oxygenase-1, which catalyses the initial 

step of haem metabolism and reduces haem to biliverdin, carbon monoxide and 

free diva-lent iron. Haem oxygenase-1 has anti-inflammatory properties and may 

cause a chronic inflammatory syndrome. In addition, haem oxygenase-1 releases 

Fe2+ from the core of the haem molecule, leading to the rapid expression of the 

iron-- sequestering protein ferritin, as well as an ATPase pump that actively 

removes intra-cellular iron from the cell (Mostert et al. 2003).  
A study by Nhien et al. (2008) was conducted to investigate the 

interrelationship among micronutrient deficiency and anemia involving children in 

age group of 1–3 years. Serum concentrations of copper, zinc, selenium and 

magnesium and Hb concentration were estimated. Serum selenium deficiency was 

correlated with ane-mia in children.  
A descriptive study was conducted by Yetgin et al. (1992) on children with iron 

deficiency anemia. Serum selenium concentration was detected by spectrofluoro-

metric method. Low serum selenium level was found in anaemic children.  
Gurgoze et al. (2004) evaluated the serum selenium level in iron deficiency 

anae-mic children. Iron deficiency anemia is very common in children. Low serum 

sele-nium levels were found by the authors in children with IDA in comparison to 

control group of children. Rashid and Ghaznavi (2015) found low serum selenium 

levels in their study on primary school children. This was associated with anemia 

in children. Selenium deficiency was linked to stunting and anemia in children. It 

was observed by Gashu et al. (2015). 
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Chapter 11 

Effect of Diarrhea on Anemia in Children 
 
 
 
 
 
 

 

Abstract Diarrhea is an infective and inflammatory condition of gastrointestinal 

tract characterized by passage of malformed watery stools frequently. Unlikely, 

the habit of passing normal consistency and shaped stools more than one time a 

day is not considered as diarrhea. Chronic diarrhea is rampant in developing 

countries. Preschool children residing in slum areas, villages, and remote areas 

where the medical facility and awareness are lacking are highly susceptible toward 

infections of respiratory tract and GIT. It is a common occurrence that they suffer 

from diar-rheal episodes repeatedly in a year, especially in developing countries. 

Diarrhea is the prime cause of malnutrition in children under 5. Vicious cycle 

between malnu-trition and diarrhea drains and debilitates preschool children. 

Emaciated children are further predisposed to bacterial and viral infections. Poor 

sanitization, poor quality of drinking water, defecation in open in villages, 

leaching and drainage of human excreta in water bodies, poor medical facilities, 

and inaccessibility and igno-rance to hygiene are a few prominent and profound 

factors for prevalence and inci-dence of diarrhea. 
 
 
 

11.1 Overview 

 

Diarrhea is an infective and inflammatory condition of GIT (Gupta 2014a, b). 

According to WHO (2014), diarrhea is the second leading cause of mortality in 

preschool children. Generally, a diarrheal episode terminates within a week (NDDI 

2013). Infection spreads by use of contaminated food or drinking water (Jill et al.  
2010). Diarrhea is a main cause of childhood mortality in the developing 

countries. It impairs the immunity of affected preschool children (Bern et al. 1992; 
UNICEF 2005).  

According to Gibbons and Fuchs (2007), chronic diarrhea is rampant in develop-ing 

countries. Its attack may persist for more than 2 weeks and is prevalent in chil-dren in 

2–3 year age group. Chronic diarrhea induces inflammation in the mucosa of 

duodenum and, therefore, impairs the absorptive capability of small intestine.  
However, its persistence is accompanied by severe effects on the health of pre-

school children. It dehydrates and drains minerals from the body. Children become 

malnourished with compromised immunity, and these children are highly vulnera-

ble to chronic diarrhea (WHO 2014). 
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11.2 Descriptive Research Study 

 

A descriptive study was conducted by the author (Gupta 2014) on children between 2 

years and below 5 years in Fazilka city in India. The study was focused to deliver 

prevalence of diarrhea in children and to ascertain the correlation between diarrhea and 

wasting among children. The author observed overall prevalence of (5.5%) diarrhea in 

children. The author found that children (89% and 85%) from schools, anganwadi, and 

slum areas had normal nutrition status as shown in Table 11.1. Further, the author 

observed that prevalence of wasting was 11% and 15% in chil-dren, as in Table 11.1. 

The author observed prevalence of diarrhea (37%, 30%, and 72%) in children as 

shown in the table. Further, it showed a higher prevalence (46%) of diarrhea in 

children who suffered from wasting.  
The author observed that 86% of children in the study were normal. Another 

46% of children suffered from diarrhea and wasting. Children (13%) had only 

wast-ing, as shown in Table 11.2.  
Diarrhea physically weakens the body, impairs immune status, and deteriorates 

the ability of gut mucosa to absorb food. These manifestations repeat periodically; 

thereby, affected children become malnourished. These children develop predispo-

sition to infections.  
A study by Gupta (2014) depicted the prevalence of 46% diarrhea in children who 

were suffering from wasting below the age of 5 years. In another work by authors 

(Joshi et al. 2011) in the district of Bahraich, Uttar Pradesh, India, almost similar 

prevalence (55.6%) of diarrhea was observed in malnourished children. Both 

observational studies on malnourished children under 5 exemplified the pres-ence of 

high prevalence of diarrhea in malnourished children, although the preva-lence 

between two studies varies which can be attributed to variation in availability of food, 

poverty, literacy, socioeconomic status, sample size, and medical facility. 

 
 

 
Table 11.1 Prevalence of wasting and diarrhea among children  
  Normal children Wasting in children Diarrhea in children 
 

Strata 
      

 (n/N) (n)% (n/N) (n)% (n/N) (n)% 
        

 School children 213/240 89 27/240 11 10/27 37 
        

 Anganwadi children 107/127 85 20/127 15 6/20 30 
        

 Slum children 62/73 85 11/73 15 8/11 72 
          
Reproduced with permission from Gupta (2014a) 

 

 

Table 11.2 Demonstrating Category Overall prevalence 

prevalence of normalcy, 
  

Normal children 86% 
wasting, and diarrhea   

Children with wasting 13% among children 
  

  Children with diarrhea and wasting 46% 
     

Reproduced with permission from Gupta (2014a) 
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Findings by UNICEF (2006) that 39% of malnourished children suffered from 

diarrheal episodes frequently and managed with oral rehydration therapy, 

addition-ally, supplement the findings in the present study.  
Study by Gupta (2014a) showed highly significant correlation between diarrhea 

and wasting (p < 0.001) among children. Similar high association between 

diarrhea and wasting in children had been observed by Siddique et al. (1991), EI 

Samani et al. (1998), and Sachdev et al. (1991). 
 
 
 

11.3 Diarrhea andAnemia 

 

Preschool children residing in slum areas, villages, and remote areas where the 

medical facility and awareness are lacking are highly susceptible toward infections 

of respiratory tract and GIT. It is a common occurrence that they suffer from diar-

rheal episodes repeatedly in a year, especially in developing countries (Joshi et al. 

2011; Banerjee et al. 2004; Park 2000; NICED 2005). Diarrheal attacks worsen 

the physical and nutritional status of affected children. These children are 

predisposed to wasting and underweight, and the chronicity of the disease is 

responsible for stunting of children. Diarrhea weakens the absorptive capability of 

small intestine, and the children are deprived of the dietary micronutrients and, 

hence, endure defi-ciency of iron and other minerals in their body. Children have 

impaired immunity and higher tendency to nutritional anemia. Diarrhea is a 

predisposing factor for malnutrition among preschool children (WHO 2013).  
Vicious cycle between malnutrition and diarrhea drains and debilitates 

preschool children. Emaciated children are further predisposed to bacterial and 

viral infec-tions. Diarrhea in preschool children is more frequently caused by the 

infection of E. coli, Salmonella, Paratyphi, and Shigella through contaminated 

foods and drink-ing water. Poor environmental factors, namely, open defecation, 

improper waste disposal, and poor hygiene, are profoundly implicated in the 

spread of diarrhea especially in poor settings (Jill et al. 2010).  
Diarrhea weakens the immunity of children and is the leading reason behind the 

high morbidity and mortality of preschool children (Bern et al. 1992; UNICEF 

2005; WHO 2007; UNICEF and WHO 2010; Woldie and Kbede 2015).  
According to Gupta (2014b), poor sanitization, poor quality drinking water, 

def-ecation in open in villages, leaching and drainage of human excreta in water 

bodies, poor medical facilities, and inaccessibility and ignorance to hygiene are a 

few prom-inent and profound factors for prevalence and incidence of diarrhea in 

developing countries. It is a easily controllable but life-threating disease 

responsible for high disease burden in children under the age of 3 years 

(Lakshminarayanan and Jayalakshmi 2015; Jayalakshmy et al. 2011).  
Authors (Howard et al. 2007) investigated the occurrence of diarrhea, fever, and 

anemia in children. Cross-sectional study was conducted in rural areas of Indonesia on 

children in age group from 6 to 59 months. Prevalence of anemia was observed in 

more than 50% of the population, and these anemic children were suffering from 
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wasting and stunting. Diarrheal episodes were significantly associated with 

anemia in children. Diarrhea is the cause for micronutrient deficiency anemia in 

children under 5. Disease impairs the absorption of dietary nutrients, and it 

exhausts the body store of iron and other micronutrients.  
Another study by Haile et al. (2015) found high probability of anemia in 

children who were suffering from diarrhea as determined by preceding 2 weeks 

history of diarrhea before the study. Study was conducted on children below 2 

years of age in Northeast Ethiopia. Anorexia and malabsorption result into anemia. 
 
 
 

11.4 Conclusion 

 

Diarrhea is profoundly correlated with wasting in children. It derails the absorptive 

ability of small intestinal mucosa. It exaggerates the loss of minerals from body. 

Diarrhea must be managed promptly at the base level through proper education and 

motivation of population by doctors, paramedicals, and government sector. 
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Chapter 12 

Effect of Malnutrition on Nutritional Anemia 
 
 
 
 
 
 

 

Abstract Child nutrition refers to dietary needs of children and encompasses that 

children must consume quality foods and in the appropriate quantity which are 

essential for their normal growth and development and are vital for the prevention 

of malnutrition like stunting, wasting, underweight, and obesity. Poor dietary 

intake and repeated infections are responsible for stunted growth of children. 

Irrespective of government policies for the benefit of population in terms of good 

nutrition and good physical and mental health of children, childhood malnutrition 

has been the major public health hazard throughout the world. Protein-energy 

malnutrition is a specific type of malnutrition, wherein inadequate intake of 

calories and/or protein is responsible for ill effects on the body of children. 
 
 
 

12.1 Overview 

 

Child nutrition refers to dietary needs of children and encompasses that children 

must consume quality foods and in the appropriate quantity which are essential for 

their normal growth and development and are vital for the prevention of malnutri-

tion like stunting, wasting, underweight, and obesity.  
Good nutrition signifies adequate quantity and quality of food consumed to 

assure physical, mental, and social health of children. According to United 

Nations Development Program (UNDP 1990), Human Development Index 

monitors the health, income, poverty, and education of nations over certain period 

of time. Authors (Alkire 2002; McGillivray 2007) have included empowerment, 

physical safety, political and civil freedom, and gender equality.  
The United Nations World Summit for Children Goals appreciated child 

growth as a public health indicator which is meant to monitor the nutritional status 

and health of children in population (UNICEF 1993). Poor dietary intake and 

repeated infections are responsible for stunted growth of children. These children 

have higher tendency to diarrheal episodes and secondary infections of upper 

respiratory tract, malaria, and pneumonia (De Onis and Blossner 2003).  
Irrespective of government policies for the benefit of population in terms of good 

nutrition and good physical and mental health of children, childhood malnutrition has 

been the major public health hazard throughout the world (Black et al. 2013). 

Malnutrition, according to World Food Program (2008), is defined as a state in 
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which the physical function of an individual is impaired to the point where he or 

she can no longer maintain natural bodily capacities such as growth, pregnancy, 

lacta-tion, learning abilities, physical work, as well as resisting and recovering 

from diseases.  
Malnutrition comprises undernutrition and overnutrition. However, it is largely 

perceived as undernutrition for the sake of field study. Malnutrition and infection are 

the chief impending causes of child mortality in developing countries especially in 

poor, illiterate population in remote settings. Malnutrition is responsible for more than 

50% of child mortality per year, according to Neumann et al. (2004).  
According to World Health Organization, malnutrition refers to the cellular 

imbalance between the supply of nutrients and energy and the body‘s demand for 

them to ensure growth, maintenance, and specific functions.  
Protein-energy malnutrition is a specific type of malnutrition, wherein inade-quate 

intake of calories and/or protein is responsible for ill effects on the body of children. 

Broadly, all the organs are affected in protein-energy malnutrition. Its type may 

manifest as predominantly protein malnutrition, which is called Kwashiorkor. The term 

implies sickness of the weaning (Scheinfeld et al. 2016) and is strictly due to 

inadequacy in protein intake. Edema is the characteristic feature of Kwashiorkor. 

Another type of PEM is the Marasmus, which is primarily caused by inadequate 

calories intake by children. This Greek word signifies wasting or withering (Scheinfeld 

et al. 2016). Marasmus children are acutely emaciated. Still another type of PEM is the 

intermediate of earlier two forms, diagnosed as Marasmus-- Kwashiorkor. Possibly, the 

type is associated with poor prognosis. It is character-ized by inadequate intake of 

protein as well as calories. PEM is worldwide in its distribution and is observed in 

children and adults (Franco et al. 1999). 
 

Stunting is the chronic malnutrition, wherein the height for age is low in refer-ence 

to the standard. It is the sequel of prolonged inadequacy of food consumption which 

arises due to varied reasons (World Food Program 2008). In contrast to stunt-ing, acute 

malnutrition refers to inadequate intake of food over a short period of time and is 

manifested as low weight for height in comparison to standard. It is called wasting and 

is the after effect of famine, food shortage, floods, and/or acute infection affecting the 

children (World Food Program 2008). Underweight is still another type of malnutrition 

which is characterized by low weight for age in refer-ence to standard. It is the 

consequence of either long-standing stunting and/or wast-ing or two which together 

affect the metabolism of body negatively and result into underweight (World Food 

Program 2008). These children are unusually thin with respect to age. Malnutrition 

may be the ill effect of insufficient consumption of macronutrients and micronutrients. 

Vitamins and minerals are essential for proper growth and development of children. 

Nutritional anemia is the nutritional disorder arising due to insufficient intake of diet 

rich in iron. According to WHO, anemia refers to hemoglobin concentration of less 

than fifth percentile in accordance to age (Janus and Moerschel 2010). Preschool 

children are severely affected due to iron deficiency anemia which curtails the growth 

and cognitive development (Villalpando et al. 2003). Academic performance, work 

capacity, and social health of children are hampered (Villalpando et al. 2003). Iron 

deficiency and deficiency of folate and 
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vitamin B12 are the commonest causes of nutritional anemia in under age 5 

(Villalpando et al. 2003; Cornet et al. 1998; Fleming and Werblinska 1982).  
As per data provided by You et al. (2012), in 2012, about 6.6 million children 

below the age of 5 years died. High child mortality is observed in developing coun-

tries. These deaths are attributed to lack of medical facility for timely management of 

acute infections and inaccessibility to affordable diagnostic tests and interven-tions 

(You et al. 2012). About 3.7 million (Ezzati et al. 2004) children under 5 die due to 

underweight. Millennium Development Goal emphasizes on the approaches to reduce 

the burden of underweight in children under 5 years in the world (Ezzati et al. 2004). A 

report by UNICEF (2012) asserted that in 2000, about 197 million children under 5 

were stunted. The figure has declined to about 162 million in 2012.  
A report (UNICEF 2012) stated that around 99 million children under 5 were 

underweight and around 51 million children suffered from wasting. Globally, about 17 

million children under 5 were severely wasted as per report (UNICEF 2012). South 

Asia had a prevalence of 16% wasting in children under 5 (UNICEF 2012). According 

to UNICEF (2012), the prevalence of wasting has declined by around 12% in 

comparison to the data of 1999 (58 million). Further, as per UNICEF (2012), the 

prevalence of underweight in children has declined by 15%. This downward trend of 

malnutrition in children is slow (UNICEF 2013). Prevalence of stunting has declined 

by 40% in Asia and Latin America (UNICEF 2012), whereas stunting prevalence is 

around 10–15% in Africa and Oceania (UNICEF 2012). According to de Benoist et al. 

(2008), worldwide anemia prevalence in children is estimated to be 47.4% involving 

around 239 million children under 5. Africa witnessed the highest prevalence of 

anemia as 67.6%, and Southeast Asia recorded 65.5% prevalence of anemia in children 

(Benoist et al. 2008).  
In a study by Christofides et al. (2005) among Canadian children, anemia was 

estimated in the range between 3.5 and 10.5%. Authors (Cusick et al. 2008) 

reported a prevalence of 3.6% of anemia in the United States. In European 

countries like Sweden and Germany, the prevalence of anemia, according to 

Benoist et al. (2008), was 8.6% and 7.8%, respectively.  
Authors (George et al. 2000) estimated a correlation between anemia and nutri-

tional health among preschool children in Kerala state in India. Authors observed 

that around 10% of the participants suffered from anemia and another 505 of the 

participants were malnourished. Authors posited a confirmatory association 

between malnutrition and anemia in children. Poverty and illiteracy were 

widespread among the families who participated in the study.  
Another study was conducted by Jain et al. (2000) among children in early 

child-hood period who resided in urban slum areas at Meerut in India. Authors 

described that 25% of the study participants suffered from severe anemia (Hb <7 

g/100 ml), whereas 50% of the study participants had Hb concentration in between 

7 and 9.9 g/100 ml. The rest of the participants were suffering from mild anemia 

with Hb level less than 11 g/100 ml. 
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Malnutrition is a deranged state of nutrition. It is attributed to either inadequacy 

of nutrients or superfluous nutrients resulting into undernutrition or overnutrition, 

respectively. It impairs the physical, mental, and intellectual growth and develop-

ment of children. As per UNICEF (1993, 2012, 2013), malnutrition is the foremost 

hazard to the public health. Its occurrence is very high in developing countries and 

is the key factor for rising mortality and morbidity in children under 5.  
Low calorie intake owing to poverty and poor access to nutritious foods and/or loss 

of micronutrients from the body due to a disease manifest as acute malnutrition called 

wasting (Bloss et al. 2004). Additionally, inadequate food supply either due to natural 

calamity or policy of state government and long-standing diseases like tuberculosis, 

diarrhea, or AIDS are the factors for wasting in children (Gupta 2011).  
Pallor is a physical sign of anemia which can be easily observed by a paramedi-

cal health worker. Anemia due to deficiency of nutritional components is 

prevalent in children below the age of 5 years and is associated with malnutrition 

in children. A cohort study was undertaken by Gupta (2015) to investigate the 

occurrence of anemia and its effect on the nutritional status of under 5-aged 

children. The author found that malnourished children exhibited high occurrence 

of pallor in nail beds in comparison to healthy children.  
The first 2 years of postnatal life is highly critical in terms of growth and devel-

opment of children. Normal physiological process during this phase of life 

requires adequate supply of dietary nutrients. However, it is deplorable that in 

villages, rural areas, and slum inhabitants where the poverty is widespread, there is 

inadequacy in quality and quantity of diet that is provided to the growing children. 

Further, the lack of knowledge toward the value and beneficial effects of 

breastfeeding thwarts the normal growth and development of children.  
Retarded children have weak immunity, and as a consequence, these children 

are highly inclined to infections (De Onis and Blossner 2003). A study was 

undertaken an author in Egyptian rural inhabitation among the children between 

age groups 6 months to 15 years. Authors found that more than 50% of the 

children were suf-fering from diarrhea. Complete weaning below 6 months of age 

was observed in around one fifth of the children. High prevalence of anemia was 

observed in chil-dren who had frequent diarrheal episodes and were under the age 

of 2 years. Adequate iron store of body is necessary during preschool age group. 

Contrarily, anemia in this age group is highly detrimental to the physical and 

mental growth and development of children (Villalpando et al. 2003). 
 
 
 

12.2 Cross-Sectional Research Study 

 

Anemia is described as a decline in concentration of hemoglobin and/or a decrease 

in count of erythrocytes below a reference value. According to authors (Walter et 

al. 1989), improper weaning and a supplementary diet which is poor in quality and 

quantity, definitely, lead to anemia in children. 
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Table 12.1 Demonstrating 

   
Age Pallor (n %) Normal (n %) 

pallor prevalence among 
   

2–3 years 16.5% (28/169) 83.4% (141/169) 
children    

>3 years– 32% (87/271) 68% (184/271)  

 <5 years   
    

 Reproduced with permission from Gupta (2015) 

 

 

Pallor is examined in conjunctiva, nail beds, crease of palm, and labial mucosa. 

Additionally, authors (Nardone et al. 1990) posited that pallor of conjunctiva has 

high diagnostic value to anemia in comparison to the pallor of nail beds or palm. 

According to authors (Strobach et al. 1988), paleness of conjunctiva is an easily 

discernable clinical sign that depicts moderate to severe anemia.  
A report by WHO and UNICEF (1995) has asserted that sign of pallor is a 

simple method to detect anemia. Although it is not a perfect technique, however, it 

is a simple, easy, and noninvasive clinical method to detect anemia. Anemic 

children have reduced appetite. It deprives essential minerals and enough calories 

for their growth and development. Children have compromised immunity and 

become vul-nerable to infections. The vicious cycle promulgates and terminates in 

severe anemia.  
The author (Gupta 2015) conducted a cross-sectional study on children between 

2 years and below 5 years age group in the city of Fazilka in India to detect effect 

of pallor on nutritional level of children. The presence of pallor over nail beds is 

an important clinical sign of anemia. The author selected a total of 440 children. 

The author posited overall prevalence (26%) of pallor among children.  
The author (Gupta 2015) observed that the prevalence of pallor was higher in 

age group (>3–<5 years) in comparison to age group (2–3 years), as shown in 

Table 12.1. According to the author (Christoffel 1981), children, after 3 years of 

age, develop deciduous dentition. They have the tendency to consume junk foods 

instead of nutritious food items. These children are deprived of necessary minerals 

and energy for their growth as the junk food is devoid of minerals, primarily iron.  
The author (Gupta 2015) observed odds ratio (OR = 43) between group of chil-

dren with pallor and wasting and another group of children with wasting without 

pallor. The study demonstrated a much higher odds of developing wasting in chil-

dren who suffered from pallor. Further analysis in the study by Gupta (2015) 

showed odds ratio (OR = 9.8) between children with pallor and underweight and 

children without pallor and underweight.  
The findings in the study by Gupta (2015) were supported by the work of Singh 

(2014), which observed that anemia was higher in children who were underweight.  
Correlation between pallor and malnutrition was authenticated by the work of 

Bhoite and Iyer (2011) which depicted that the proportion of anemic children 

increased as the severity of underweight increased. In their study, 25% prevalence 

of anemia was noticed in mild underweight children, which increased to a preva-

lence 42% of anemia in severely underweight category. 
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Anemia has a multifactorial etiology. Iron deficiency anemia is more prevalent 

in preschool children. Anemic children become susceptible to infections. 

According to Kotecha (2011), immunity of anemic children weakens, and their 

appetite declines. This vicious cycle perpetuates to malnutrition. 
 
 
 

12.3 Anemia, Diarrhea, and Malnutrition 

 

Basic knowledge about the factors that endanger the physical and mental growth 

of children helps to carve the remedial and interceptive programs. Malnutrition 

during preschool age deters the growth of children accompanied by poor cognitive 

behav-ior and predisposition to infections like diarrhea and respiratory tract 

infection. Physical, mental, intellectual, and economical growth of children is 

delayed. Micronutrient deficiency is the main cause of anemia in children, and its 

prevalence is higher in malnourished children. Low dietary iron, decreased 

absorption of dietary iron, and malabsorption syndrome are the causes of iron 

deficiency anemia especially in the poor section of society. Further hygiene, 

sanitation, water quality, dietary beliefs, and customs have high impact on the 

health of children in rural inhabitation. 
 
 
 

12.4 Conclusion 

 

Anemia and underweight in children are correlated. These are major health prob-
lems involving children below the age of 5 years. 
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Chapter 13  

Infants’ Consumption of 
Cow Milk and Anemia 
 
 
 
 

 

Abstract Milk proteins are nutritionally significant for the children under 5 years 

of age. Proteins are the necessary building blocks of body tissues and provide 

amino acids essential for the growth and development of body of preschool 

children and their higher cognitive functions. Casein is important milk protein 

which is phospho-protein in nature. It is precipitated in stomach and is the cause of 

delayed absorption of casein protein in children and infants. Conversely, whey 

protein‘s digestibility and absorption are comparatively rapid from mucosa of 

GIT. Human breast milk is an important source of taurine and cystine amino acids. 

It is advisory for infants that who have allergy to cow milk should be provided 

human breast milk. It has been proved that feeding of infants with cow milk early 

in life might provoke immuno-logical response in a few infants which in turn 

become a breeding ground for patho-genesis of iron deficiency and zinc depletion 

in infant‘s body. Otherwise, exclusive breast-feeding of infants during initial 6 

months and relative restriction from the start of cow milk are worthwhile practices 

to prevent cow milk protein allergy and associated clinical manifestations. 
 
 
 

13.1 Overview of Cow Milk and Human Breast Milk 

 

Milk proteins have enormous nutritional value for infants and children. These are 

essential components of food for humans and furnish essential amino acids for 

growth and development of preschool children. Milk protein has higher proportion 

of amino acids in comparison to other proteins. These are easily digested and rap-

idly absorbed by infants (Hambraeus 1982, 1992).  
Casein is principal protein in milk. Other milk proteins are called whey 

proteins. Important whey proteins of milk are α-lactalbumin and β-lactoglobulin. 

In cow milk, casein protein represents around 80% of the total proteins in milk, 

whereas whey proteins outweigh in human milk, and according to Kunz and 

Lonnerdal (1990), these constitute around 60–70% of total milk proteins. Caseins 

and whey proteins are the two main groups of milk protein. Caseins constitute 

(Sindayikengera and Xia 2006) about three fourth of total protein level in cow 

milk. At isoelectric pH of 4.6, casein precipitates, while the whey proteins stay 

soluble in milk. Casein protein is heat stable (Sindayikengera and Xia 2006). 
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According to the author (Pipes 1997), proportion of whey protein is almost half 

the proportion of casein protein in human milk, whereas proportion of whey 

protein is almost one fourth of the proportion of casein protein in cow milk. 

Therefore, it can be concluded that concentration of whey protein in human breast 

milk is twice its concentration in cow milk.  
Whey proteins constitute around one fifth of total milk proteins. Whey proteins 

are also called milk serum proteins. It exists in soluble state in the stomach even at 

low pH value (Walstra and Jenness 1984) and/or its interaction with enzyme 

rennin in the stomach (Barth and Behnke 1997). Nature of former whey proteins is 

called acid whey, and the latter group of whey proteins is called rennet whey 

(Morr 1989). According to Mulvihill (1992), whey proteins have globular shape 

and remain sol-uble in milk over a wide range of pH values.  
Casein undergoes curding in the stomach of infants to form calcium paracasein-ate. 

Its proteolysis in infants is difficult. It forms a thick layer in the stomach which is not 

easily digestible (Anderson et al. 1985). According to Mahe et al. (1966), delayed 

digestion of precipitated casein, in turn, is responsible for delayed absorp-tion of 

amino acids by intestinal mucosa (Boirie et al. 1997; Fruhbeck 1998).  
According to authors (Mahe et al. 1966), digestibility of whey proteins is 

higher than the casein protein. Digestion of whey proteins in GIT is rapid in 

comparison to casein. Since casein concentration in cow milk is higher than 

human milk, it is con-verted into a large amount of insoluble coagulum in lumen 

of small intestine. Its degradation by enzyme, pepsin takes comparatively longer 

time. Overall, absorp-tion of cow milk is delayed (Anderson et al. 1985; Boirie et 

al. 1997; Fruhbeck 1998; Walstra and Jenness 1984; Barth and Behnke 1997).  
Considering the nutritional value, whey proteins have higher nutritional value in 

comparison to casein protein. Whey proteins have better amino acid profile than casein 

(Sindayikengera and Xia 2006). Quality of protein, digestibility and absorp-tion are 

determined by the amino acid composition of proteins. Moreover, absorp-tion decides 

the bioavailability of amino acids in the body (Sindayikengera and Xia 2006). 

According to authors (Boirie et al. 1997), absorptive capability of small intestine is 

dependent on the nature of protein ingested. Absorption of amino acids affects the 

biosynthesis and biodegradation of proteins in postprandial sate. Authors (Boirie et al. 

1997) conducted a study by the use of whey protein and casein protein and labelled 

them with leucine. These proteins were given to the adult participants under 

investigation. Authors observed that protein synthesis in postprandial state was 68% in 

case of whey protein, whereas it was 31% in casein protein.  
Taurine is sulphur-containing nonessential amino acid in human‘s body. It is 

present in adequate amount in breast milk and almost negligible amount in cow 

milk (Atkinson and Lonnerdal 1989). Renal tubules are not fully developed in 

infants. Therefore, reabsorption of taurine by renal tubules is inadequate. It is 

advis-able to provide preterm infants a diet rich in taurine. Adequate serum taurine 

level is necessary for biosynthesis of bile salts in the liver (Chesney et al. 1998a, 

b; Whatkin et al. 1983).  
Inadequate concentration of taurine in plasma might be a reason for decreased 

secretion of bile salts by the liver. Bile salts are immensely helpful in the 
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emulsification- and absorption of dietary lipids in the small intestine (Howard and 
Thompson 1992; Spencer et al. 2005).  

Lipids are important source of calories and fulfil almost half of the total energy 

needs per day. Also, lipids are the essential constituent of cow milk, whereas 

human breast milk has linoleic acid and other polyunsaturated fatty acids in 

abundance in comparison to cow milk. Linoleic acid is necessary for daily calorie 

needs of infants (AAP 1992).  
Iron quantity in human milk and cow milk is low and is in the range between 

0.3 and 1 mg/L, as per authors (Leung and Chan 2001). However, availability of 

iron in breast milk is comparatively higher than cow milk, and iron is easily 

absorbed from human breast milk. High phosphate content in cow milk is 

responsible for hypocal-caemic tetany in newborn infants. So it is reasonable to 

start cow milk after infant attains 1 year of age (Pipes 1997).  
Infants who are provided cow milk early in life are vulnerable to high renal sol-

ute load. These infants are given proteins and minerals in amount which is higher 

than the physiological demand of infants. Excess of mineral are excreted in urine. 

So the urine of infants who are fed on whole cow milk contains higher amount of 

solutes in comparison to infants who are fed on breast milk or formulas (Ziegler 

1990). High renal solute load raises the urinary osmolality which is almost double 

than is observed in infants on breast-feeding (Fuchs et al. 1992).  
However, evidence is lacking to prove harmful effect of increased renal solute 

load in infants. So it is safer to feed the infants with human milk in comparison to 

cow milk. Further with the early and constant use of cow milk, infants are under 

threat from dehydration due to raised urinary osmolarity. This condition 

aggravates in case of vomiting and diarrhoea (Ziegler 1990). 
 
 
 

13.2 Intake of Cow Milk and Anemia 

 

Infants who have allergy to proteins in cow milk should not be provided cow milk. 

These preparations contain intact cow milk proteins (AAP 1992). Infants who are 

exposed to cow milk develop allergy to milk proteins. According to studies by 

Jakobsson et al. (1985) and Panganelli et al. (1986), antigens of cow milk have 

been found in human milk.  
Trace amount of cow milk protein may provoke allergic response in susceptible 

infants. Atopic dermatitis is a common manifestation due to cow milk protein allergy. 

Authors investigated this hypothesis. It was found that prevalence of atopic dermatitis 

was lower in infants whose mothers consumed diet free from cow milk protein 

(Paganelli et al. 1986). Contrarily, authors (Host et al. 1988; Hattevig et al. 1989; Lija 

et al. 1989; Sigurs et al. 1992) asserted that dietary restriction from cow milk protein 

yielded no significant effect as related to atopic dermatitis. However, it is uncertain to 

the use of cow milk in infancy with history of atopic dermatitis.  
Infants feeding on cow milk early in life are predisposed to iron deficiency and 

depletion of zinc in infant‘s body (Ziegler 2007). Infants have high demand for iron 
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due to rapid growth. Infants who are fed on cow milk have natural tendency to 

iron deficiency owing to low iron amount in cow milk (Ziegler 2011). Hence, 

rapid growth, raised demand for iron and concomitant administration of cow milk 

would, definitely, lead to iron deficiency anemia in infants. It is true in age group 

of 6–24 months (Hermoso et al. 2011). These infants are vulnerable to impeded 

growth and development (Szajewska et al. 2010).  
Several authors have proved that children in age group between 6 months and 

24 months have higher predisposition towards anemia (Osorio et al. 2001; WHO 

1998). Premature weaning, cow milk and early feeding on cereals are a few factors 

for anemia in infants (Sadowitz and Oski 1983; Tunnessen and Oski 1987; Pizarro 

et al. 1991; Kazal 2002).  
Human breast milk constitutes significant nutrition to infants and children up to 

24 months of life. Exclusive breast-feeding (WHO 1998) during 6 months of life 

can adequately fulfil iron demands of term infants. Afterwards, breast-feeding is 

supplemented (WHO 1998) with foods that are rich in micronutrients. It has been 

proved that consumption of cow milk, consistently, presents as a risk factor for 

ane-mia in children (Hadler et al. 2004; Male et al. 2001).  
It was assessed by authors (Hadler et al. 2004) among children in age group 

between 6 months and 12 months that feeding on cow milk resulted into anemia in 

the city of Goiânia. Consumption of milk fortified with iron helps to reduce the 

pos-sibility of iron deficiency anemia among infants and children.  
Authors (Male et al. 2001) demonstrated the premature start of cow milk as a 

reason for anemia in children. Cow milk is also responsible for its interference in 

absorption of dietary iron lumen of the small intestine (Woodruff et al. 1972; 

Hurrel et al. 1989; Hallberg et al. 1992a, b).  
Whole cow milk is low in iron content. Its use in early infancy predisposes to 

iron deficiency anemia (Dallman et al. 1980). Bioavailability of iron in human 

breast milk is very high. It is due to the presence of lactoferrin in milk, and it 

increases the transport of iron from milk to enterocytes. Also, low calcium and 

phosphorus in milk enhance iron bioavailability. Contrarily, milk proteins in cow 

milk act as strong inhibitors of iron absorption. Therefore, iron absorption from 

human breast milk is high (50%) in comparison to very low (10%) of iron absorp-

tion from whole cow milk (Oski 1993).  
In infants, start of cow milk during 12 months of life is a potential risk factor 

for iron deficiency and iron deficiency anemia (Sadowitz and Oski 1983; 

Tunnessen and Oski 1987; Pizarro et al. 1991). According to a study by Penrod et 

al. (1990), it has been proved that cow milk as a food to infants resulted in higher 

incidence of iron deficiency by the age of 1 year. Comparatively, infant formula-

feeding at 6 months of age had lesser chances of iron deficiency in 1 year of age 

(Dallman et al. 1980).  
It is advisable to keep away from cow milk in early 12 months of life to prevent 

iron deficiency anemia (Louis and Kazal 2002). Further, infant diets as breast milk, 

cow milk, vegetables and fruits are all low in iron. It is advisable to fortify staple foods 

that are used for infant feeding. Cow milk is implicated for iron deficiency anemia. It 

might be due to different mechanisms which might act and operate 
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-synergistically. Low content of iron in milk of cow, high content of mineral 

calcium and phosphoprotein, casein in cow milk which hinder absorption of iron 

by infants and low level of ascorbic acid in cow milk which favours iron 

absorption collec-tively operate to lower the absorption of iron and reduce the 

bioavailability of iron in the body of infants who are fed on cow milk (Ziegler 

2007, 2011). It has been advocated that bioavailability of iron in cow milk is low. 

According to Ziegler (2007, 2011), iron level in human milk is also low; however, 

its bioavailability in breast milk is excellent. It is posited by authors that 

bioavailability of iron in human versus cow milk is 50% versus 10%. Additionally, 

intestinal blood loss has been observed in 40% of infants who feed on cow milk. 

The author (Ziegler 2007) asserted that casein in comparison to whey protein is not 

easily absorbed by the small intestinal mucosa in infants. It might result into 

haemorrhage in mucosa. This condition, additionally, is responsible for depletion 

of iron store in infants. Iron store during first 2 years of age is related to iron status 

at 6 years of age (Gunnarsson et al. 2005).  
It can be well inferred that the period of higher probability of iron deficiency 

during childhood is the same as the period of active growth development and brain 

development and it is the age between 6 months and 2 years of age. Therefore, 

iron deficiency in this period is critical to the normal growth and development of 

chil-dren (Hermoso et al. 2011).  
A new study was conducted related to the fortification of cow milk. Authors 

(Sazawal et al.2010; Rolland-Cachera et al. 1999) conducted a double-blinded, 

ran-domized clinical trial over children in age between 1 year and 4 years to assess 

the effect of fortified cow milk. The trial continued for 1 year. It was observed by 

authors that children who received iron- and zinc-fortified cow milk had around 

88% of lower probability to develop iron deficiency.  
It is hypothecated that early start of whole cow milk in infancy might be the 

reason for occult blood loss from the GIT. Authors (Ziegler et al. 1990) conducted 

a case–control study to find out the effect of whole cow milk on the health of 

small intestinal mucosa. Authors randomly allocated whole cow milk and infant 

formulas to infants at 6 months of age. It was observed by Ziegler et al. (1990) 

that occult blood loss was higher in infants who were fed on whole cow milk in 

comparison to infants who were fed on formula. Authors (Ziegler et al. 1990) 

concluded that although infants lose significant amount of blood in stools, 

however, consumption of whole cow milk aggravates the occult blood loss.  
Bovine serum albumin is present in cow milk. It is responsible for immunogenic-ity 

in genetically predisposed children and enteric blood loss. It is a heat labile protein. 

Authors (Wilson et al. 1974) proved that by the use of heat-processed cow milk 

formula, enteric blood loss is limited. Heat processing of milk denatures the bovine 

albumin. Whole cow milk is tolerated by the infants later in life. Age predi-lection is 

common in the use of whole cow milk and appearance of occult blood. This feature of 

whole cow milk when started early in infancy reduces the iron store of the body and 

becomes another cause for iron deficiency anemia.  
Several studies confirmed that addition of whole cow milk to the diet of infants 

who were previously fed on breast milk would lead to occult blood loss. It has been 
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estimated that occult bleeding constitutes around 3 ml of blood loss per day and 

0.9 mg of iron loss per day (De Angelis and Ctenas 1993). This drawback of 

whole cow milk appears early in infancy and definitely disappear during later 

period of infancy (Ziegler et al. 1990, 1999; Fomon et al. 1990; Jiang et al. 2000; 

Oliveira and Osoro 2005).  
The amino acids taurine and cystine are present in much higher concentrations 

in human milk than in whole cow milk. These amino acids may be essential for 

prema-ture infants (Sturman and Chesney 1995; Rassin et al. 1978). 
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Chapter 14  

Interventional Strategies for 

Prevention of Nutritional Anemia 
 
 
 
 

 

Abstract Iron supplementations are the iron formulations in the form of tablets, 

syrups, capsules or injections recommended by physicians to prevent and/or treat 

iron deficiency anemia. It is the effective technique to combat iron deficiency ane-

mia among vulnerable population in developing countries. Iron and folic acid 

(IFA) supplementation has been advocated as a measure to resolve the nutritional 

defi-ciency in the target population at a national level. Food fortification is the 

food enrichment method with the micronutrients. It might help improve the 

micronutri-ent status of the target population provided the fortified foods should 

be easily accessible and affordable and must be available at the local distribution 

network. Dietary pattern and selection of foods from the food groups should be so 

as to bal-ance the presence of iron absorption inhibitors and enhancers. 

Albendazole, an anti-helminthic drug, is suggested for deworming of children. 

Infants up to 6 months of age should be fed on breast milk. It provides immunity 

to the child and reduces the prevalence of diarrhoeal episodes. Hand washing, 

defecation in latrines and safe and proper disposal of human excreta are other 

good practices that help prevent and/ or minimize diarrhoeal episodes in children. 
 
 
 

14.1 Iron Supplementation 

 

Iron supplementations are the iron formulations in the form of tablets, syrups, cap-

sules or injections recommended by physicians to prevent and/or treat iron defi-

ciency anemia. It is the effective technique to combat iron deficiency anemia 

among vulnerable population in developing countries. It is recommended to 

compensate the dietary inadequacy among poor population and/or the 

physiological conditions like infancy, preschool children and pregnancy, where 

the requirement for iron is high due to raised metabolic activities in the body. 

Failure to provide iron supple-ments during these physiological conditions would 

result into iron deficiency in the body (Stoltzfus and Dreyfuss 1998).  
Iron supplementation is focused over to prevent as well as manage iron defi-

ciency anemia in children and women. Target groups for iron supplementation 

should be infants, preschool children, school children, pregnant women and 

adoles-cent girls. Iron supplementation can be categorized into prophylactic as 

well as therapeutic iron supplementation (Viteri 1995). 
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The former method helps to complement iron in the target groups and corrects iron 

deficiency in the body of the individuals. This method prevents the occurrence of iron 

deficiency anemia in children and women. The latter method of iron supple-mentation 

is beneficial to treat iron deficiency anemia in children and women. Prophylactic iron 

supplementation should be practised at a large scale through the involvement of NGOs, 

medicals and paramedicals, school teachers and health workers so as to reach the 

potential target groups in the society (WHO 2001).  
According to (MoHFW, GoI 2013), iron and folic acid (IFA) supplementation 

has been advocated as a measure to resolve the nutritional deficiency in the target 

population at a national level. For children in age group between 0 and 5 years, 20 

mg elemental iron and 100 microgram (mcg) folic acid per ml of liquid formula-

tion and age-appropriate deworming for 100 days were recommended by MoHF.  
However, reports of NFHS-2 and 3 indicated a rise in the nutritional anemia in 

children in India. Probably, compliance to IFA supplementation was not appropri-

ate. There might be hindrances in the execution of IFA supplementation at various 

levels. Therefore, the population having high potential to nutritional anemia 

lacked the benefits.  
Later on, the Ministry of Health and Family Welfare developed the National Iron   
Initiative. The programme is focused over IFA supplementation for children 

between age group of 6 and 60 months along with pregnant and lactating women. 

For children, MoHFW, GoI (2013) recommends iron supplementation twice a 

week in age group between 6 months and 5 years.  
Children will be administered 1 ml of IFA syrup which contains 20 mg of ele-

mental iron and 100 μg of folic acid (MoHFW, GoI 2013) by the accredited social 

health activists (ASHA).  
Further, for children in age between 5 and 10 years, MoHFW, GoI (2013) 

recom-mends 45 mg elemental iron along with 400 μg of folic acid in tablet 

formulation to be administered by teachers and anganwadi workers to school 

children and out-of-- school children once a week.  
According to Stoltzfus and Dreyfuss (1998), IFA supplementations are based 

on the prevalence of anemia. Authors suggested 12.5 mg iron along with 50 μg of 

folic acid should be administered once a day to normal-weight children in age 

group between 6 and 24 months in area where the prevalence of anemia is less 

than 40%. IFA supplementation should be started at the age of 6 months and be 

continued till the age of 12 months. However, for the low birth weight children, 

IFA supplementa-tion should be started at an earlier age (2 months) in comparison 

to normal-weight children (6 months). Furthermore, in population with anemia 

prevalence more than 40%, as per Stoltzfus and Dreyfuss (1998), IFA ought to be 

started at the age of 6 months and be continued to 24 months for normal children, 

and it should be started at an age of 2 months in case of low birth weight children. 

Iron supplementa-tion for children between 2 and 5 years, as suggested by 

Stoltzfus and Dreyfuss (1998) is 2 mg per kg of body weight per day. 
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14.2 Food Fortification 

 

Food fortification is the food enrichment method with the micronutrients. It might 

help improve the micronutrient status of the target population provided the 

fortified foods should be easily accessible and affordable and must be available at 

the local distribution network that may cater to the needs of people in the remote 

areas in any country. Food enrichment, hence, is a long-term procedure to prevent 

the deficiency of micronutrients in children. A variety of fortified foods are 

available like rice, wheat flour and table salt which have been enriched with iron 

compounds. In India, fortified table salt with iodine and iron is available. 
 
 
 

14.3 Dietary Diversification 

 

It is aimed at the use of foods rich in iron and/or the iron absorption enhancers which 

were underutilized earlier by the micronutrient deficiency-prone population. 

Availability of iron in the plant-based foods is low; therefore, foods from animal 

sources like, eggs, fish, etc., must be added in the daily dietary regimen to improve the 

absorption of dietary iron. Further enhancers like ascorbic acid, present in citrus fruits, 

should be consumed along with the staple diet. Dietary pattern and selection of foods 

from the food groups should be so as to balance the presence of iron absorp-tion 

inhibitors and enhancers (MoHFW, GoI 2013). Addition of pulses, jaggery, sprouting 

seeds, meats, fish and citrus fruits, definitely, improves the dietary pattern in daily life 

to ward off the deficiency of micronutrients in children. However, cost, awareness and 

motivation are the guiding principles as far as the poor population is concerned in the 

initiate in food diversification. This segment of the society is highly vulnerable to 

dietary deficiency of micronutrients and deficiency of three principles; consequently, 

the path towards food diversification is obstructed. 

 
 
 

14.4 Traditional Foods Rich in Iron 

 

\1.\ Chickpea (chana saag)  
2. Spinach (palak)  
\3.\ Amaranth (kantewali chaulai ka saag)  
4\.\ Onion stalks (pyaz ki kali)  
5\.\ Mustard leaves (sarson ka saag)  
6. Fenugreek leaves  
7\.\ Bengal Gram (whole kala chana)  
8. Jaggery 
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14.5 Prevention and Management of  
Diarrhoea and Helminthic Infection 

 

14.5.1 
 

Prevention of Diarrhoea in Children 

 

Diarrhoea in children is manageable and preventable with the adoption of healthy 

and hygienic habits in daily life. According to WHO (2005), infants up to 6 months 

of age should be fed on breast milk. It provides immunity to the child and reduces 

the prevalence of diarrhoeal episodes. Further, after the age of 6 months, WHO 

(2005) recommends the use of complementary foods, and the choice of the foods is 

based on the dietary habits customary to the place of living. Complementary foods 

supplement the breast milk to fulfil the energy demand of growing children. Water 

is decidedly essential for the human consumption, cooking and other purposes and 

is the nectar of human life. Safe and quality drinking water protects the children 

from faecal–oral infections. Water should be collected from safe source and should 

be stored in the container with lid (WHO 2005). Hand washing, defecation in 

latrines and safe and proper disposal of human excreta are other good practices that 

help prevent and/or minimize diarrhoeal episodes in children.  
Although diarrhoea is a fatal disease, it is preventable. It is a global health 

prob-lem with comparatively high mortality and morbidity in developing countries 

than developed countries. Diarrhoea kills millions of children in developing 

countries each year. According to CDC (1992), Bern et al. (1992) and Claeson and 

Merson (1990), diarrhoea had been the major cause of child mortality in the 

United States around a century back, where a child would have suffered around 7–  
15 episodes (CDC 1992; Bern et al. 1992; Claeson and Merson 1990) of diarrhoea 

annually till the age of 5 years. Further, asserted by CDC (1992), Bern et al. 

(1992) and Claeson and Merson (1990), 9% prevalence of diarrhoea is noticed in 

hospitalized children, and around 300–500 children (CDC 1992; Bern et al. 1992; 

Claeson and Merson 1990) die due to diarrhoea in the United States.  
Diarrhoea is highly fatal in population in developing countries and is 

responsible for the death of children under 5. According to an estimate by Rohde 

and Northrup (2008), child mortality was five million due to diarrhoea. In another 

estimate by Synder and Merson (1982), children below 5 suffered around 2.2 

episodes of diar-rhoea annually amounting to 4.6 million deaths. Later on, Bern et 

al. (1992) sup-ported earlier estimate by documenting 2.6 episodes of diarrhoea 

per child annually with mortality of 3.3 million per year. Kosek et al. (2003) 

upheld that diarrhoea is responsible for 21% of the total deaths of children under 5 

and is the leading cause of 2.5 million deaths per year. Further estimate by Murray 

et al. (2001) in 2000 asserted a decline in diarrhoeal mortality to 1.4 million per 

year. Further study by Boschi-Pinto et al. (2008) estimated 17.5–21% of all deaths 

caused by diarrhoea in children below the age of 5 amounting to 1.5 million 

mortality per annum. African countries and Southeast Asian regions have higher 

predisposition to diarrhoeal mor-tality in children. 
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According to Claeson and Merson (1990), Glass et al. (1991), Ho et al. (1988) 

and Gangarosa et al. (1985), in the United States, around 325–425 deaths occur 

due to diarrhoea, and about 85% of total diarrhoea-related mortality is observed 

during infancy.  
Today, causes of diarrhoea in children are well established. Rotavirus is the 

com-monest pathogenic agent for acute diarrhoea in infancy (Cohen 1991). 

Norwalk-like viruses, astrovirus, adenovirus and calicivirus are equally 

responsible for childhood diarrhoea. Bacteria like Salmonella, Shigella, 

Campylobacter, Yersinia and Escherichia coli along with protozoans such as 

Giardia, Cryptosporidium and Entamoeba histolytica have pathogenic potential.  
Diarrhoea is associated with dehydration, and proper management of acute 

diar-rhoea is necessary to save the life of children. Oral rehydration therapy for 

rehydra-tion is the universally accepted diarrhoea management programme (Pierce 

and Hirschhorn 1977). Adequate nutrition is supplementary to ORT for diarrhoea 

treat-ment. However, the use of antidiarrhoeal drugs and antibiotics depends on 

the cause and severity of diarrhoea. Additionally, intravenous therapy is the choice 

for cases having severe dehydration (CDC 1992).  
Oral rehydrate solution can be used for diarrhoea management irrespective of 

cause, age and gender of patients. According to Hirschhorn (1980), the World Health 

Organization and United Nations International Children‘s Emergency Fund decided to 

introduce single ORS containing sodium 90 mmol/L, potassium 20 mmol/L, chloride 

80 mmol/L, base 30 mmol/L and glucose 111 mmol/L. This solution was 

recommended with an idea that a single solution among populations in different 

countries would be adopted easily instead of multiple solutions. A study by Hirschhorn 

(1980) actually proved the efficacy of single solution ORS in managing acute 

diarrhoea of different aetiology. Later on, Rotavirus as another cause of acute 

diarrhoea was highlighted. It is associated with glucose malabsorption. So, the use of 

ORS was disputable (CDC 1992). However, a study by Molla et al. (1981), Sack et al. 

(1982) and Pizarro et al. (1983) proved the usefulness of ORS in acute diar-rhoea 

caused by Rotavirus. Thereafter, a WHO Global Diarrhoeal Diseases Control 

Programme was formulated with emphasis on the immediate use of ORS in acute 

diarrhoea. It has been asserted that episodes of diarrhoea and pneumonia are higher in 

infants and children either suffering from HIV infection or exposed to it. According to 

Thea and Qazi (2008), Amadi (2001) and Chokephaibulkit (2001), diarrhoea is 

rampant in HIV-infected children than uninfected children.  
According to WHO (2010), diarrhoea in HIV-infected and/or HIV-exposed 

chil-dren can be managed as: 
 
Prevention of Diarrhoea 
 
Recommendation 1 
 

Supplements of vitamin A are advised for all HIV-infected and HIV-exposed 

infants and children in age between 6 months and 5 years in dose of 100,000 

IU for children between 6 and 12 months and 200,000 IU for children aged 

>12 months to be given every 6 months (WHO 2010). 
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Strong recommendation: low-quality evidence 

Treatment of diarrhoea (WHO 2010) 
 
Recommendation 2 (WHO 2010) 
 

Low-osmolarity oral rehydration solution is advised for the treatment of dehy-

dration or IV fluid for severe dehydration in HIV-infected and HIV-exposed 

infants and children with diarrhoea (WHO 2010).  
Strong recommendation: high-quality evidence (WHO 2010) 

 
Recommendation 3 (WHO 2010) 
 

Elemental zinc supplements in a dose of 10 mg per day for infants <6 months 

and 20 mg per day for children >6 months of age for 10–14 days are advised 

to all HIV-infected and HIV-exposed children with diarrhoea (WHO 2010).  
Strong recommendation: high-quality evidence (WHO 2010). 

 
Recommendation 4 (WHO 2010) 
 

Ciprofloxacin at a dose of 15 mg/kg is advised for 3 days treating bloody diar-rhoea 

in all HIV-infected and HIV-exposed infants and children (WHO 2010).  
Strong recommendation: moderate-quality evidence (WHO 

 
2010). Recommendation 5 
 

Multiple micronutrient supplements per day for 2 weeks are advised to all HIV-  
- infected and HIV-exposed infants and children with persistent diarrhoea 

(WHO 2010). 
 

Further, the above recommendations by WHO (2010) group for management of 

pneumonia and diarrhoea in HIV-infected infants and children almost resemble as 

those for management in uninfected children.  
However, use of ORS for acute diarrhoea management is limited to 30–40% of 

children worldwide (Forsberg et al. 2007; Ram 2008). 
 
 
 

14.5.2 Prevention of Helminthic Infection 

 

Deworming of children is essential. Helminthic infections impair the normal func-

tioning of GIT and are responsible for malnutrition, malabsorption syndrome, ane-mia 

of infection and other ailments in children. According to MoHFW, GoI (2013), 

Albonico et al. (2006) and WHO (2004), albendazole, an antihelminthic drug, is 

suggested for deworming of children in a dose of 200 mg for children in age group of 

1–2 years, while for children above 2 years of age, it is advocated in a dose of 400 mg. 

It is also available in syrup form, wherein a dose of 10 ml contains 400 mg 

albendazole. Otherwise, the tablet should be crushed and dissolved in water and should 

be administered to children. Deworming should be practised (MoHFW, GoI 2013) 

twice a year. According to Albonica et al. (2002), pyrantel pamoate in a single 
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dose of 250 mg guided by 10 mg/kg criteria is an effective antihelminthic drug. 

The author asserted that a combination of pyrantel-oxantel is better in its efficacy 

in treating trichiura infection in comparison to single dose of pyrantel. According 

to Albonico et al. (2003), antihelminthic drug like levamisole in a single dose of 

80 mg by weight as per criteria 2.5 mg/kg is effective in primary school children.  
Deworming in a large population is an economically feasible antihelminthic 

regimen (Warren et al. 1993). Another population-based approach is the 

deworming at the level of schools. This programme covers even those children 

who have not been treated earlier. These drug regimens, together, help to eradicate 

helminthic infection from the community (Bundy et al. 1990; Chan et al. 1992; 

Kabatereine et al. 2006; Narain et al. 2004; Stephenson et al. 2000).  
Large-scale environmental sanitation programmes are complex, making inter-

ventions directly aimed at the transmission of STHs challenging to implement 

(Barreto et al. 2007; Barreto et al. 2010; Mascarini-Serra et al. 2010; Moraes et al. 

2003). These interventions directly affect the transmission of several diseases in 

both the public and private domains (Cairncross et al. 1996).  
Poor masses living in isolated areas and seclusion invariably need health educa-

tion and periodic motivation to create awareness regarding hygiene, sanitation and 

medical facilities. Health education may improve health-oriented behaviour in the 

population (Bull et al. 2001; Walsh et al. 1993).  
Contrarily, the author (O‘Cathain et al. 2002) suggested that attempts to 

provide health education to poor people through various methods might not help 

improve the behaviour of the affected population.  
However, suggested solutions to prevent soil-transmitted infection, diarrhoea 

and malnutrition might not be adopted by poor population surviving in utmost 

pau-city which makes it difficult to satisfy the basic needs. Therefore, construction 

of latrines, management quality food and drinking water and purchase of drugs 

become highly unapproachable for poor people. So health education and 

motivation alone are no guarantee for prevention of diarrhoea and helminthic 

infection in children in poor settings. Printed materials depicting health education 

steps are disseminated to awaken the population in villages, remote settings and 

slum areas. These methods help to change harmful rituals, change mind-set and 

adopt healthy lifestyle mea-sures (Mascarini-Serra 2011; Bull et al. 2001; Walsh 

et al. 1993; Kreuter et al. 2000, Kreuter and Wray 2003).  
Helminthic infection is primarily soil-transmitted infection. Human excreta con-

taminate food and drinking water. Transmission occurs either in hand-to-mouth mode 

or by ingestion of contaminated food and drinking water (indirectly). Sanitation and 

hygiene are the exclusive methods to prevent from soil-transmitted infection (Albonico 

et al. 2006; Steimann et al. 2015). Proper disposal of human excreta and domestic 

waste and adoption of personal hygiene practice have sooth-ing effect on the faecal-

born infections (Hong et al. 2006; Hotez et al. 2008). Sanitation reduces the prevalence 

of soil-transmitted infection and episodes of diar-rhoea in children. The hypothesis 

holds true in studies conducted in Sri Lanka, urban slums of Bangladesh and Salvador, 

Brazil (Henry 1988; Sorensen et al. 1994; Henry et al. 1993; Morases et al. 2004). 

Proper sewerage and drainage in a city 
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definitely- ameliorates the incidence of helminth infections in children by 

reducing the rate of transmission (Ziegelbauer et al. 2012; Fernando and 

Balasuriya 1976; Soeripto 1991; Moraes and Cairncross 2004; Moraes et al. 2003; 

Korkes et al. 2009).  
In 1997, in the city of Salvador in Northeast Brazil, a large sanitation 

programme was started. The intervention work was aimed at extending the 

sewerage facility to households from an earlier 26% to present 80%. Authors 

(Mascarini-Serra 2010) studied the effect of the programme on the incidence and 

prevalence of helminthic infection in school children. Authors confirmed the 

beneficial effect of this city-- wide sanitation programme. Significant reduction in 

incidence of Ascaris, Trichuris and hookworm infection was observed by authors.  
An extensive meta-analysis was performed by authors (Fewtrell et al. 2005). 

The study was aimed at finding out the effect of improved water quality, proper 

sanita-tion and adequate hygiene in combating the diarrhoeal frequency and 

helminth infection. Authors observed that all of the above stated methods were 

beneficial in reducing the prevalence of diarrhoeal episodes. However, quality of 

water had the largest impact on prevalence of diarrhoea. 
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Today, malnutrition in children is the key issue of the world. Children below the 
age of five years constitute about 13% of the population in india. This health 
problem has high occurrence in the children in developing countries. The study 
was executed in city Fazilka, in Punjab, encompassed total 440 children, 
selected through random, multistage sampling technique. Study displayed 
overall prevalence of (13%) ‘wasting’ in children under age of five years, along 
with differential prevalence of 11% (27/240), 15% (20/127), 15% (11/73) 
‘wasting’ in children in Schools, Anganwadi and Slum areas correspondingly. 

 
Keywords: Malnutrition, Wasting. 

 
 

 

1. INTRODUCTION 

 

Malnutrition is a clinical condition that stem from either inadequate or surplus nutrients in 

the diet. The WHO has declared Malnutrition as the major threat to world‟s public health. 
The frequency of under nutrition children below the five year age group is increasing, 
especially in developing countries. It is the most prevalent predisposing factor for 

mortality and morbidity in children under five years of age [1]. 
 

Wasting is acute malnutrition unlike stunting and under weight. It denotes either low 

calorie intake or the loss of nutrients from the body. Wasting is due to shortage of food 

supply, chronic diseases as tuberculosis, diarrhea or AIDS [2]. 
 

According to World Bank Report, India is one of the highest ranking countries in world, 
having maximum number of malnourished children. Under-nutrition is the highest risk 
factor for mortality and morbidity among children under five years of age. Global hunger  

index 2011, ranked india as the 15
th

 hunger effected country in the world. In india, 
Global Hunger Index increased from 22.9% to 23.7% during the period 1996-2011. 

 

Malnourished children have low immunity and high susceptibility to diseases like 

tuberculosis, childhood diarrhoea, respiratory infections and bacterial/viral infections. 
Hence, the rate of mortality rises in children. Further, the malnourished children that 
survive would suffer from frequent illness. This vicious cycle of inadequate food intake 

and/or diseases, impair the normal growth and development of children [3].  
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2. RATIONALE 

 

Prevalence of malnutrition deprives the society of smiling, healthy, intelligent and active 

children. It costs heavily on the physical capabilities, mental and intellectual functioning 

of the children during the periods of growth and development. 
 

The study was designed to assess regional prevalence of wasting in Fazilka in Punjab, 

although data is already available on prevalence of wasting at national and international 

levels. 
 

3. AIM AND OBJECTIVES 

 

The study aimed to assess the prevalence of wasting in children under the age of five 

years in Fazilka in Punjab. 
 

The study has objectives 

 

D To determine the prevalence of wasting in children under five years of age in 

different strata. 
 

E To assess the variation in prevalence of wasting in children under five years of age 

in different strata. 
 

MATERIALS & METHODS  
 

1. Research Design  
 

Observational, Descriptive and Cross-sectional research study was committed. Study 

involved under listed elements. 
 

4.2. Sampling Design 

 
4.2.1. Study Area 

 

Study was carried in the city of Fazilka, Punjab. It is a city on Indo-Pak border in Punjab. 

As per census report of 2001, Fazilka has a population of 67,424, comprising 52% males 

and 48% females. In Fazilka, 13% of the population is under 6 years of age. 
 

4.2.2. Sample Source and Sampling Units 

 

Children below the age of five years, residing in and around Fazilka, Punjab, according 

to the inclusion and exclusion criteria, constituted the sample source and sampling units. 
 

4.3. Participant Selection Criteria 

 
4.3.1. Inclusion Criteria 

 

1. Children between 2 years to below the age of five years.  
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2. All the children who were physically and mentally healthy. 
 

4.3.2. Exclusion Criteria 
 

Children who were critically ill. 
 

The children who were crying and agitated, did not participate in 

anthropometric measurements procedure. 
 

4.4. Sampling Methods 

 

Random, Multistage sampling technique was adopted. In the first stage, the city was 

divided into three strata as: Elementary schools, Anganwadi (child care centres), Slum 

areas. 
 

In the second stage, Schools, Anganwadi and Slum areas were selected randomly from 

the sample frame. 
 

In the third stage, all the children between two years to below five years of age were 

selected as per the selection criteria. 
 

4.5. Data Collection Instruments 

 

 Observation and interview schedules were availed for demographic and 

anthropometric data points. 
 

Pre-stuctured proforma used for data collection pertaining to clinical signs 

and symptoms. 
 

4.6. Data Collection Methods 
 

Observation: This method was used to assess general behavior of children. 
 

Inspection and Palpation: This method was used to examine clinical signs 

and symptoms of the children. 
 

Interview: This method was adopted to collect data about dietary indices and 
additional information on physical symptoms of children from parents, teachers and care 

takers. 
 

Anthropometric parameters of weight and height were recorded by measuring with 

digital weight measuring scale and two meters tape for weight and height respectively. 
 
 

4.7. Data Collection Scales 

 

Data expressed in numerical values and percentage scales. 
 

4.8. Statistical Design 

 

The weight and height of the participants were expressed in Z- score classification, 

as recommended by WHO child growth standard, 2007.   
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The cut point of (-2SD), was used to compare the weight and height of participants 

with that of median of reference population, as follows:   
A. (WHZ), weight/height of participant below -2SD (moderate low wasting) 

 
B. (WHZ), weight/height of participant below -3SD (severe low wasting) 

 

Wasting as defined by WHO child growth standard, 2007 [4]. 
 

5. RESULTS 

 

Tables 1, 2 showed the overall distribution of study participants in different strata, 
namely Schools, Anganwadi and Slum areas along with gender wise coverage of 

children as males in Schools, Anganwadi and Slum areas were, 59% (143/240), 61% 
(78/127) and 53% (39/73) respectively. The female participants were 41% (97/240), 39% 
(49/127), 47% (34/73).  

 
Table 1. Distribution of participants in strata. 

 

Strata Participants (n/N) 

Schools 240/440 

Anganwadi (child care centre) 127/440 
  

Slum residents 73/440 
  

Table 2. Gender-wise distribution of participants. 
 

 Male  Female  

Strata 
    

Frequency (n%) Frequency (n%)  

     

Schools 143/240 59% 97/240 41% 

Anganwadi (child care centre) 78/127 61% 49/127 39% 
     

Slum residents 39/73 53% 34/73 47% 
     

 
Table 3. Age-wise distribution of participants.  

 

 Schools Anganwadi (child Slum residents 

    care centre)    
Age Group 

        

Frequency 
 

(n%) Frequency 
 

(n%) Frequency (n%)    
         

2Y to 3Y 88/240  37% 42/127  33% 39/73 53% 
         

>3Y to 4Y 80/240  33% 42/127  33% 24/73 33% 

>4Y to <5Y 72/240  30% 43/127  34% 10/73 14% 
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Table 3 showed the age- wise distribution of children as 37%, 33%, 53% in age group 
of (2y-3y) and 33% in age group of ( >3y-4y) and 30%, 34%, 14% in age group of (>4y-

<5y) in the Schools, Anganwadi and Slum areas respectively. 
 

Table 4 showed overall prevalence of (13%) „wasting‟ in the study area, Fazilka. 
Further, Table 4 exhibited individual prevalence of 11% (27/240), 15% (20/127), 15% 
(11/73) „wasting‟ in children under age of five in Schools, Anganwadi and Slum areas 
correspondingly. 

 
Table 4. Prevalence of Wasting in different strata. 

 

Strata Wasting (<-2SD) Normal (≥-2SD) Over all 

     Prevalence 

Schools 11% (27/240) 89% (213/240) 13% (58/440) 
       

Anganwadi (child care centre) 15% (20/127) 85% (107/127)   

Slum residents 15% (11/73) 85% (62/73)   
       

 
6. DISCUSSION 

 

Wasting is the acute under-nutrition. This health disorder in under five children 
manifests as low weight to height (thinness). The present study shows 13% 
prevalence of „wasting‟ in Fazilka, in Punjab. But the prevalence of „wasting‟ in 
india, as per the WHO, Global data base, 2006 is 19.3%. The diminished 
prevalence of „wasting‟ in regional area of Punjab is attributed to regional variations 
in the availability of food items, literacy rate, poverty, access to medical facilities and 
time period of data collection.   
The above stated assumption and explanation of regional variations in malnutrition 

is further, supplemented by the work of J.K. Gulati on child malnutrition [5]. 
 

Almost comparable prevalence of „wasting‟ (13.7%) was found in Kerala by Vipin 
chanderan K.P. in 2009, in his work on nutritional status of preschool children in 
Kerala [6]. The present study depicting prevalence of „wasting‟ (13%) in Punjab is 
supplemented by same data on prevalence of wasting (13.1%) in Delhi in 2013 by 
researcher, Bhadoria et al. [7]. 

 
Further, prevalence of wasting (11%) in children in Schools was found to be less in 
comparison to prevalence of wasting (15%) in children in Anganwadis and Slum 
areas. It is due to better educational and economical status of the parents, 
combined with comparatively good dietary habits. This finding showing different 
rates of prevalence in „wasting‟ is also augmented by study conducted by Dutta, et 
al. in 2009 in Garhwal, Himalya [8].   
Present study has a prevalence of „wasting‟ in Anganwadi (15%), is not better than 

Slum areas (15%). It is probably attributed to similar socio-economic status, literacy 

rate, nutritional status, non-availability or ignorance to medical aids. 
 

The present study depicted (15%) prevalence of „wasting‟ in Slum children. It is 

stated that the prevalence of „wasting‟ in Slum areas as per WHO Global data base  
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is (≥ 15%). So the present study in Punjab, in Fazilka slum areas also depicts 

the similar prevalence of wasting. 
 

There is a wide variation in „wasting‟ prevalence for children under five years of age 

all over the world as mentioned by the work of Bisai et al. in 2008 in Midnapore town 

in West Bengal [9].  
 

7. CONCLUSION 

 

High prevalence of „wasting‟ exists in children. Its occurrence is more in children 
inhabiting slum areas and studying in child care centers (Anganwadi), owing to variable 

socio-economic status, literacy, poverty and medical facilities. It is the utmost need of the 
day to exercise coordinated and cumulative efforts by Govt. agencies and NGO to 
eradicate malnutrition. 
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Abstract 
 
Introduction: Diarrhea is the leading cause of malnutrition in children below the age of five. Materials and Methods: 

Present work consisted of total 440 children, selected by random multi-stage sampling method, based on sample selection 

criteria, executed in city, Fazilka, Punjab. Results and Discussion: The study showed overall prevalence of (5.5%, 

24/440) diarrhea in whole study participants and high prevalence of (41%, 24/58) diarrhea in children, who had acute 

malnutrition (wasting) and it was accompanied by highly significant (p<0.001), association between diarrhea and wasting 

in children. The prevalence of diarrhoea was found to be associated with age (p<0.001), showed high prevalence (12%) in 

lower age group (2y-3y) in comparison to its low prevalence (2.7%) in higher age group (>3y-4y). Males children had 

less prevalence (5.4%) of diarrhea as compared with female children (5.5%), not statistically significant (p=0.5). 

Conclusion: Diarrhea is invariably linked with age and acute malnutrition in children. 

 

Key words: Acute malnutrition, Diarrhoea, Wasting  
……………………………………………………………………………………………………………………………….. 

 

Introduction 
 
Chronic diarrhea is prevalent in developing countries. It 

persists for more than two weeks and is also called 

persistant diarrhea. It is common in children in two to 

three year age group. It results into delayed healing of 

mucosa and decreased absorptive capability of intestine 
 
F According to WHO report, diarrhea is the second 

foremost cause of death in children. Generally, diarrhea 

lasts for one week, but its continuity beyond 14 days, 

has dire consequences on the body of children. It drains 

water and minerals from body, resulting into 

dehydration. Children, who are malnourished and have 

compromised body immunity, are highly vulnerable to 

persistant diarrhea [2]. 
 
Lack of proper sanitization, unsafe drinking water and 

infections are common causative factors for diarrhea in 

developing countries. In chronic diarrhea, the children 

suffer from repeated attacks of watery stools that 

deprive their body of necessary minerals and water 

content. Therefore, diarrhoea is the principal cause of 

malnutrition, and malnourished children are more 

vulnerable to diarrhoea. 

 

The aim of present study was to describe the prevalence of 

diarrhea in children below the age of five years and 
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its association with factors like wasting, age and gender 

in children in city, Fazilka in Punjab. 

 

Materials & Methods 
 
1. Research Design  
Observational, Descriptive and Cross-sectional 

research study was undertaken.  

 

Sampling  
Design Study Area  
Study was conducted in the city of Fazilka, Punjab. It is 

a city on Indo-Pak border in Punjab. As per census 

report of 2001, Fazilka has a population of 67,424, 

comprising 52% males and 48% females. In Fazilka, 

13% of the population is under 6 years of age. 
 
Sample Source and Sampling Units  
Children below the age of five years, residing in and 

around Fazilka, Punjab, according to the inclusion and 

exclusion criteria, constituted the sample source and 

sampling units. 
 
 

Participant Selection 

Criteria Inclusion Criteria   
Children between 2 years to below the age of five 

years. 
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All the children who were physically and 

mentally healthy.  
Exclusion Criteria   

Children who were critically ill.   
The children who were crying and agitated, did not 

cooperate in anthropometric measurement procedure. 

 

4. Sampling Methods  
Random, Multi-stage sampling technique was 

adopted. 
 
In the first stage, the city was divided into three strata 

as: 
 
Elementary schools, Anganwadi (child care centres), 

Slum Areas 

 
information on physical symptoms of children from the 

attendants.   
Anthropometric parameters: The Weight and Height 

were measured by Digital Weight measuring scale and 

two meters Tape. 

 

7. Data Collection Scales:   
Data for the weight and height expressed in 

numerical values (n/N) and percentage (n/N)%.   
Two weeks time interval for diarrheal was considered 

significant. Those having had an episode of diarrhoea, 

two weeks prior to time of interview were labelled as 

(Y), otherwise (N). 

 
In the second stage, schools, anganwadi and slum areas 

were selected randomly from the sample frame. 
 
In the third stage, all the children between two years to 

below five years of age, were selected as per the above 

stated selection criteria. 

 

5. Data Collection Instruments  
Observation schedules and interview schedules were 

employed for demographic and anthropometric 

parameters. 

 

6. Data Collection Methods   
Observation: This method was used to assess 

general behavior of children.   
Interview: This method was adopted to collect data 

about frequency of stool passing and other additional 

 
8. Statistical Design   

Weight and height of the participants were expressed 

in Z- score classification, as recommended by WHO 

child growth standard, 2007. 
  

The cut point of (-2SD), was used to compare the 

weight and height of participants with that of median of 

reference population, as follows: 
 
Wasting as definied by WHO child growth 

standard [3]. 
 
A. (WHZ), weight/height of participant below -

2SD (moderate low wasting) 
 
B. (WHZ), weight/height of participant below -3SD 

(severe low wasting)   
Bivariate analysis of categorical variables was 

done by Fischer‘s Exact Probability test. 
 

p-value of ≤ 0.05 was implied as 

statistically significant. 
 

Results 
 
Table 1: Participants distribution gender-wise and in different strata 
 

Strata Male  Female  Total 

     participants 
      

 Frequency (n %) Frequency (n %) (n/N) 
      

Schools 143/240 59% 97/240 41%  

     240/440 
      

Anganwadi(child 78/127 61% 49/127 39% 127/440 

care centre)      
      

Slum residents 39/73 53% 34/73 47%  

     73/440 
       
Tables 1, showed overall distribution, 240/440, 127/440 and 73/440 of study participants in different strata as in Schools, 

Anganwadi and Slum areas and distribution of study participants as males in schools, anganwadi and slum areas, 59% 

(143/240), 61% (78/127) and 53% (39/73) respectively. The female participants were 41% (97/240), 39% (49/127), 47% 

(34/73). 
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 Table 2: Age-wise distribution of participants     
         

 Age Group Schools  Anganwadi(child care Slum residents   

    centre)     
         

  Frequency (n%) Frequency (n%) Frequency (n%)  

         

 2Y to 3Y 88/240 37% 42/127 33% 39/73 53%  
         

 >3Y to 4Y 80/240 33% 42/127 33% 24/73 33%  
         

 >4Y to <5Y 72/240 30% 43/127 34% 10/73 14%  
         

 

Table 2, showed the age-wise distribution of children in schools as 37%, 33%, 30% and 33%, 33%, 34% in anganwadi 

and 53%, 33%, 14% in slum areas in the age groups of (2y-3y), (>3y-4y), (>4y-<5y) respectively. 

 

Table 3: Prevalence of Wasting and Diarrhoea in children under age of five years 
 

Strata Normal children Wasting in children Diarrhoea in children 

       
 (n/N) (n)% (n/N) (n)% (n/N) (n)% 

       
Schools 213/240 89% 27/240 11% 10/27 37% 

       
Anganwadi 107/127 85% 20/127 15% 6/20 30% 

       
Slum residents 62/73 85% 11/73 15% 8/11 72% 

       

 

Further, analysis of table 3, confirmed prevalence of (41%, 24/58) as a whole and segmental prevalence of (37%), (30%) 

and (72%) diarrhoea in children, accompanied by (11%), (15%) and (15%) of wasting in children. 

 

Table 4: Prevalence of Diarrhoea in different age groups and in male & female children under age of five 

 

Variables  Diarrhoea  Normal children  

       
  (n/N) (n/N)% (n/N)  (n/N)% 

       
 2y-3y 20/169 12% 149/169  88% 

Age       
       

 >3y-4y 4/146 2.7% 142/146  97.3% 

       
Gender Males 14/260 5.4% 246/260  94.6% 

       
 Females 10/180 5.5% 170/180  94.5% 

       

 

Table 4, showed the prevalence of (12%) diarrhea in age group (2y-3y), higher in comparison to prevalence of (2.7%) 

diarrhea in age group (>3y-4y) in children under age of five. Further, it showed the prevalence of diarrhea (5.4%) in male 

and (5.5%) in female children. 

 

Table 5: Showing Fischer’s Exact Probability test between Diarrhea and Wasting in children 

 

 Diarrhoea Non-diarrhoea P value  
        

Wasting 24 34  P< 0.001  
        

Normal 0 382      
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 Table 6: Showing Fischer’s Exact Probability test between Diarrhea and Age of children 

      
  Diarrhoea Non-diarrhoea P value  
      

 2y - 3y 20 149 P= 0.001  
      

 >3y – 4y 4 142   
      

 Table 7: Showing Fischer’s Exact Probability test between Diarrhea and Gender of children 

     
  Diarrhoea Non-diarrhoea P value  
      

 Male 14 246 P= 0.5  
      

 Female 10 170   
      

 

Fischer‘s Exact Probability test was conducted between different categorical parameters. Tables 5, 6, and 7 displayed 

highly significant, (P< 0.001) and (P= 0.001) association between variables (Diarrhoea-Wasting) and (Diarrhoea-

Age). Further, non-significant (P= 0.5) association between (Diarrhoea-Gender) was noticed. 
 

Discussion 
 
Diarrhea is multifactorial disorder and the leading cause of 

death in children in both developed and developing 

countries. In the present study, it is evident that diarrhea 

has high overall prevalence of (41%) in children suffering 

from wasting under age of five years. These findings are 

supported by still higher prevalence of diarrhea (56.6%-

58.6%) in children in a study conducted by Joshi et al, [4] 

in Bahraich district, Uttar Pradesh, India. Although, the 

prevalence of diarrhea differs in both, present and earlier 

studies, Owing to disparity in food availability, socio-

economic status, time of data collection, literacy rate etc. 

However, past study authenticates the presence of high rate 

of occurrence of diarrhea in children with wasting (acute 

malnutrition). Actually, diarrhea and malnutrition both 

interplay viciously and undermine the health of children. 

 

 

Diarrhea is decidedly, associated with wasting (acute 

malnutrition), as indicated by (p<0.001), in present 

study. It is supported by work of Siddique et al, [5]. A 

study in India among hospitalized children also reported 

a high association of diarrhea with severe stunting by 

Sachdev et al., [6]. 

 

Present finding are similar with earlier study by 

Njuguna & Muruka [7], both the studies indicate highly 

significant (p<0.001) association between diarrhea and 

malnutrition. 

 
The under taken study, further, proves that diarrhea is more 

prevalent(12%) in lower age group (2y-3y) in contrast to 

prevalence (2.7%) in the upper age group( >3y- 4y). 

Additionally, the present work proves that diarrhea is very 

much associated with the age group of children (p=0.001). 

These findings in present study are 
 

 

 

substantiated by earlier work of Teklemariam et al, [8] 

in south west Ethiopia and another study by Bhatnagar 

& Dosaih [9], in Delhi slum areas. 
 
Both, present and previous studies, indisputably 

describes the reciprocate relation between prevalence of 

diarrhea and age group of children. 
 
The study at present, describes that prevalence of 

diarrhea is not affected by gender of children and it has 

no significant, (p=0.5) association with gender of 

children. This study is proved by another work by 

Swierczewskia et al, [10] in Kenya. 

 

Conclusion 
 
Diarrhea is a fatal disease, liable for childhood mortality 

and morbidity. It poses great challenge at the hands of 

physicians to treat diarrhea in age group, below five 

years, owing to multiplicity of causes for diarrhea in (0-

5y) age. Acute malnutrition (wasting) is detrimental to 

physical and mental health of children especially in 

tender age of under five years. Wasting is associated 

with diarrhea. Further, age is another factor that is 

covariate with prevalence of diarrhea. A decline in age 

group always increases occurrence of diarrhoea in 

children. 
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EFFECT OF GEOPHAGY ON THE NUTRITIONAL STATUS OF  

CHILDREN UNDER FIVE YEARS OF AGE 
 

Anil Gupta 
 

Reader, Department of Biochemistry, Eklavya Dental College & Hospital, Kotputli, Rajasthan. 
 

 

Abstract:-Health of children is dependent on nutritious food, proper weaning, good hygiene 

practices. Inadequate calories upshots into malnutrition. Few children adopt inappropriate 
behavior and start eating soil. This habit untowardly effects health of children. Study was 
done to assess the effect of geophagy on health of children. It involved children under five 
year old, selected from schools (240/440), anganwadi (127/440) and slum areas (73/440). 
Children with habit of geophagy were seen to be under-weight, (O R = 15.7, p<0.0001)). 
Also, wasting was more prevalent in soil eating children, (O R = 22.89, p<0.0001). 

 
Keywords: Geophagy ,Health of children , inappropriate behavior ,literature survey . 

 

INTRODUCTION 

 
Geophagia has been the type of Pica, which has its root in Latin. Pica word is used in Latin for the bird, 

Magpie, with its haphazard eating habits. According to American Psychiatric Association, Pica is the insistent 

urge in an individual to eat non-nutritive substances.  
Geophagy is associated with iron deficiency in most of the individuals. In a literature survey by Lacey, 

iron deficiency anemia was three times more observed in clay eaters. It is a well established fact that geophagy 
is practiced in different sections of society throughout the world. However, the scientists are not unanimous 
about the ill effects of pica.  

Radiologists, Maravilla and Berk, (1978), studied the clay eating habit in nine radiographic technologists. 

Both of them, concluded that it was the constituents and volume of pica, that matter and the consumption of a small 

amount of pica is usually, harmless. Further, they stated that pica habit is of concern due to four important sequels as:  
(1) toxicity of the substance eaten, (2) obstruction, (3) calorific deficiency, (4) excessive calories.  

Soil particles damage the intestinal mucosa. Soil contains heavy metals, cysts of helminthes and other 
harmful substances. Rawlins et al., (1991), observed the helminthic infestation in the gastrointestinal tract of 
those children who consumed soil. Predominant, helminthes reported were, Trichuris trichiura, Ascaris 
lumbricoides,hookworm, Strongyloides stercoralis, Giardia lamblia and Entamoeba coli.  
Health of children is determined by multiple factors. According to (FAO, 2005), Nutritional status is the 
physiological level of nourishment as definied by energy, protein and minerals status.functioning‖.  

Further, it can be assessed by child‘s anthropometric parameters, dietary factors, environmental 
factors, clinical signs and symptoms and social history, (Hammond, 2008: 383).  

Anthropometric status of children, according to Hammond, (2008), it is the science of measuring size, 
weight and proportions of the human body. 

 
ANTHROPOMETRIC PARAMETERS: 

 

1. Weight for Height status 
 

Weight for height reflects the weight of body in proportion to attained growth in height (WHO,1995). 
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Wasting is defined as a weight for height of below -2SD of the reference population. 

 
2. Weight for Age status 

 

Weight for age reflects the child‘s weight in proportion to his age (WHO, 1995).Under-weight is the 

weight for age below -2SD of the reference population, 
 

3. Height for Age status 

 
Height for age reflects the growth in height in proportion to age of child.(WHO, 1995). Stunting is the 

height for age of child below -2SD of the reference population. 
 

Dietary factors 

 
According to Smolin & Grosvenor, (2008), Dietary factors determine the amount of food that an 

individual ingests through food intake, which is essential for proper growth and development of children. 

The inter-relationship amongst multiple factors and health, has been depicted in the fig. 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

FIG. 1. CONCEPTUAL FRAMEWORK DEPICTING RELATIONSHIP OF DIFFERENT FACTORS  
WITH NUTRITIONAL STATUS OF CHILDREN 

 
2. RATIONALE 

 
Health status of child depends on the dietary habits adopted during the formative years of a child.  

Abnormal habits in children like geophagy, below the age of five years, influences the overall health of children.  
Enough data is not available regarding Geophagy and its impact on nutritional status of children, 

either at national level and or at regional level.  
Therefore, the present study was performed to assess prevalence of geophagy and its effect on health of 

children. 
 

GAIM & 

 
OBJECTIVES Aim 

 
This work was aimed at observing the effect of geophagy on the health of children those who 

were between two years to below five years of age. 
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Objectives  
 

To observe prevalence of geophagy in children.   
To assess prevalence of under-weight in children eating soil.  
To observe wasting in children with habit of geophagy.  
To explore association between habit of geophagy with under-weight and wasting in children. 

 
4. RESEARCH METHODOLOGY 

 
1 Research Design 

 
Cohort, Descriptive and Cross-sectional research design. 

 

4.2 Sampling Design 

 
A. Study Area 

 
Study was done in city, Fazilka in Punjab. This city is situated on Indo-Pak border in Punjab. 

According to census report of 2001, it has population of 67,424, with 52% males and 48% females. Children 

below 6 years of age, constitutes 13% population of Fazilka. 
 

B. Sample Frame and Sampling Units 

 

Children between two years to below the age of five years, residing in and around Fazilka, formed 

sample frame. Sampling units were children, illustrated by sample selection criteria, mentioned below. 
 

C. Sample Selection Criteria 

 

Inclusion Criteria  
 

Children between 2 years to below 5 years of age.   
Children who were physically and mentally fit to participate in physical examination & 

anthropometric measurements. 
 

Exclusion Criteria  
 

Children who were critically ill.   
Obstinate children, who did not participate in anthropometric measurement procedure. 

 
D. Sampling Methods 

 
Random, Multi-stage sampling technique was followed. 

 
In the first stage, the city was divided into three strata, as below:  

 
Elementary schools   
Anganwadi (child care centres)  
Slum Areas. 

 
In the second stage, schools, anganwadi and slum areas were selected randomly from the sample frame.  
In the third stage, all the children between two years to below five years of age, were selected as per 

the above stated selection criteria. 
 

E. Sample Size Determination 

 
Sample size was determined according to the following formula: 

 
Sample size (n) = Z2 × p × q / d 2 
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Z= value of 1.96 was used at 95% of confidence interval  
p= 47% prevalence of malnutrition in india 

q= ( 1- p) 
 

d= 5% margin of error 

 
Sample size of 382 was calculated by the above formula. To this sample size, non response rate of 15% 

was added, hence, after final adjustment, sample size of 440 was determined. 
 

4.3 Data Collection Design 

 
The study was based on Primary data, collected and recorded, as follows: 

 

A. Instruments for data collection  
 

Demographic data and anthropometric parameters were recorded with help of observation and 

interview schedules. 
 

B. Methods for data collection  
 

Direct observation and interview methods  
To assess the General physical appearance.  
To collect information regarding age, abnormal habit.  

Anthropometric measurements 
 

A. Height measurement 

 

Height of children were measured using a vertical wooden height board by placing the child on the 

measuring board, and child standing upright in the middle of board. The child‘s head, shoulders, buttocks, knees 

and heels touching the board. 
 

B. Weight measurement 

 

Weight was measured by electronic digital weight scale with lightl clothing and no shoes. Calibration 

was done before weighing every child by setting it to zero. 
 

C. Data Collection Scales 

 
1. Interval scale  
Age, number of participants, height and weight. 
2.Nominal scale  
Binary variables, Geophagy, Under-weight, Wasting were recorded, as (Y) & (N). 

 
4.4 Statistical Design 

 
A. Descriptive analysis of geophagy and other characterictics was performed and expressed in percentage, as:  
Percentage (Prevalence) = number of participants affected / total number of participants × 100 
B. Odd ratio with 95% C.I. was computed. 
C. Hypothesis was tested by non-parametric, Chi square test of independence. 

D. p value of ≤0.05wasimplied as statistically significant. 
 

5. RESULTS  
 

Descriptive and cohort study was conducted. It involved children under five year of age, selected from 

schools (240/440), anganwadi (127/440) and slum areas (73/440), respectively, as described in table 1. 
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 Table 1. Distribution of participants 
   

Strata  Participants (n/N) 

Schools  240/440 

Anganwadi(child care centre)  127/440 

Slum residents  73/440   
Descriptive analysis of geophagy was performed. It showed over all prevalence of Geophagy, 9.4% (41/440), 

in the children below five year of age. Prevalence of Geophagy showed variation in different age groups. In the 

age group, (2y – 3y), prevalence was 20.2% (34/169) and in another the age group, (>3y-<5y), prevalence was 

1.6% (7/271), as represented in table 2 and graph 1. 
 

Table 2. Age –wise prevalence of Geophagy in children 
 

Age Geophagy (n%) Normal (n%) 

2 years to 3 years 20.2% (34/169) 79.8% (135/169 

>3 years to < 5 years 1.6% (7/271) 98.4% (264/271)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Descriptive analysis of the another variable, Under-weight, was done. It reflected the prevalence of 

underweight, 34% (58/169) in the age group, (2y to 3y) and in another age group, ( >3y to below 5y), prevalence 

was 21.4% (58/271), as depicted in table 3 and graph 2. 
 

Table 3. Prevalence of Under-weight in children 
 

Age Under-weight (n%) Normal (n%) 

2 years to 3 years 34% (58/169) 66% (111/169) 

>3 years to < 5 years 21.4% (58/271) 78.6% (213/271)  
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Data points between categorical variables, Geophagy and Age group, were tested by non-parametric, 

Chi square test for independence. It provided value, (÷²= 37.8, df=1), between geophagy and age group, at a 

significance level,( p < 0.0001). This value, when compared with table value ( ?²=3.84, df=1 at p=0.05), was 

much higher. Thus, null hypothesis was rejected at 5% level of significance, as shown in table 4. 
 

Table 4. Inferential analysis of Geophagy and Age in children   
Characteristics  Geophagy Non-geophagy  Chi square value P value 

     ÷²  

(2 y – 3 y)  34 135  37.8 <0.0001 

      Highly 

(> 3 y – < 5 y)  7 264   significant 

       
  

Bivariate analysis between two categorical variables, Geophagy and Under-weight was conducted to find out 

the probability of under-weight children, those who had habit of soil eating in comparison to those who did not 

consume soil. 
 

Odd Ratio between Geophagy and Under-weight  
Odd ratio =( 4.125/0.2627) 

O R = (15.7) 
95% C.I. ( 6.99-35.3) 

 
Inferential analysis was performed by Chi square test for independence. It provided value, (÷²= 68.2, 

df=1), at significance level, (p<0.0001). This value was compared with the table value, ( ?²= 3.84 at df=1 and 

p=0.05). Calculated value was greater than table value, hence, null hypothesis was rejected at 5% level of 

significance, as shown in table 5. 
 

Table 5. Inferential analysis of Geophagy and Under-weight in children  
Characteristics Geophagy Non-Geophagy Chi square value P value 

   ÷²  

Under-weight 33 83 68.2 <0.0001 

    Highly 

Normal 8 316  significant 

     
  

Additionally, the odd ratio was calculated to find out probability of wasting in children with habit of 

geophagy in comparison to those who did not eat soil. 
 

Odd Ratio between Geophagy and Wasting  
Odd ratio = ( 0.0871/0.038) 
O R = ( 22.89)  
95% C.I. ( 10.89-48.09) 

 
The hypothesis was verified by Chi square test of independence. Value obtained was (÷²= 109.6, df=1), 

at significance level, (p<0.0001), as shown in table 6. This value was matched with table value, ( ?²= 3.84 at 

df=1 and p=0.05), both had wide difference. Therefore, Null hypothesis was rejected at 5% significance level. 
 

Table 6. Inferential analysis of Geophagy and Wasting in children 
 

 Characteristics Geophagy Non-Geophagy Chi square value P value  

    ÷²   

 Wasting 27 31 109.6 <0.0001  

     Highly  
 Normal 14 368  significant  
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Table 7. Association among Age, Nutritional status and Geophagy in children  
 

Characteristic Geophagy Non-Geophagy (2y -3y) (>3y - <5y) ÷² = 77.2 

     D.F=3 

Under-weight 33 83 58 58  
      

     P = <0.0001 
      

Normal 8 316 111 213 H.S. 

      
 
 

Further, analysis was performed by chi square test of independence among Age, Nutritional status and Geophagy 

in children. It resulted in a value, (÷² = 77.2 at d.f.=3 ), highly significant, (p<0.0001), as shown in table 6. 
 

6. DISCUSSION  
 

Geophagy is the insistent eating of soil by children in a particular age group. In the present study, prevalence of 

geophagy was 9.4% in under five year old children in city, Fazilka in Punjab. The age of children is associated with 

the habit of geophagy, as it had been proved by highly significan,t (p<0.0001), chi square value (?²= 37.8, df=1), in the 

present work. Rise in age of children leads to decline in the habit of geophagy, as, shown by high,(20.2%) prevalence 

of geophagy in (2y-3y), age group in comparison to its low, (1.6%) prevalence in (>3y <5y), age group.  
The above facts about Age and Geophagy, in present study, have been substantiated by earlier work of 

Hagopian et al., (2011). It was observed that there is negative and linear relation between geophagy and age of 
children. It is considered normal in age between 18 months to two years, thereafter, habit of eating non-nutritive 
substances is taken as abnormal. In an earlier study by Hagopian et al., (2011), incidence of pica is 25-33% in 
children in younger age group, whereas, in present work, its prevalence is 20.2% in 2y to 3y age group.  

 
The cause of geophagy is still, controversial. But the ill effects of geophagy are tremendous. In this study, 

highly significant (p< 0.0001), association was observed between under-weight and geophagy in children.  
In a previous study by Diouf et al., (2000), it was established that geophagy, intestinal parasites and 

anemia are closely associated with chronic malnutrition. Hence, these findings support the present work.  
 

Age is an important predisposing factor for the occurrence of malnutrition and the tendency of soil eating in  
children. In the present study, children in age group of (2y -3y), had higher proportion of malnutrition (58/169) 
than children, (58/271) in age group of (>3y to <5y). Further, the habit of soil eating was more prevalent, 
(34/135) in tender age of (2y to 3y) than its prevalence, (7/271) in age between (>3y to <5y).  

A significant, (p<0.0001) association had been observed among age, under-weight and geophagy, in this 

research work. Improper & inadequate weaning, poverty are the important factors in the tender age of two to three 

years that the children start soil eating. These findings are supplemented by work of Karoui & Karoui (1993).  
Children who are provided scarce food or food with poor calorific value, begin eating clay and soil to 

pacify their hunger. According to Prasad et al., (1983), Components of soil damage the intestinal mucosa. 
Absorptive capability of mucosa is deteriorated.  

On the whole, a child in the period of growth and development, endures wasting and under-weight due 
to lack of proper nutrition. Further, according to Geissler et al., (1998), soil eating predisposes a child to 
helmenthic infestation that again terminates into malnutrition, anemia and diarrhoea. 

 
8. CONCLUSION 

 
Soil eating habit, although, an adaptive response, ruins the health of child. Population should be 

educated and motivated towards seeking medical help to curtail habit of geophagy. 
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ABSTRACT:   

Prospective and cross sectional 
study was conducted in city, Fazilka, 
Punjab. It covered a sample of 440 
children under age of five years. 
Sample selected by random multi 
stage sampling method. Selection 
done from schools, anganwadi and 
slum areas. It was found that dental 
caries affected 11.6% ( 51/440) of 
children. Dental caries were 
significantly, ( p<0.001), associated 
with malnutrition in children. 

 
 
 
 
 
 
 
 
 
 

 

KEYWORDS  

Malnourishment, Dental caries, Wasting, Under-weight. 
 
 
 
 
 
 
 
 

Article Indexed in :   
DOAJ Google Scholar DRJI 

1 BASE EBSCO Open J-Gate 
    

    



DENTAL CARIES AND MALNUTRITION IN CHILDREN BELOW AGE OF FIVE 
 

 

INTRODUCTION 

 

Oral and general health of an individual go hand in glove relationship. Apart from 
environmental, genetical factors, health is appreciably dependent on nutrition ( Edalat et al., 
2014). Balanced diet is necessary for growth and development of body organs in formative years of 
life. Nature of food effects the health of teeth. Today, dietary habits are in transition phase. 
Children as well as adults are adopting new dietary habits. Fast food, snacks, wafers, soft drinks 
predominate the traditional foods in offices, schools and homes. Children are prone to dental 
caries and malnutrition ( Weinstein et al., 1996). 
 

Dental caries in toddlers are described as early childhood caries. These may be definied as 
the presence of one or more than tooth with dental caries (with or without cavity)/ missing (caused 
by caries), or filled tooth surface in any primary tooth in a pre-school age child (71 months or 
younger) (Casamassimo et al., 2005). 
 

The duration of dental caries in children definitely, has the same effect as any other 
systemic disease/infectionon on the children growth and development. (Mohammadi et al., 2012). 
 

RATIONALE 
 

Dental caries is a microbial origin dental disease affecting teeth of children. 
 

Prevalence of dental caries and its association with different categories of malnourishment 
in children is minimally worked out, both at national & regional level in india. 
 

AIM & OBJECTIVES 
 

Aim 

 

The study was focused to find out the prevalence of dental caries and its association with 
malnourishment in children. 
 

Objectives 
 

H To assess overall prevalence of dental caries in children. 
I To assess its association with different categories of malnourishment in children. 
. 
MATERIALS & METHODS 
 

Research Design 
 

Descriptive and Cross sectional study design. 
 

Study Area 
 

Study was conducted in and around the city of Fazilka in Punjab. This city is located on Indo-Pak  
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border in Punjab. 
 

Sample Source and Sampling Units 

 

Children below the age of five years, residing in and around Fazilka, Punjab, according to the 
inclusion and exclusion criteria, constituted the sample source and sampling units. 
 

Sample Selection Criteria 
 

Inclusion Criteria 
 

Children between 2 years to below the age of 5 years. 
All the children who were physically fit so as to co-operate in the study. 

 

Exclusion Criteria 
 

Children who were critically ill. 
The children who were crying and agitated, did not participate in examination. 

 

Dental examination 

 

Dental examination was carried out by using mouth mirror and probe in day light. Children 
were sitted on ordinary chair. Caries were recorded by deft index (Greubbell, 1944). 

 

Early childhood caries 
 

ECC was definied by using AAPD criteria ( AAPD, 2008). 

 

the presence of one or more than tooth with dental caries (with or without cavity)/ missing 
(caused by caries), or filled tooth surface in any primary tooth in a pre-school age child (71 months 
or younger). 
 

Anthropometric measurements 
 

Height measurement 

 

Height of children were measured using a vertical wooden height board by placing the child 
on the measuring board, child standing upright in the middle of board his head, shoulders, buttocks, 
knees and heels touching the board. 
 

Weight measurement 
 

Weight was measured by electronic digital weight scale with light clothing and no shoes.  
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Calibration was done before weighing every child by setting it to zero. 
 

Statistical Design 
 

Descriptive study 

 

Dental caries was taken as dependent variable & malnutrition was considered as 
independent variable. 

 

Variables were described in prevalence mode. 

 

(Prevalence of a variable) = number of participants affected / total number of participants 
× 100 Inference was deduced by Chi square test for independence.  

(p) value of ≤0.05wastaken as statistically significant. 
 

RESULT 
 

1. Prevalence of dental caries in children 

 

Study revealed 11.6% prevalence of dental caries in children under age of five years. There 
was prevalence of 7.5% (18/240), 15.8% (20/127) and 17.8% (13/73) of dental caries in children in 
schools, anganwadi and slum area children respectively, as shown in table 1, & graph 1. 
 

Table 1. Prevalence of dental caries in children in different strata 
 

Characteristics School Anganwadi Slum area Over all 

 children children children prevalence of 

    dental caries 
     

Dental caries 18/240 20/127 13/73 (51/440) 

(n)     

    11.6% 

Dental caries 7.5% 15.8% 17.8%  

(%)     
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2. Prevalence of dental caries in malnourished (wasting) children 

 

Prevalence of dental caries was 34% (20/58) in malnourished children and only 8% (31/382) 
 

in healthy children, as shown in table 2. Inferential analysis also confirmed significant (p <0.0001), 
value (χ2)34.between06 dental caries and wasting in children, as in table 3. 
 

Table 2. Prevalence of dental caries in malnourished (wasting ) children   

Characteristics Wasting Normal 
 
 
 

 

Dental caries (n) 20/58 31/382 
 
 
 

 

Dental caries (%) 34% 8%  
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Table 3. Chi square test of independence for prevalence of dental caries in malnourished (wasting 
) children 

 

Characteristics Dental caries No dental caries Chi square P value 

   value (χ²)  

     

Wasting 20 38 34.06 (<0.0001) 

    highly 

    significant 

     

Normal 31 351   

     
 
 

3. Prevalence of dental caries in malnourished (under-weight) children 

 

Analysis showed prevalence of 19% (23/116) and 8.6% (28/324) dental caries in under-
weight and healthy children, as in table 4. Further, significant (p<0.001), value (χ²) 10.429 was 
obtained between dental caries and under-weight in children, as in table 5. 
 

Table 4. Prevalence of dental caries in malnourished ( under-weight ) children   

Characteristics Under-weight Normal 
 
 
 
 

Dental caries (n) 23/116 28/324 
 
 
 

 

Dental caries (%) 19% 8.6%  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Article Indexed in :  

6 DOAJ Google Scholar DRJI 
BASE EBSCO Open J-Gate 



DENTAL CARIES AND MALNUTRITION IN CHILDREN BELOW AGE OF FIVE 
 

 

Table 5. Chi square test of independence for prevalence of dental caries in 
malnourished (under-weight ) children  

Characteristics   Dental caries No dental caries  Chi square P value 

      value (χ²)  

       

Under-weight  23 93  10.429 (0.001) 

       highly 

       significant 

       

Normal  28 296    

        
  

4. Prevalence of dental caries in malnourished (stunting) children 

 

Further, prevalence of 12.7% and 11.1% of dental caries was found in stunted & healthy 
children as in table 6. This difference was not significant ( p =0.64), at (χ²) 0.211 as in table 7. 

 

Table 6. Prevalence of dental caries in malnourished ( stunting ) children   

Characteristics Stunting Normal 
 
 
 
 

Dental caries (n) 16/126 35/314 
 
 
 

 

Dental caries (%) 12.7% 11.1%  
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Table 7. Chi square test of independence for prevalence of dental caries in malnourished 
(stunting) children 

 

Characteristics Dental caries No dental caries Chi square P value 

   value (χ²)  

     

Stunting 16 110 0.211 (0.64) 

    not 

    significant 

     

Normal 35 279   

     
 
 

DISCUSSION 

 

In present study, over all 11.6% prevalence of dental caries was found in children in city, fazilka 
in Punjab. 
 

In another previous study, a prevalence of about 19% of dental caries was found in Udupi 
and Davangere, in southern states of india ( Tandon & Sethi, 1996), (Tyagi, 2008). Occurrence of 
dental caries is highly variable.  

 In present study, high prevalence, (34%) of dental caries was seen in malnourished children 
(wasting). This association was highly, (p<0.0001), significant. Acute malnourishment (wasting) is a 
calories / protein deprived disorder of the growing children. Body becomes weak physically, 
mentally and psychologically. Immunity befalls. Hence, weak children are more prone to decay of 
primary teeth, ulcer around angle of mouth, fungal infection of oral cavity.  

3. Under-weight is the long standing deprivation of essential calories and or protein rich.  In the 
 
present study, dental caries prevalence was higher, 19% in children who were under-weight than 
those who were healthy, ( 8.6%). This association was again, highly significant, p<0.0001. 
 

In previous study by (Oliveira et al., 2008), it was proved that dental caries caused 
malnutrition and inability to eat food. 
 

Junk food, soft drinks and other ready made preparations are deficient of minerals and 
vitamins. These provide feeling of satiety without adequate calories. Furthermore, these dietary 
stuffs are dental caries prone. Hence, the children who are accustomed to these foods suffer both 
orally and generally. 

In present study, prevalence of dental caries were slightly higher, 12.7% in stunted children in 
comparison to health children, 11.1%. But this association was not statistically significant, (p=0.64). 
Similar findings were observed by Edalat et al., 2014.  
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CONCLUSION 

 

Dental caries and malnutrition are related in both ways. In advance stage, dental caries 
result into pain & swelling. These symptoms restrict child ability to eat. Chronicity of dental caries 
ultimately ends in malnourishment. Other side of this association is the weak immunity of 
malnourished children, that stem into oral and dental lesions.  

Currently, changing dietary habits are also responsible for dental caries and malnourishment. 
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ABSTRACT: 
 

Dental & General health are 
consistently connected with each 
other. To assess it, cross- sectional 
and descriptive study was 
conducted in & around Fazilka city 
in Punjab. It comprised of total 
440  children  under  age of five 
years, selected from schools, 

anganwadi and slum areas 

through random multi stage 
sampling method. Prevalence of 
11.6% of early childhood caries 
was detected in children. Further, 
study showed that early childhood 
caries were significantly, (p<0.001) 
associated  with  pallor,  diarrhea 
and habit of geophagy in children. 
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1.INTRODUCTION 

 

Early childhood caries is a chronic and microbial disease of milk teeth of children. It is 
responsible for the damage and consequent loss of teeth. It’s a noteworthy child oral health hazard. 
Earlier, oral health was not considered much relevant for the well being of body. Today, extensive 
research has revealed that good oral health is the essential component of general health (Dunning, 
1986). 
 

Children with decayed teeth are more prone to irritative & anxious behavior. Their appetite, 
growth and cognitive functions are deprived (Chakraborty et al., 1997). 
 

Inter-relationship between oral & systemic disease is well established. Diabetes mellitus and 
cardio-vascular diseases have their oral manifestations (Grossi & Genco, 1998). 
 

RATIONALE 

 

Early childhood caries is a dental disease of primary teeth. It is of bacterial origin. Data of its 
association with systemic disease is scanty. Thus present study was conducted to obtain reference 
values at regional level. 
 

AIM & OBJECTIVES 
 

Aim 

 

The study was focused to explore the prevalence of early childhood caries and its 
association with systemic diseases in children under the age of five years. 
 

Objectives 
 

To assess overall prevalence of early childhood caries in children. 
To assess its association with systemic disease in children. 

 

MATERIALS & METHODS 
 

Research Design 
 

Descriptive and Cross sectional study design. 
 

Sample Source and Sampling Units 

 

Children below the age of five years, residing in and around Fazilka, Punjab, according to the 
inclusion and exclusion criteria, constituted the sample source and sampling units.  
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Sample Selection Criteria 
 

Inclusion Criteria 
 

Children between 2 years to below the age of 5 years. 
All the children who were physically fit so as to co-operate in the study. 

 

Exclusion Criteria 
 

Children who were critically ill. 
The children who were crying and agitated, did not participate. 

 

Dental examination 

 

Dental examination was carried out by using mouth mirror and probe in day light. 
Children were sitted on ordinary chair. Caries were recorded by deft index (Greubbell, 1944). 
 

Early childhood caries definition 
 

ECC was definied by using AAPD criteria ( AAPD, 2008). 
 

Presence of one or more decayed, missing ( due to caries) of filled tooth surfaces in any 
primary tooth in 71 months old child or younger. 
 

Anatomical sites were inspected to elucidate Pallor: 
 

Conjunctiva  

Crease of palm 
Nail beds 

 

Diarrhea is defined as passage of three or more loose stools per day or more frequently than 
is normal for an individual. It is an infection of GIT caused by bacteria, virus or parasites ( WHO, 2009) 
 

Statistical Design 
 

Descriptive study 

 

Early childhood caries was taken as dependent variable and pallor, diarrhea and habit 
of geophagy were established as independent variables. 
 

Variables were expressed as prevalence, as shown in following formula: 

 

(Prevalence of a variable) = number of participants affected / total number of participants × 
100 Inferential analysis  
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Inference was deduced by Chi square test for independence.  

(p) value ofwas taken as statistically significant. 
 

RESULT 
 

1. Prevalence of early childhood caries (ECC) in children in different strata 

 

Study revealed a prevalence of 11.6% of early childhood caries in children. Segmental 
prevalence of 7.5%, 15.8% & 17.8% of ECC was observed in schools, anganwadi and slum areas 
respectively, as in table 1, graph 1. 
 

Table 1. Prevalence of early childhood caries in children in different strata 
 

Characteristics School Anganwadi Slum area Over all 
 children children children prevalence of 

    ECC 
     

Early 18/240 20/127 13/73 (51/440) 
childhood     

caries (N)    11.6% 
Early 7.5% 15.8% 17.8%  

childhood     

caries (%)     

     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Prevalence of early childhood caries in children suffering from pallor 

 

Children, who suffered from pallor had 22% prevalence of ECC, whereas, normal 
children showed 7% prevalence of early childhood caries, as in table 2.  
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Further, inferential analysis showed, (χ²) value of 18.44 at significance level, ( p<0.0001), as in table 3. 

 

Table 2. . Prevalence of early childhood caries in children suffering from pallor   

Characteristics Pallor in children Normal 
 
 
 
 

ECC (n) 26/115 25/315 
 
 
 

 

ECC (%) 22% 7% 
 
 
 

 

ECC---- early childhood caries 

 

Table 3. Chi square test of independence for prevalence of early childhood caries in children 
suffering from pallor 

 

Characteristics   ECC No ECC  Chi square P value 

      value (χ²)  

       

Pallor  26 89  18.44 (<0.001) 

       highly 

       significant 

       

Normal  25 300    

        
 

 

ECC---- early childhood caries 
 

3. Prevalence of early childhood caries in children suffering from diarrhoea 

 

Prevalence of 20% early childhood caries was seen in children, who suffered from diarrhea, 
in comparison to 11% prevalence in children, who were healthy as in table 4. Inferential analysis 
furnished, (χ²) value of (2.1)1 at (p = 0.14) as in table 5.  
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Table 4. Prevalence of early childhood caries in children suffering from diarrhoea  
 

Characteristics Diarrhoea in children Normal 
 
 
 

 

ECC (n) 5/24 46/416 
 
 
 

 

ECC (%) 20% 11% 
 
 
 

 

ECC---- early childhood caries 

 

Table 5. Chi square test of independence for prevalence of early childhood caries in 
children suffering from diarrhoea 

 

Characteristics ECC No ECC Chi square P value 

   value (χ²)  

     

Diarrhoea 5 19 2.11 (0.14) 

    not 

    significant 

     

Normal 46 370   

     
  

ECC---- early childhood caries 
 

4. Prevalence of early childhood caries in children with habit of geophagy 

 

Descriptive analysis provided prevalence of 27% of early childhood caries in children who 
had habit of geophagy, whereas, the healthy children had 10% prevalence of ECC as in table 6. 
 

Inferential analysis revealed high association, (χ²), value (6.06) at significance level (p=0.014) 
between early childhood caries and habit of geophagy as in table 7.  
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Table 6. Prevalence of early childhood caries in children with habit of geophagy  
 

Characteristics Geophagy children Normal children 
 
 
 

 

ECC caries (n) 11/41 40/399 
 
 
 

 

ECC (%) 27% 10% 
 
 
 

 

ECC---- early childhood caries 

 

Table 7. Chi square test of independence for prevalence of early childhood caries in children with 
habit of geophagy  

Characteristics ECC No ECC Chi square P value 

   value (χ²)  

     

Geophagy 11 30 6.06 (0.014) 

    significant 

     

Normal 51 348   

     
 

ECC---- early childhood caries 
 

DISCUSSION 

 

 This study concluded higher prevalence, 22% of early childhood caries in those children who 
were anemic in comparison to healthy children. ECC was associated with anemia (pallor) 
significantly, (p<0.0001). 
 

In another study by Clarke et al., 2006, it had been proved that low serum ferritin in (80%), 
iron depletion in (24%) and iron deficiency anemia (11%) in children existed with severe early 
childhood caries. 
 

Both these studies put forward a probability that early childhood caries might be a risk factor for 
nutritional anemia and other associated health problems. It further needs a longitudinal and cohort  
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study to verify the cause and effect relationship.  
 In this study, early childhood caries were significantly, (p=0.014) associated with habit of 

geophagy in children. 
 

In another study by Adani et al., 2014, it was found that geophagy habit was associated 
with teeth attrition, dental caries. 
 

Early childhood caries result in pain, infection, decreased food intake. So it ends 
into malnutrition, nutritional anemia and habit of eating soil. 
 

CONCLUSION 

 

Early childhood caries, definitely, predispose to pallor, under nutrition, and habit of soil 
eating. This is a myriad of problems, which inter-digitate & inter-link among themselves. 
Longitudinal & cohort study can explore & establish the cause and effect relationship between early 
childhood caries on one side and pallor, diarrhea, geophagy and malnutrition on other side. 
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ABSTRACT: 
 

Descriptive study was conducted 
in & around city, Fazilka, Punjab to 
evaluate prevalence of early 
childhood caries in under five year 
children. Sample selected by 
random multi stage sampling. It 
comprised of 440 children. Study 
showed prevalence of 7.5% 
(18/240), 15.8% (20/127) and 
17.8% (13/73) of early childhood 
caries (ECC) in children in schools, 
anganwadi and slum areas, 
respectively. Prevalence of ECC 
differed in boys & girls and in 
children in different age groups, 
but these diverged prevalence 
were non-significant, (p=0.57 & p 
= 0.27), respectively. 
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INTRODUCTION : 

 

Early childhood caries is a disease of microbial origin that affects deciduous teeth. It affects 
the teeth of children in tender age. This disease is rather more related to socio-economic status and 
socio-behaviour pattern of the parents than merely describing it as a dental abnormality. Nursing 
habit & oral hygiene habit together largely determine the prevalence of early childhood caries ( 
Douglass et all., 2001). 
 

ECC damages the primary dentition. Initially, it starts as incipient lesion in teeth. It 
progresses rapidly and if management is not instituted timely, can mutilate the primary dentition 
(Skeie et all., 2006). 
 

ECC invasion creates a big problem for the toddlers. It results in pain, swelling, poor appetite 
and malnutrition as a upshot (Kumar, 2010). 
 

Early childhood caries remains unattended in the public domain as well as in the medical 
fraternity. The perception that the primary teeth are temporary and will ultimately be replaced by 
the permanent teeth, discourages the parents and guardians to adopt health oral hygiene habit & 
seek medical intervention (Postma et all., 2008). 
 

RATIONALE 

 

Early childhood caries inflicts primary teeth of children. Prevalence of early childhood caries 
has been least researched, both at national & regional level in india. Hence, this study was 
conducted to explore the prevalence of ECC in children, aged between 2 years to below 5 years in 
city of Fazilka in Punjab. 
 

AIM & OBJECTIVES 
 

Aim 

 

The aim of present study was to find out the prevalence of early childhood caries in children 
under the age of five years. 
 

Objectives 
 

K To assess overall prevalence of early childhood caries in children.  
L To assess differential prevalence of early childhood caries, according to different strata, age 
group and gender of children.  
M To assess effect of different strata, age and gender on the prevalence of early childhood caries. 
 

MATERIALS & METHODS 
 

Research Design 
 

Descriptive and Prevalence study design.  
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Study area 

 

Study was conducted in and around the city of Fazilka in Punjab. This city is located on Indo-
Pak border in Punjab. 
 

Study subjects 

 

Participants were children in age group between 24 to below 60 months old. Total sample of 
440 children were selected by random multi stage sampling method. Study was conducted in and 
around the city of Fazilka in Punjab. Study had a proportion of 240, 127 and 73 children from 
Schools, Anganwadi and Slum areas, respectively. 
 

Dental examination 

 

Dental examination was carried out by using mouth mirror and probe in day light. Children 
were sitted on ordinary chair. Caries were recorded by deft index (Greubbell, 1944). 
 

Early childhood caries 
 

ECC was definied by using AAPD criteria ( AAPD, 2008). 

 

Presence of one or more decayed, missing ( due to caries) of filled tooth surfaces in any 
primary tooth in 71 months old child or younger. 
 

Statistical Design 
 

Descriptive study 

 

Different strata, Age and Gender were taken as Predictor variables. Early childhood caries 
was taken as Out-come variable.  

ECC was described in the form of Prevalence. 
(Prevalence of a variable) = number of participants affected / total number of participants × 100 
 

Inferential analysis 
 

Inference was deduced by Chi square test for independence.  

(p) value ofwas taken as statistically significant. 
 

RESULT 
 

1. Prevalence of early childhood caries in children in different strata 
 

Study revealed the prevalence of ECC in different strata as 7.5% (18/240), 15.8% (20/127) and  
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17.8% (13/73) in schools, anganwadi and slum areas children, respectively, as shown in table 1, & chart  

1. Overall prevalence was calculated as 11.6% (51/440). 
 

Table 1. Prevalence of early childhood caries in children in different strata 
 

Characteristics School Anganwadi Slum area Over all 
 children children children prevalence of 

    ECC 
     

Early 18/240 20/127 13/73 (51/440) 
childhood     

caries (N)    11.6% 

Early 7.5% 15.8% 17.8%  

childhood     

caries (%)     

     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 2. Chi square test of independence for prevalence of ECC in children in different strata 
 

Characteristics School Anganwadi Slum area Chi square P value  

  children children children value (χ²)   

        

ECC  18 20 13 (8.82) 0.01  

      significant  

No ECC  222 107 60    
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ECC---- early childhood caries 

 

Chi square test of independence revealed (χ²) value of 8.82, which was statistically 
(0.01), significant, as seen in table 2. 
 

2. Gender-wise prevalence of early childhood caries 

 

Descriptive analysis depicted prevalence of 12.3% (32/260) and 10.5% (19/180) early 
childhood caries in boys and girls, as shown in table 3 & chart 2. 
 

Table 3. Gender-wise prevalence of early childhood caries  
 

CHARACTERISTICS Boys Girls 
 
 
 

 

Early childhood caries (N) 32/260 19/180 

   

Early childhood caries (%) 
12.3% 

10.5% 
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Table 4. Chi square test of independence for gender-wise prevalence of ECC in children 
 

Characteristics Boys Girls Chi square P value 

   value (χ²)  

     
ECC 32 19 (0.319) (0.57) 

    Not 

    significant 

No ECC 228 161   

     
 
 

Inferential analysis provided value of (χ²) 0.319, which was not significant ( p=0.57), as in table 4. 
 

3. Age-wise prevalence of early childhood caries 

 

Further study showed prevalence of ECC as 9.5% (16/169) and 12.9% (35/271) in different 
age groups, as in table 6, chart 3. 
 

Table 6. Age-wise prevalence of early childhood caries  
 

CHARACTERISTICS 2Years - 3Years >3Years - <5Years 
 
 
 
 

Early childhood caries (N) 16/169 35/271 

   

Early childhood caries (%) 9.5% 12.9%  
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Table 7. Chi square test of independence for age-wise prevalence of ECC in children 
 

Characteristics 2Years - 3Years >3Years - <5Years Chi square P value 

   value (χ²)  

     

ECC 16 35 (1.207) (0.27) 

    Not 

    significant 

     

No ECC 153 236   

     
  
Inferential analysis, further provided (χ²) 1.207 value which was not significant ( p=0.27), as in table 7. 

 

DISCUSSION 

 

In present study, over all 11.6% prevalence of early childhood caries was found in city, fazilka 
in Punjab. This prevalence rate is low in comparison to other studies. 
 
Furthermore, in a previous study by ( Tandon & Sethi, 1996), (Tyagi, 2008), a low prevalence 
of about 19% of ECC was found in Udupi and Davangere, in southern states of india. 
 
In another previous study, high ECC prevalence 42% was observed by (Dini et al., 2000). 
Generally, ECC occurrence is highly variable. It fluctuates in between countries and further, 
within each country. 
 
Accordingly, prevalence of ECC, worldwide is highly erratic, varying from 2.1% in Sweden to 
85.5% in rural areas in china. (Priyadarshini et al., 2011)  

In present study, highest prevalence, (17.8%) of ECC was found in children in slum areas. Lowest 
prevalence 7.5% was detected in school children. The occurrence of ECC is multifactorial. It is 
dependent on socio-economic status, literacy status, oral hygiene habit etc. 
 
so the facts achieved in present study are in conformity and are further, authenticated by earlier 
study by (Mouradian et al., 2009) & (Jigjid et al., 2009), which stated high prevalence of ECC in low 
income groups.  

In present study, significant (p=0.01) relation is determined between ECC and different 
strata (socio-economic status).  

In present study, higher prevalence of ECC (12.3%) was found in boys in comparison to low 
 
prevalence, 10.5% in girls. But higher prevalence of ECC in boys was not statistically ( p=0.57) 
significant. 
 
Similar findings were observed in earlier study by (Priyadarshini et al., 2011). It showed a higher 
prevalence among boys than girls, which was statistically, non-significant.  

 In this study, age-wise higher prevalence, 12.9% of ECC was found in (>3y-<5y) age group in 

comparison to low prevalence of ECC, 9.5% in (2y-3y) age group. This age-wise high prevalence of ECC 
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was non- significant (p=0.27), statistically. 
 

Former study by (Priyadarshini et al., 2011) augmented the present study describing the 
pattern of rise of ECC in higher age group of children. 
 

CONCLUSION 

 

Early childhood caries is a rampant lesion of teeth, if it is not treated timely. With the 
advancement in medical technology, it can be easily detected in incipient stage and can be teeth 
can be restored. In the tender age, toddlers are entirely dependent on parents and teachers. They 
should be educated and motivated towards early childhood caries and measures to intercept and 
prevent this dental disease. 
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STUDY OF THE PREVALENCE OF DIARRHOEA IN CHILDREN UNDER THE AGE OF 
FIVE YEARS: IT‘S ASSOCIATION WITH WASTING 
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ABSTRACT 
 

Diarrhoea emerges as the worldwide major cause of mortality in children under age of five years. Malnutrition and diarrhea 

together interplay to undermine the health of growing children in their prime years of life. Study comprised of total 440 children, 

selected through random multistage sampling method, guided by sample selection criteria, executed in city Fazilka, Punjab. The 

present study illustrated overall prevalence of (5.5%) diarrhea in children. Further, analysis depicted a high prevalence of (46%) 

diarrhea in children, who suffered from acute malnutrition (wasting), under the age of five years, accompanied by highly sign ificant 

(p<0.001), association with wasting in children under the age of five years. 
 

KEYWORDS: Under nutrition, Wasting, Diarrhoea, Acute malnutrition 

 

Diarrhea is characterized by passing of three 

or more loose, watery stools per day. Acute diarrhea 

persists for one to two days. The tendency of passing 

well formed stools more than normal, is not diagnosed 

as diarrhoea, also the passing of loose, pasty stools in 

breastfed babies is not considered as diarrhea [NDDI; 

2013]. 

 
In developing countries, children under the 

age of three years suffer from average three episodes of 

diarrhoea per year. Each episode worsens the 

nutritional status of the body necessary for growth and 

development of the children. Consequently, it is a 

major cause of malnutrition, and malnourished children 

are highly susceptible to further attacks of diarrhoea. 

Children who die from diarrhoea often have underlying 

malnutrition, which makes them more vulnerable to 

diarrhoea. Diarrhoea is a leading cause of malnutrition 

in children under five years old [WHO; 2013]. 
 

It  is  a  manifestation of gastro-intestinal 
 

infection induced by bacteria, predominantly, E. coli, 

Salmonella, Para-Typhi, Shigella species. Infection is 

spread through contaminated food or drinking-water, or 

from person-to-person contact as a result of poor 

hygiene [Jill, et al.; 2010]. 
 

Diarrhoea is a prime cause of childhood 

mortality in the developing world. It deteriorates the 

immunity of children, specifically in the age group of 

two to three. Diarrhoea is responsible for worldwide 

mortality of 1.5 to 5 million children per year under the 

age of five years [Bern, et al.; 1992]. 
 

Diarrhoea undermines the resistance of body, 

coupled with dehydration and viciously depreciates the 

nutritional status of children under five [UNICEF; 

2010]. 

 

AIM & OBJECTIVES 
 
Aim 
 

The present study had a goal to explore the 
prevalence of diarrhoea in children under the age of 
five years in the city Fazilka in Punjab. 
 
Objectives 
 
N To find out the prevalence of diarrhea in under 
five year old children. 
 
O To assess the association of wasting and diarrhea in 
under five aged children. 
 
MATERIALS & METHODS 
 
Research Design 
 

Observational, Descriptive and Cross-sectional 
research study was planned. It had following elements. 
 
Sampling Design 
 
Study Area 
 

Study was carried in the city of Fazilka, 

Punjab. It is a city on Indo-Pak border in Punjab. As 

per census report of 2001, Fazilka has a population of 

67,424, comprising 52% males and 48% females. In 

Fazilka, 13% of the population is under 6 years of age. 
 
Sample Source and Sampling Units 
 

Children below the age of five years, residing 

in and around Fazilka, Punjab, according to the 

inclusion and exclusion criteria, constituted the sample 

source and sampling units. 
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Participant Selection Criteria 
 

Inclusion Criteria  
 

Children between 2 years to below the age of five 
years.  

 
All the children who were resident of Fazilka. 

 
Exclusion Criteria  

 
Children who were critically ill.  

 
The children who were crying and agitated, did not 

participate in anthropometric measurements procedure. 
 

Sampling Methods 
 

Random, Multi-stage sampling technique was  
adopted. 

 
In the first stage, the city was divided into 

three strata as: 
 

Elementary schools, Anganwadi (child care 
centres), Slum Areas. 

 
In the second stage, schools, anganwadi and 

slum areas were selected randomly from the sample 
frame. 

 
In the third stage, all the children between two 

years to below five years of age, were selected as per 

the above stated selection criteria. 
 

Data Collection Instruments  
 

Observation and interview schedules were used for 
demographic and anthropometric parameters. 

 
Pre-stuctured proforma used for data collection 

pertaining to clinical signs and symptoms. 
 

Data Collection Methods  
 

Observation: This method was used to assess 
general behavior of children.  

 
Inspection and Palpation: Clinical parameters 

were evaluated by inspection and palpation method.  
 

Interview: This method was adopted to collect data 

about frequency of stool passing and other additional 

information on physical symptoms of children from the 

attendants.  
 

Anthropometric parameters : The Weight and Height 

were measured by Digital Weight measuring scale and 
two meters Tape. 

 
Data Collection Scales 

 
A. Data for the weight and height expressed 
in numerical values and percentage scales. 

 
 
 
 
B. Frequency of stools in number (n) and 
percentage (n)%. 
 
Statistical Design  
 

The weight and height of the participants were 
expressed in Z- score classification, as recommended 
by WHO child growth standard, 2007.  
 

The cut point of (-2SD), was used to compare the 

weight and height of participants with that of median of 
reference population, as follows: 
 
Wasting as definied by WHO child growth standard, 
[WHO; 2007 ] was depicted as: 
 
A. (WHZ), weight/height of participant below -2SD 
(moderate low wasting) 
 
B. (WHZ), weight/height of participant below -3SD 
(severe low wasting) 
 

Bivariate analysis of categorical variables was 

performed by Fischer‘s Exact Probability test. 
 

p-value of ≤ 0.05 was implied as 
statistically significant. 
 
RESULTS 
 

Table-1, demonstrated the overall distribution, 

240/440, 127/440 and 73/440 of study participants in 

different strata namely, Schools, Anganwadi and Slum 

areas. 

 

Table 1: Distribution of participants in strata   
Strata Participants (n/N) 

  

Schools 240/440 
  

Anganwadi(child care 127/440 
centre)  

  

Slum residents 73/440 
   

 

Tables-2,3 illustrated the prevalence of overall 

(86%) and differential (89%), 213/240, (85%), 107/127 

and (85%), 62/73 of normal children in different 

sections of city, Fazilka. 
 
Further, these tables showed prevalence of wasting, 

overall (13%) and individual, 11%, 15% and 15% in 

children in Schools, Anganwadi and Slum areas under 

age of five years. 

 
Further, analysis confirmed prevalence of (46%) as a 

whole and segmental prevalence of (37%), (30%) and 

(72%) diarrhoea in children with wasting in different 

strata of society under age of five years as portrayed by 

tables 2, 3. 
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Table 2: Prevalence of Wasting and Diarrhoea in children under age of five 
 

Strata Normal children Wasting  in Diarrhoea in 

   children   children  
        

 (n/N) (n)% (n/N) (n)%  (n/N) (n)% 
        

Schools 213/240 89% 27/240 11%  10/27 37% 

        
Anganwadi 107/127 85% 20/127 15%  6/20 30% 

        
Slum 62/73 85% 11/73 15%  8/11 72% 

residents        
        

 

Table 3: Showing overall prevalence of Normalcy, Wasting and Diarrhoea in children 
 

Category Overall prevalence 

Normal children 86% 
  

Children with wasting 13% 
  

Children with diarrhoea & wasting 46% 
   

 

Tables- 4, 5 and 6 exemplified highly 
significant (p<0.001) association between wasting and 

 

diarrhea in children under the age of five years in 
all the three strata in city, Fazilka. 

 
Table 4: Showing Fischer‘s exact probability test between diarrhea and wasting in children in Schools 

 

 

 Diarrhoea Non-diarrhoea P value 
    

Wasting 10 17 P< 0.001 
    

Normal 0 213  
    

 

Table 5: Showing Fischer‘s exact probability test between diarrhea and wasting in children in Anganwadi 
 

 Diarrhoea Non-diarrhoea P value 

    
Wasting 6 14 P< 0.001 

    

Normal 0 107  
    

 

Table 6: Showing Fischer‘s exact probability test between diarrhea and wasting in children in Slum areas 
 

 

 Diarrhoea Non-diarrhoea P value 
    

Wasting 8 3 P< 0.001 
    

Normal 0 62  
    

 

DISCUSSION  
 

Diarrhoea dehydrates the body, weaken the 

immunity and impedes body ability to absorb nutrients 

from diet. These events set forth a vicious circle, 

wherein, the children become malnourished, which 

further enhances their body susceptibility to infections. 
 

In the present study, prevalence of 46% 

diarrhea in children affected with wasting under age of 

 
 
five, as a whole has been experienced. In a study by 

Joshi, et al; 2011 in Bahraich district, Uttar Pradesh, 

India, very high prevalence rate of diarrhea (55.6%) 

was noticed in malnourished children. Hence, the cited 

study confirms prevalence of diarrhea in 

undernourished children, as observed in present study 

in Punjab. Although, prevalence rate differs due to 

difference in availability of food, poverty, literacy, 
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socio-economic status, approach to medical facilities 
and not the last, the time of data collection. 

 
A report from UNICEF, India; 2006, also 

authenticates the present study that 39% of children 

with malnutrition suffered from diarrhea and received 

oral rehydration therapy. 
 

The present study depicts very high 

association between diarrhea and wasting (p<0.001), 

and has been observed at all three strata significantly. 

Similar findings exposing the association between 

diarrhea and malnutrition, thus, authenticating present 

study, have been shown by [Siddique, et al; 1991], [ EI 

Samani, et al; 1998], [Sachdev, et al; 1991]. 
 
CONCLUSION 

 
Diarrhea is significantly, associated with acute 

malnutrition (wasting). It affects the state of nutrition 

of the body of children in their tender age. It should be 

addressed by multifaculty team of physicians, NGO, 

health workers, paramedical staff and govt. agency. 
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ABSTRACT 
 

Pallor is an easily discernible sign of Anemia. Dietary deficiency Anemia, more prevalent in 

children, has an impact on the Nutritional status of children. The cohort, prevalence study was 

designed to observe the presence of Pallor and its consequence on the health of children. Study had 

440 children, selected by multi stage sampling method in city of Fazilka in Punjab. There was overall, 

26% of pallor, prevalent in children under age of five. The prevalence of malnourished children with 

Pallor was higher, significantly, (p<0.0001), in comparison to malnourished children without Pallor. 
 

 

Key Words: Wasting, Underweight, Anemia, Pallor 
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INTRODUCTION 
 

Anemia is a clinical condition ascribed to reduction of hemoglobin concentration/ reduction 

of RBC count below reference value. Generally, anemia develops steadily and progress due to 

improper & delayed detection and management. Walter et al., (1989) had described that delayed 

weaning and its substitution by a diet that is poor in quality and quantity, certainly leads to anemia 

in children. 
 

Clinical Signs, which are used for tentative diagnosis of anemia are pallor of conjunctiva, nail 

beds, crease of palm and labial mucosa. Furthermore, Nardone et al., (1990) stated that pallor of 

conjunctiva is highly associated with presence of anemia than the pallor of nail beds or palm. 

According to Strobach et al., (1988), paleness of Conjunctiva is an easily observable sign of moderate 

to severe anemia. 
 

WHO & UNICEF, (1995) have declared that clinical sign of pallor is a simple method of 

inspection to detect anemia. Although, it is not a perfect method. But still it is simple, easy, non-

expensive and vital clinical method to observe anemia. Anemic children have poor appetite. Their 

body is deprived of essential minerals and enough calories for the growth and development. These 

children have poor immunity. These are more susceptible to infections. This vicious cycle 

promulgates and ends in progressive anemic condition. 

 

RATIONALE 
 

Malnutrition and Anemia are the health dilemma of children who are under the age of five 
years. Prevalence of malnutrition and anemia during the developmental stage of children, inflict 
significant loss on the personality of children. 
 

Adequate data is not available, pertaining to correlation between malnutrition and anemia. 
Hence, present study was designed to appraise the prevalence of anemia and its association with 
malnutrition in children aged between 2 years to below 5 years. 

 

AIM & OBJECTIVES 
 

Aim 
 

The study on children between two years to below five years, was aimed to evaluate 
prevalence of Pallor and its impact on Nutritional status of children. 
 

 

Objectives 
 

To assess prevalence of Pallor in children under age of five years. 
 

To assess Malnutrition in children. 
 

To evaluate association between Pallor and Malnutrition in children. 
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MATERIALS & METHODS 
 
Research Design 
 

Observational, Descriptive and Cross-sectional research design. 
 

 

Sampling Design 
 

A. Study Area 
 

Research work was done in the city, Fazilka in Punjab. This city is situated on Indo-Pak border 
in Punjab. According to census report of 2001, it has a population of 67,424, with 52% males and 
48% females. In Fazilka, 13% of the population is that of children below 6 years of age. 
 

 

B. Sample Frame and Sampling Units 
 

Children between two years to below the age of five years, residing in and around Fazilka, 
constituted the sample frame. The sampling units were the children as described by sample 
selection criteria, mentioned below. 
 

 

C. Sample Selection Criteria 
 
Inclusion Criteria 

 

Children between 2 years to below the age of five years. 
 

 Children who were physically and mentally fit to participate in physical examination & 
anthropometric measurements. 
 

Exclusion Criteria 
 

Children who were critically ill. 
 

The children who were crying and agitated, did not co-operate in anthropometric measurement 
procedure. 
 

 

D. Sampling Methods 
 

Random, Multi-stage sampling technique was adopted. 
 
In the first stage, the city was divided into three strata, as: 
 

Elementary schools  

Anganwadi (child care centres)  

Slum Areas. 
 
In the second stage, Schools, Anganwadi and Slum areas were selected randomly from the 
sample frame. 
 

In the third stage, all the children between two years to below five years of age, were selected 
as per the above stated sample selection criteria. 
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E. Sample Size Determination 
 
Sample size was determined, according to the following formula: 
 

Sample size (n) = Z2 × p × q / d 2 
 

Z= value of 1.96 was used at 95% of confidence 

interval p= 47% prevalence of malnutrition in india 

q= ( 1- p) 
 
d= 5% margin of error 
 
Sample size of 382 was calculated by the above formula. 
 

To this sample size, non response rate of 15% was added, hence, after final adjustment, 
sample size of 440 was determined. 

 

Data Collection Design 
 

Primary data was collected with the help of following procedures. 
 

A. Data Collection Instruments 
 

Observation and interview schedules were used for recording demographic 
characteristics and anthropometric parameters. 
 

Pre-structured Performa prepared. 

 

Data Collection Methods 
 
1. Direct observation and interview method 
 
To assess the General physical appearance. 
 
To collect information regarding Age, any abnormal habit, dietary habit of children. 

 

2. Inspection 
 
Four Anatomical sites were inspected to detect Pallor, as: 
 
Conjunctiva 
 
Crease of palm 
 
Oral mucous membrane 
 

Nail beds 

 

3. Palpation 
 

Abdomen was Palpated to find out presence of hepatomegaly/spleenomegaly. 
 

 

Anthropometric measurements 
 

A. Height measurement 
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Height of children were measured using a vertical wooden height board by placing the child 
on the measuring board, and child standing upright in the middle of board. The child’s head, 
shoulders, buttocks, knees and heels touching the board. 

 

Weight measurement 
 

Weight was measured by electronic digital weight scale with light clothing and no shoes. 
 
Calibration was done before weighing every child by setting it to zero. 

 

Data measurement Scales 
 

Interval scale was used for recording independent variable, Age. 
 

Pallor, Underweight and Wasting were described in the form of Prevalence. 
 
(Prevalence of a variable) = number of participants affected / total number of participants × 100 

 

Cut off values 
 

Weight for Height and Weight for Age of the participants were expressed in Standard deviation, 
as recommended by WHO child growth standard, 2007. 
 

 The cut point, (-2SD), was used to compare the weight for height and weight for age of 
the participants with that of the reference population given by WHO, as follows: 
 

Wasting and Under -weight as definied by WHO child growth standard, 2007: 
 
A. Wasting (WHZ), weight for height of participant below -2SD 
 
B. Under- weight (WAZ), weight for age of participant below -2SD 
 

 

Statistical Design 
 
A. Descriptive study 
 

Pallor was taken as Predictor variable. Pallor was described in the form of Prevalence. 
 
Wasting and Underweight were Out-come variables, also described as prevalence. 
 
B. Bivariate analysis 
 

Oddd ratio was computed with 95% C.I. 
 
C. Inferential analysis 
 

Hypotheses testing was done by non-parametric test, Chi square test for independence. 
 

D. (p) value of ≤ 0.05 was implied as statistically significant. 
 

 

5. RESULTS 
 

The present study was comprised of under five year old children. Strata- wise participants were 

selected as, 240/440, 127/440 and 73/440, from Schools, Anganwadi and Slum areas, respectively, 
as shown in table 1. 
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Table 1. Distribution of children between two to below five years of age 
 

Participants (n/N) 
Strata 

 

240/440 
Schools 

 

127/440 
Anganwadi(child care centre) 

 

73/440 
Slum residents 

 
 
 

 Descriptive analysis provided overall prevalence, (26%), (115/440) of Pallor in children below age 
of five years. Further, analysis yielded a differential prevalence of Pallor in different age groups of 
children. It was 16.5%, (28/169) in the age group, (2y-3y) and 32%, (87/271) in the age group, (>3y to 
<5y ), as shown in table 2, graph 1. 

 
Table 2. Prevalence of Pallor in children Age- wise 

 

Age 
Pallor (n%) Normal (n%)  

   

2y – 3y 
16.5% (28/169) 83.4% (141/169)  

   

>3y – <5y 
32% (87/271) 68% (184/271)  

   
 

Graph 1 showing prevalence of pallor in children 
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 The categorical variables, Pallor and Wasting were analysed by computing Odd 

ratio. Odd ratio = (0.8254/0.0192) 
 

O R = (43.05) 
 

95% C. I. (17.7-104.5) 
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The inferential analysis was done by Chi square test. It yielded a value, (χ²= 137.1, df=1) at 
significance level, ( p <0.0001), as shown in table 3. This value was matched with table value (χ²=3.84 
at df=1, 5% significance level), thus, Null hypothesis was rejected at 5% significance level. 

 

Table 3. Inferential analysis in Pallor and Wasting in children between two to below five years 
 

Characteristics Wasting Normal 
Chi square 

P value 
value χ²     

     

Pallor 
52 63 

  
  < 0.0001 
    

   
137.1 Highly 

Non-Pallor 
  

6 319 
 significant   

   

     

 

Another, Correlational analysis was done by calculating Odd ratio between categorical variables, 
Pallor & Under-weight. 

 

Odd ratio = (1.577/0.1613) 
 

O R = (9.78) 
 

95% C. I. ( 6.002 -15.93) 
 

Inferential analysis was performed by Chi square test. This test provided a value, (χ²= 98.5, 
 

df=1), at (p< 0.0001), significance level. Hence, the Null hypothesis was rejected after matching the 
calculated value with table value, (χ²= 3.84 at df=1, p=0.05), as shown in table 4. 

 
Table 4. Inferential analysis in Pallor and Under-weight in children 

between two to below five years 
 

Characteristics Under-weight Normal Chi square P value 

   value χ²   
      

Pallor 71 45 98.5  <0.0001 

      

Non- Pallor 45 279    

      
 
 

DISCUSSION 
 

In the present cross-sectional, cohort study on children between two to below five , Pallor as sign 

of anemia was observed in 26%, (115/440) of the children. The occurrence of pallor in age group, 

(>3y to <5y) was higher in comparison to age group of (2y to 3y). According to Christoffel (1981), 

children in older age group, have their deciduous dentition completely erupted. They take to junk 

food items, which are without any energy and devoid of iron. 
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 Balanced diet and good health always have glove in hand relation. In the present study, Anemia 
in terms of pallor, was significantly, (p<0.0001) associated with wasting (acute malnutrition) and 
under- weight in children. 
 

The data in present study is authenticated by study of Singh & Babu (2014), which stated 
that the anemia was higher in those children who were under-weight, significantly (p<0.0001). 
 

In present study, group of children with Pallor have 43 times more risk of becoming weak 
and wasted in comparison to group of children without Pallor. 
 

Further, analysis showed that the same group of children with Pallor have 15 times higher 
susceptibility to become Underweight, a types of malnutrition than the group of children without 
Pallor. 
 

The association between Pallor and Malnutrition, (wasting and underweight) in this study, is 

also supplemented by the work of Bhoite & Iyer (2011), which stated that the percentage of anemic 

children amplified as the severity of underweight increased, (25% anemia prevalence was seen in 

mild underweight children, whereas, 42 % of anemia was present in severely underweight category). 
 

 

Anemia is multi-factorial in its etiology, but iron deficiency anemia is more rampant in 
children. Anemic children become more vulnerable to infections. As per Kotecha (2011), their 
immunity status weakens and appetite deteriorates. This vicious cycle perpetuates into malnutrition 

and again terminates into nutritional anemia. 

 

7. CONCLUSION 
 

Anemia and underweight in children are associated together. These are the principal health 
problems affecting children under the age of five years. 
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ABSTRACT  
Anemia is a world-wide health problem in children. It can be easily detected, in routine practice by the presence of 

Pallor in diverse anatomical sites, mainly conjunctiva, nail beds and crease of palm. Descriptive, prospective study was 
conducted in the city of Fazilka, Punjab, to observe the prevalence of Pallor in children in different strata of city, who were 
between 2years to below 5 years of age. Study included 440 children, selected by random multi stage sampling method. 
Analysis showed that 26% of the children exhibited Pallor. Children in age group, (>3y - <5y) had (32%) prevalence of Pallor, 
higher, than the children in younger age group, (2y -3y) with prevalence, (16.5%) of Pallor. 
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Pallor is the yellow discoloration of the skin, 

mucosa, body secretions. It is a vital clinical sign of 

Anemia. Primary health check-up and physicians in 

remote areas and in primary care centres, normally, rely 

on the detection of Pallor to sense the presence of anemia 

in patients (Weber et all,1997) . 
 

Pallor is visible in those parts of body in which 

capillaries are superficial. Conjunctiva, Nail beds, Crease 

of palm, Labial mucosa are the important sites of body to 

observe pallor. Therefore, it can be easily and with little 

experience, detected by a clinician as well as by a health 

worker. It is a precious clinical parameter, where, 

laboratory facility is inadequate (Bunn, 1994). 
 

Anemia due to deficiency of iron, vitamin 12 or 

folic acid, and/or due to composite cause, is the key health 

problem affecting children in both developed and 

developing countries. Iron deficiency anemia constitutes 

about 50% of the total anemic children in the world 

(WHO, 2001). 
 
Rationale 
 

Anemia is the serious health disorder, affecting 

physical, mental and intellectual health of children under 

the age of five years. This is the prime period in the life 

cycle of human being, wherein, growth and development 

of a child takes place. 
 

Prevalence of pallor is well documented at the 

national level, but least data is available specific to a 

 
 
region and locality. Hence, study was undertaken to 

assess prevalence of pallor in children aged between 2 

years to below 5 years in city of Fazilka in Punjab. 
 



 
Aim and Objectives 
 
Aim 
 

The study aimed at to find out the prevalence of 

Pallor in children under age of five years. 
 
Objectives 
 

To assess overall prevalence of Pallor in children. 
 

To assess differential prevalence of Pallor 

according to age groups and gender of children. 
 

To assess effect of Age and Gender on 

prevalence of Pallor in children. 

 

MATERIALS AND METHODS 
 
Research Design 
 

Descriptive and Prevalence study design. 
 
Sampling Design 

 
1
Corresponding author 

Study Area 
 

Study was conducted in and around the city of 

Fazilka in Punjab. This city is located on Indo-Pak border 

in Punjab. As per census report of 2001, Fazilka has a 

population of 67,424, comprising 52% males and 48% 

females. In Fazilka, 13% of the population is under 6 

years of age. 
 
B. Sample Source and Sampling Units 
 

Children below the age of five years, residing in 

and around Fazilka, Punjab, according to the inclusion 

and exclusion criteria, constituted the sample source and 

sampling units. 
 
C. Sample Selection Criteria 
 
Inclusion Criteria 
 

Children between 2 years to below the age of 5 
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years. 
 

All the children who were physically fit so as to 

co-operate in the study. 
 
Exclusion Criteria 
 

Children who were critically ill. 
 

The children who were crying and agitated, did 

not participate in anthropometric measurements procedure. 
 
D. Sampling Method 
 

Random, Multi-stage 

sampling 

technique was 
 
adopted. 
 

In the first stage, the city was divided into three 
 
strata as stated below: 
 
Elementary schools 
 
Anganwadi (child care centres) 
 
Slum areas. 
 

In the second stage, schools, anganwadi and slum 

areas were selected randomly from the sample frame. 
 

In the third stage, all the children between two 

years to below five years of age, were selected as per the 

above stated sample selection criteria. 
 
E. Sample Size Determination 
 

Sample size was determined according to the 

following formula: 
 
Sample size (n) = Z2 × p × q / d 2 
 
Z= value of 1.96 was used at 95% of confidence 

interval p= 47% prevalence of malnutrition in india 

q= ( 1- p) 
 
d= 5% margin of error 
 

Sample size of 382 was calculated by the above 

formula. To this sample size, non response rate of 15% 

was added, hence, after final adjustment, sample size of 

440 was finalized. 
 
Data Collection Design 
 

Primary data were collected by the under stated 

methods. 
 
Data Collection Instruments 
 

Observation and Interview schedules 
 
Used for demographic data and clinical signs & symptoms. 
 
B. Data Collection Methods 

 

OBSERVATION 
 
To assess the General physical appearance. 

 
To collect information regarding Age, any 

abnormal habit, dietary habit of children. Inspection 

 

Anatomical sites were inspected to elucidate Pallor as: 
 
Conjunctiva 
 
Crease of palm 
 
Nail beds 
 
Palpation 
 

Abdomen was palpated to find out the presence 

of Hepatomegaly and Spleenomegaly. Interview 

 

Parents and care takers were interviewed to 

collect information regarding any abnormal habit and 

other relevant information about the children. 
 
C. Data Measurement Scales 
 

Interval scale was used for recording 

independent variable, Age. 
 

Nominal scale was used for independent variable, 
 
Gender. 
 

Clinical sign & symptoms, were expressed in 

percentage scale (n%). 

 

Statistical Design 
 
Descriptive study 
 
Age and Gender were taken as Predictor variables. Pallor 

was taken as Out-come variable. 
 
Pallor was described in the form of Prevalence. 
 
(Prevalence of a variable) = number of participants 

affected / total number of participants × 100 
 
B. Bivariate analysis 
 

Oddd ratio was computed with 95% C.I. 
 
C. Inferential analysis 
 

Inference was deduced by Chi square test for 

independence. 
 
D. (p) value of ≤ 0.05 was taken as statistically significant. 

 

RESULTS 
 

The descriptive and cohort study was under taken 

that involved the children between 2y to below 5y of age, 

selected from different sections of society in the city of 

Fazilka in Punjab. It had a proportion of 240, 127 and 73 

children from Schools, Anganwadi and Slum areas, 

 

120 Indian J.L.Sci. 4 (1) : 119-123, 2014 



GUPTA : STUDY OF THE EFFECT OF AGE AND GENDER ON PREVALENCE OF... 

 
 Table 1 : Distribution of Children in Different Strata 
        

 Strata  Participants (n/N)  

 Schools   240/440    

 Anganwadi(child care centre) 127/440    

 Slum residents   73/440    

Table 2 : Age Wise and Gender Wise Prevalence of Pallor in Children Under Age of Five  
         

Category  Age    Gender 

 
2y–3y 

 >3y -<5y   Male  Female 

Pallor (n%) 16.5% (28/169)  32% (87/271)  26% (68/260)  26.1% (47/180) 

Normal (n%) 83.4% (141/169)  68% (184/271)  74% (192/260)  73.9% (133/180  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 3 : Chi Square Test of Independence Between Pallor and Age Groups in Children 
 

 Characteristics  (2y – 3y) (>3y – <5y) 
Chi square value (χ²  

P value 

 Pallor 28 87  (13.1)  (0.0003)  

         highly significant 

 Table 4 : Chi Square Test of Independence Between Pallor and Gender in Children 
          

 Characteristics  Male  Female  Chi square value (χ²) P value  

 Pallor  68  47  (0.0001)  (0.99)  
         Not significant   

Non- pallor 
 

192 
 

133 
   

         
 
respectively, as shown in Table 1. 
 

The descriptive analysis of variables, revealed the 

prevalence of Pallor in children. It was found to be 16.5% 

(28/169) and 32% (87/271) in the age groups, (2y-3y) and 

(>3y - <5y), respectively. The overall prevalence of Pallor in 

children under five year of age was 26% (115/440). 
 

Further, the prevalence of pallor was demarcated 

into two categories as 26% (68/260) in the Male group of 

children and 26.1% (47/180) in Female group of children 

 
below age of five years as depicted in Table 2, Graph 1. 
 

The bivariate analysis of categorical variable, 

(Pallor) was performed with another variable, Age with 

the help of computing Odd ratio with 95% C.I. 
 

Odd ratio between Pallor and Age of 

children Odd Ratio (OR) = (0.1986/0.4728) R 

= (0.42) 
 
95% C. I. of the odd ratio (0.2601 0.628). 
 

This odd ratio was tested by non-parametric test, 
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Chi square test for independence. It provided a value, (χ² = 

13.1, df=1), at a significance level, ( p=0.0003), compared 

with than the table value (χ² -3.84, at df=1, p=0.05) as shown 

in Table 3. Hence, null hypothesis was rejected. 
 

A n o t h e r, b i v a r i a t e a n a l y s i s i n v o l 

v i n g dichotomous categorical variable, (Gender) was 

performed with variable, Pallor with the help of 

computing Odd ratio with 95% C.I. 
 
Odd ratio between Pallor and Gender of 

children Odd Ratio (OR) = (0.354/0.353) R 

= (1.002) 
 
95% C. I. (0.6503 1.5446). 
 

Again, this odd ratio was verified by Chi square 

test of independence between variables, Pallor and 

Gender in the children under five year of age. It furnished 

a value, (χ² = 0.0001, df=1), at significance level, 

(p=0.99), which was compared with table value, (χ²= 3.84 

at df=1, p=0.05), as shown in Table 4. Hence, the null 

hypothesis was accepted at 5% significance level. 

 

DISCUSSION 
 

Present study showed that 26% of the children 

under Age of five years in city Fazilka, Punjab, suffered 

from Anemia as depicted by physical sign of pallor. 

Anemia is a world -wide health crisis in children. Almost, 

similar prevalence of pallor (clinical pallor detected in 

23% of children), by (Kapur et.all, 2002), in their study 

on children Aged 9months to 36months, in urban slum. 
 

In another study by (Bazroy et all, 2005), on 

children under age of five years in refugee camp, detected 

prevalence of Pallor as 7.2% in general children and 22% 

in children of fishermen community. 
 

Further, it has been found that the prevalence of 

Anemia is variable worldwide, depending on the 

contributory factors. Approximately, 50% of children are 

anemic globally by ( Maclean et. all, 2009). 
 

The present study exhibited the statistically strong 

association, (p=0.0003) between Age group of children and 

presence of Pallor. In the present study, children older than 

3years had higher prevalence of pallor (32%) in comparison 

to children younger than 3 years (16.5%). This fact is 

 
proved by Odd ratio, (0.42), stating that the younger age 

group of children has even less than half the probability of 

becoming Anemic in comparison to older age group.The 

finding in present study is contradictory to the earlier study 

by (Getaneh etall, 2000), in which it was observed that the 

pallor was higher in children younger than 2 years. 
 

Plausible explanation is the rising trend of 

consumption of junk food, potato wafers and snacks, which 

is prevalent in all socio-economic strata in the society. These 

food stuff are severely deprived of iron content, give the 

children a feeling of satiety. Children of younger age group 

are dependent on food provided at home. But the children in 

older age group, are more habitual of the above said dietary 

habit, that take away the energy and minerals. 
 

This study showed the prevalence of pallor in 

girls, a little higher, (26.1%) than boys (26%), not 

significant, (p=0.99) statistically. This fact is also 

confirmed by odd ratio, (1.002), stating that both the 

groups have equal odd of getting anemia. 
 

imilar data has been obtained from earlier study 

by (Singh, 2014), supporting present study, that the 

prevalence of Pallor in female children was higher than 

male children, non-significantly. 
 

Contradictory findings were observed in study 

by (Gupta etall, 2012), on children in Tsunami affected 

areas in Tamil Nadu. 
 

In this study, male children had 22% of pallor, 

non- significantly, higher than female children (21.4%). 

 

CONCLUSION 
 

Pallor is a clinical manifestation of anemia. It is 

detected by a physician during health evaluation of a 

child. Parents, teachers, anganwadi workers should be 

made aware to assess the definite sign of Pallor on palm 

and nail beds, which has high sensitivity and specificity to 

anemia. Composite efforts are necessary to prevent and 

manage anemia. 
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ABSTRACT: - 

uality and quantity of food determines Qphysical, 
 

psychological, cognitive, social and  economic growth of 
children. However, poor nutrition and infectious diseases 
largely instigate impaired growth and poor development 

of children. They constitute immediate cause of poor 
health of children. Infectious diseases and malnutrition are 

comorbidity among children. Infectious diseases 
undermine immunity of childrenwhich sequentially 
manifests as malnutrition in children. Furthermore, 

children who suffer from wasting and stunting in early 
period of life are extremely predisposed to recurring 

episodes of infectious disease. 

 

KEYWORDS: Malnutrition, Infectious Disease, 
Communicable Disease, Poor Health 
 

INTRODUCTION: 
 

Good nutrition provides necessary energy and 
nutrients in formative period of childhood. Nutrition 
ensures proper growth of child body, balanced immune 
system, adequate cognitive development and 

 

 

good academic performance (Young, 2012). 
 

MALNUTRITION 
 

Malnutrition is a clinical condition 
characterized by consumption of either surplus or 
deficient nutrients. Macronutrients provide calories 
to sustain physiological and metabolic functions of 
body. Micronutrients furnish essential vitamins and 
minerals to catalyzed biochemical reactions in body 
tissues (UNCF, 2010). Malnutrition stems from intake 
of poor quality and or inadequate quantity of 
nutrients. Prolonged intake of surplus nutrients 
results into imbalanced nutritional status and called 
as overnutrition. Obesity is a common form of 
malnutrition among children, especially in developed 
and industrialized countries. Overnutrition or obesity 
is the prime factor for pathogenesis of metabolic 
syndrome among youngergeneration throughout the 
world. Diabetes mellitus, hypertension, coronary 
artery disease are the non-communicable diseases 
which are closely associated with overnutrition 
(Young, 2012). 
 

Conversely, dietary inadequacy during the 

growing period in children results into a form of 

malnutrition, called as Undernutrition. Good quality 
and sufficient quantity of macronutrients and 

micronutrients augment requisite calories and minerals 

necessary for proper growth and development of 

children (WHO, 2016). Undernutrition can originate 

owing to deficit intake of calories and or minerals and it 
is called as Protein-energy malnutrition. This clinical 

can manifest into two forms depending on type of 

nutrient deficiency in body. An insufficient intake of 

protein coupled with sufficient intake of calories is 

characterized by Kwashiorkor, whereas,inadequate 

intake of all nutrients is exhibited by marasmus 

(UNICEF,2006). Other form of undernutrition is 

characterized by deficiency of minerals and or vitamins 

in body of children. Moreover, undernutrition is 

expressed as malnutrition in present paper. Depending 

upon severity, malnutrition manifests into three clinical 

conditions. Acute form of malnutrition is called as 

WASTING. Child has abnormally low weight for height. 

Chronic form of malnutrition is termed as STUNTING. 

Child has low  
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height for age. Another form is acute-chronic form of malnutrition, called as UNDERWEIGHT. Child is poorly 
low in weight for age.  

Malnutrition can be measured in terms of Z-score. It is described in terms of weight for 
height,weight for age and height for age of children below -2 Z-score of the National Center for Health 
Statistics (WHO, 1995). It constitutes a major public health problem in developing world and serves as the 
most important risk factor for the burden of disease especially among preschool children. 
 

According to a report by (UNICEF-WHO-The World Bank report, 2011) nearly 165 million children 
below age of five years were stunted worldwide. Additionally, a report by (UNICEF-WHO-The World Bank, 
2011) described that approximately 101 million under five children were Underweight worldwide. 
Furthermore, a report by (UNICEF-WHO-The World Bank, 2011) stated the prevalence of nearly 52 million 
children below five were aggrieved by stunting worldwide. 
 

In developing countries, according to an estimate by (Mullerand Krawinkel, 2005), nearly 35.8% of 

preschool aged children are underweight, another 42.7% children are stunted and 9.2% children with wasting. 

Obesity is another growing health hazard among children below age of five years. It has been reported by(UNICEF-

WHO-The World Bank, 2011) that around 43 million children below five were overweight. 
 

There is a rising trend in obesity among children worldwide. A report by (UNICEF-WHO-The World Bank, 
2011) showed an increase in prevalence of obesity from 28 million children in 1990 to 43 million children in 2011. 

 

DISEASE 
 

Disease is a state altered structure and/or malfunctioning of a part or whole body. Disease is 
characterized by its signs and symptoms. Balanced diet is insufficient to achieve good nutritional status in 
presence of disease. However, body should be free of any disease that might impair digestion, absorption or 
assimilation of food. In children below five year age group, diseases are associated with malnutrition. 

 

INFECTIOUS DISEASES 
 

Infectious disease is contagious and is the manifestation of invasion of pathogens likeviruses, 
bacteria, parasites or fungi in body. Infectious diseases are communicable directly or indirectlyfrom infected 
person to healthy person. 
 

DIARRHOEA 
 

Diarrhea is clinical condition characterized by passing of more than three loose, watery stools per day. 
However, frequent passing of formed stools in adults and poorly formed loose stools in breastfed babies  

are excluded from the definition of diarrhea(WHO, 2013). 
 

Based upon clinical manifestations, diarrhea can be grouped into three categories as: 


Acutewatery diarrhea: It can continue for hours or days. 


Acutebloody diarrhea: It is characterized by blood stained stools and mucus 


Persistent diarrhea: It continues for 14 days or longer (WHO,2013).  
Infections of gastro-intestinal tract arecaused by bacteria, viruses or protozoans. These organisms 

invade the alimentary canal through fecal-oral route. Unhygienic food preparation, food serving and 
consumption of contaminated food prior to hand washing substantially, disseminate pathogenic organisms 
from one person to another. Diarrhea in developing countries is basically the result of taking contaminated 
food, water and other edibles. In rural population, ignorance, poor sanitation, poor hygiene, and poverty are 
main factors that predispose to diarrhoea. In infants, Rotavirus, is the most frequent & common cause of 
severe diarrhea. Rotavirus is a double stranded RNA virus. It has 8 species. However, Rotavirus A is 
responsible for more than 80% of the human infections. Salmonella, Shigella, E. coli, Campylobacter species 
are pathogens responsible for bacterial diarrhea. E. histolytica and Giardia are protozoans posing to 
diarrhoeaepisodes among millions of children.  

It has been observed & substantiated by research studies that physically weak, malnourished children  
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face more episodes of diarrhea during early life, wherein, each successive diarrhoea episode drains away 
essential minerals and fluid from body. In developing countries, medical facilities are not availed by parents 
for treatment and prevention of different diseases including diarrhoea. It is probably due to lack of 
motivation & education regarding severity and ill impact of diarrhea on body. Poverty, meager earnings, 
particularly, in slum dwellers & nomadic tribes tilt the conditions towards disease and poor nutritional status 
of children. Body of children become frail due to loss water & minerals like sodium, potassium, chloride and 
bicarbonates, owing to persistent attacks of diarrhea every month and every year. 
 

Chronicity of diarrhea impair appetite and weaken gut immunity. Therefore, decreased food intake 
along with low absorption & assimilation thwart nutritional status of children. Malnourished children 
become further weak and immunity compromised that predispose them to viral, bacterial diseases affecting 
their health and supplementary, suffer more diarrhoea episodes in future. Hence, it is a vicious cycle. 
 

Diarrhea is the second leading cause of child mortality in developing countries. It has been found 
that persistent diarrhea in children under five is generally related to inadequate breast feeding, improper 
supplementary foods, GIT infections due to contaminated food and water, parasitic infestation (Ochoa et 
al.,2004). Apart from infections of GIT that cause diarrhea in under five children, we must focus on few other 
factors that are the cause of diarrhea in children. 
 

It has been a common practice in India to feed children with diluted or undiluted cow milk. However, 
it can never replace mother milk in terms of digestion and absorption. Again, if it is given after dilution with 
water, the nutritive value of milk is decreased. Other conditions that can cause poor absorption of food are 
Coeliac disease, Intolerance to lactose of milk and Allergic colitis. 
 

Persistent diarrhea in children is mainly due to bacterial infections of gastrointestinal tract that is not 
timely treated & resolved. GIT infection persists for indefinite period. According to World Health 
Organization estimate, prevalence of persistent diarrhea is only 10% of total diarrhoea episodes in children, 
however, it is responsible for 35% of child mortality under five year of age. Further, about 50% of persistent 
diarrhea cases are seen during weaning period (Bhan et al.1989). 
 

ACUTE RESPIRATORY INFECTION 
 

Acute respiratory infections can be grouped intoupper respiratory tract or lower respiratory tract 
infections. Acute respiratory infectionsare common cause of child morbidity and mortality under age of five 
year among children. Prevalence of lower respiratory tract infectionsamong children is higher in developing 
countries in comparison to that in developed countries owing to wide variations in the cause of infections. 

 

UPPER RESPIRATORY TRACT INFECTIONS 
 

Infections of upper respiratory tract include allergic rhinitis, sinusitis, acute pharyngitis, tonsillitis and 
laryngitis. These constitute the commonest infectious diseases of children under five. Deafness and acute 
rheumatic fever are a few another complications that arise from untreated infections. Viruses are mainly 

implicated in the pathogenesis of respiratory infections. Rhino virus, Respiratory syncytial virus, Parainfluenze and 
Influenza viruses, Human meta pneumovirus, Adenovirus are frequently involved in infections. Mostly viral 
infections are self-limiting. However, recurrence, non-responsive cases, poor immunity might provoke spread of 

infections from upper respiratory tract to lower respiratory tract and lungs. 

 

LOWER RESPIRATORY TRACT INFECTIONS 
 

Pneumonia and Bronchitis are frequent infections of lower respiratory tract. Influenza virus is the most 
common cause of lower respiratory tract infection. It is highly seasonal infection. Para-influenza virus is another 
frequent pathogen for LRI. These viral infections exacerbate the probability of pneumonia and bronchitis in 
children those who suffer frequent attacks of influenza. Today, in developing countries, safe and effective 

vaccines are available for influenza. Management of influenza & para-influenza viral infections can help control 
the pneumonia, which is a major cause of morbidity & mortality in children in developing countries.  
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PNEUMONIA 
 

It is an inflammatory disorder of lungs that affect the alveoli, basic structural & functional units of 
lungs. Bacteria are the commonest pathogens for pneumonia. Streptococcus pneumoniae, Haemophilus 
influenza and frequently, Staphylococcus aureus are responsible for pathogenesis of pneumonia. Organisms 
like Mycoplasma pneumonia and Chlamydia pneumonia cause severe atypical pneumonia in children under 
five. Furthermore, exact pathogenesis is uncertain. 
 

Influenza, para-influenza and respiratory syncytial viruses increase the susceptibility of bacterial 
infections like Haemophilus influenza and Streptococcus pneumonia. Poor nutrition, compromised immunity 
and frequent viral infections of upper respiratory tractprompt bacterial pneumonia in children under five 
(Hemant et al.,2004). 
 

Pathogenic microbes and viruses proliferate and colonize in upper respiratory tract. These pathogens 
along with secretions are aspirated by children. This sequel is implicated in the pathology of bacterial pneumonia 
in children. It had been assessed by authors (Chisti et al., 2009) that pneumonia and malnutrition are associated 
in high rate of child mortality. This mortality rate increases as the severity of malnutrition increases. 
 

Another study was conducted by authors (Schlaudecker et al.,2011) that explained multiple & complex 
role of diarrhea and pneumonia in the etiology of malnutrition in children. This study explored that diarrhea and 

pneumonia, both weaken immunity and impair growth of children under five. Frequent episodes of diarrhea, 
predispose children to repeated attacks of acute respiratory infections. Micronutrient supplements and breast 
feeding, together, can reduce the frequency of diarrhea and pneumonia, therefore, better nutritional status can 
be achieved. Pneumonia is the leading cause for childhood mortality and morbidity in world. It is easily 
controllable and preventable with timely and suitable measures (Graham et al., 2004).  

Globally, more than 9 million child mortality rate, in children below age of five has been predicted. 
Prevalence of about 3 million deaths due to pneumonia is noteworthy (Bryce et al.,2005). 
 

Huge childhood mortality rate due to acute respiratory infection, pneumonia should be managed. 
Otherwise, it would be difficult to achieve the United Nations Millennium Development Goal-4 by 2015. 
Effective measures that are needed are education, motivation about importance of breast feeding, proper 
food supplementation, improving housing conditions, access to medical facility (WHO and UNICEF, 2004). 

 

HIV AND OPPORTUNISTIC INFECTIONS 
 

HIV is a deadly, retro virus, responsible for infection of about 3 million children worldwide. About 
90% of childhood HIV infections occurs in Africa, that is associated with 7% of all deaths in children aged 
under five (WHO, 2006).  

Childhood HIV infections result in growth impairment and malnutrition. Anti-retro viral treatment is the 
choice to combat big load of HIV infections, globally. In African countries, HIV infected children with severe 
malnutrition were provided micronutrient supplements, however, anti-retroviral drugs were not started. It was 
observed that these children recovered nutritional status slower in comparison to HIV non-infected children. In 
developing countries, severity of malnutrition in HIV infected children is higher than in uninfected children 
 

Anti-retroviral therapy and therapeutic food can improve the nutritional status of the children, 
especially, in Sub-Saharan Africa, where the mortality rate of malnourished and HIV infected children is 
three times the un-infected children. 
 

Authors (Bachou et al., 2006) studied a group of 315 malnourished Children who had high 
prevalence (26%) of infections and persistent diarrhea. They were admitted to hospitals for diarrhea. 
Prognosis was poor and mortality rate were high. 
 

Poor food intake, illiteracy, poor hygiene, frequent diarrhea are the common features in households 
having HIV infected, malnourished children. 
 

HIV infected infants show low weight gain in first year of life. It can be due to poor feeding, infections. 
Tuberculosis, pneumonia, oral candidiasis and diarrhea, that are the common consequences of HIV infections, 
which together are implicated in compromised immunity. These result into wasting and stunting.  

In HIV infected children, increased calorie need, more catabolic metabolism, opportunistic bacterial  
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fungal infections, lack of medical facility are additional limitations for development of low weight for height 
and low weight for age. These consequences on prolongation, might terminate into low height for age.  

Food intake is decreased in HIV infected children. This condition might arise due to many reasons. It 
can be due to ART medications, nausea, vomiting, depression, secondary infections or diarrhea. 
 

In HIV infected children, opportunistic fungal infections by candida albicans is common sequela. It 
may manifest in mouth and esophagus resulting in dysphagia, pain and reduced intake of food (Winter,1996) 
 

HIV infected children enter in a myriad of health problems, which are the consequence of many 
factors. Already discussed, reduced food intake, deliberately decreases energy level in body, low serum 
retinol, low serum iron, folic acid level become detrimental to health of children. Deficiency of more 
micronutrients raise the likelihood of secondary infections by virulent pathogens and ends in severe 
compromised nutritional status (Hendricks et al., 2006) 
 

In HIV infected children, opportunistic infections in mouth and lower part of GIT, result into 
dysphagia, malabsorption, diarrhea and increased intolerance to lactose and gluten. Hence, under nutrition 
in these children have a defunct role biosynthesis of proteins, enzymes, hormones, therefore, adverse 
impact on structural and functional integrity of cells, tissues and organs of body. 
 

HIV infection of the parents have direct negative impact on their physical work and livelihood which 
in turn deter food security and care of children, hence, increases the vulnerability of children to diseases and 
malnutrition. 
 

DISCUSSION 
 

Repeated and persistent infection of GIT, bring about structural and functional changes in mucosa of 
intestine. Pathogens, either, adhere or invade mucosa, release endotoxins, which trigger the release of pro-
inflammatory substances called as Cytokines, initially, followed by synthesis of inflammatory compounds, 
like Prostaglandins, Prostacyclin, Histamine in mucosal cells of intestine. These compounds modulate gut 
immunity. These immunomodulatory compounds alter length of intestinal villi.Lymphocytic infiltrations 
within villous epithelium have been postulated by various authors. Crypts of Lieberkuhn undergo 
hypertrophy (Sullivan et al.1991). 
 

Histological alterations in intestinal mucosa impair its absorptive function. Therefore, nutrients are 
not absorbed from diet. Body suffer from ill effects of nutrient deficiency either macronutrients or 
micronutrients which is divulged as malnutrition. 
 

Malnutrition predisposes to infectious diseases, which in turn contribute to malnutrition. Hence, an 
interplay of malnutrition and infectious disease initiate a vicious cycle. 
 

Wasting among children is a predictor of duration and severity of diarrhoea. Prolonged illness might 
aggravatenutritional disturbance, thereby render children to risk of morbidity and mortality as shown in 
diagram 1.  
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Diagram 1 depicting interrelation between infectious diseases and malnutrition 

 

CONCLUSION 
 

Infectious disease and malnutrition are intimately associated predisposing factors to health of 
children. Availability of clean drinking water is most essential to combat most of the communicable diseases. 
Additionally, periodic hand wash, good hygiene and proper disposal of human excreta are another 
safeguards to prevent from infectious diseases. Government policy to regulate adequate food supply at 
subsidized prices to poor population would definitely ensure availability and distribution of quality food. 
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Foreword 
 
 
 
 

 

Geophagia, or the deliberate consumption of earth,  soil, or clay, 
 

is an ancient practice reported across world cultures. In countries 

with a high nutritional anemia burden, geophagia represents a 

major public health challenge. The persistence of geophagia, 

indicated by its high prevalence despite near-universal 

condemnation by physicians, indicates the existence of a broad 

social permissiveness preventing behavior change. Nevertheless, 

in-depth systematic literature on this subject of considerable 

importance has hitherto been lacking. This important work by Dr. 

Anil Gupta fills the gap. The introductory chapter synthesizes 

various definitions of geophagia, while the second chapter gives a 

historical overview of the problem. Further chapters explore the 

prevalence and determinants of geophagia across different 

continents. Causes of geophagia are evaluated in terms of 

psychological stress, hunger, cultural, and protection hypotheses. 

The chapter on the micronutrient deficiency hypothesis provides 

various evidence substantiating the clinical  
linkage of geophagia with the nutritional deficiency anemia.  

I am sure this book will help readers understand geophagia in 

greater detail and from a wider perspective, and it will be useful 

for clinicians, epidemiologists, and researchers… 
 

Dr. Rajesh Kumar  
Maulana Azad Medical College  

New Delhi, India 
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xii Foreword 

 
 

Geophagia is a broad term. It is prevalent in developing and 

underdeveloped countries, targeting mostly pregnant women and 

children. The author has done a remarkable study in his book, 

Geophagia: History, Epidemiology, and Etiology. He has 

touched each and every aspect of geophagia. 
 

I congratulate Dr. Anil Gupta for his efforts. This book will 

help in educating women of childbearing age and thereby reduce 

maternal and child morbidity due to geophagia. 

 

Dr. Eli Mohapatra  
AIIMS, Raipur, India 

 

Geophagia is reported in every region of the world. Although it 

is a culturally prescribed behavior in some societies, it is also 

regarded as a psychiatric disorder. Geophagia is a complex 

eating behavior by humans or animals leading to deliberate 

consumption of soil. It‘s a form of ―pica,‖ which is the Latin 

term for magpie, a bird with indiscriminate eating habits. It is 

seen in different situations and is due to multiple causes.  
This monograph is comprehensive and covers different issues 

related to geophagia, like historical perspectives and the prevalence 

of geophagia in different regions of the world, and it highlights the 

ethnic, cultural, and racial bases of geophagia. The monograph 

illustrates the etiology and different hypotheses in order to 

understand the exact cause-and-effect relationship of geophagia. 
 

The monograph should serve as a good resource and reference 

material for undergraduate and postgraduate medical and nursing 

students, and it will also be a useful guide for students of 

nutrition science. 

 

Pankaja Raghav  
AIIMS, Jodhpur, India  

 
 
 
 
 
 
 
 
 
 

 
9780367352868 _ C000.indd  12  31 - 08 

-  

2019  10:12:42 



 
 
 

 

Preface 
 
 
 
 
 

Ingestion of food is a physiological process among  heterotrophic 
organisms to obtain nutrients for survival.  

Nevertheless, consumption of soil, clay, and chalk by humans is 

labeled as geophagia.  
Ancient resources and modern references deliver valuable 

information concerning geophagia and pica in the human race. 

However, the literature is ambiguous, nonconforming, and inconsistent 

regarding defining this aberrant behavior, crafting etiology, charting 

health effects, and identifying the universal traits among the affected 

population. This book provides an interdisciplinary review of 

geophagia and is an attempt to put forward a brief conceptual 

framework to achieve universality in its definition, history, 

epidemiology, and multiple hypotheses in a single volume. 
 

I hope the book will be helpful in disseminating knowledge 

about the history, epidemiology, and etiology of geophagia to 

students, scholars and academicians, and clinicians. I have made 

sincere and honest efforts to prepare and present a factual book. 

Submissively, I welcome criticism, comments, or suggestions for 

the improvement of forthcoming editions of the book. 
 

Dr. Anil Gupta  
Dean Research  

Professor and Head, Department of Biochemistry  
Desh Bhagat University, Mandi Gobindgarh, Punjab, India 
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C h a p t e r 1 
 
 
 

Introduction to 
 

Geophagia 
 
 
 
 
 
 
 
 
 

 

1.1 INTRODUCTION   
Geophagia is an abnormal eating behavior that has been reported 

among preschool children, pregnant women, mentally challenged 

individuals, and rarely adults. Astoundingly, the habit has been 

documented by various authors from ancient periods who 

substantiate the widespread prevalence of geophagia across 

different regions of the world. Geophagia has been adjudged a 

morbid habit in consequence of poverty and starvation, a 

psychiatric disorder, and an essential practice that is practiced in 

families and inherited from one generation to another, outside of 

the culture, religion, and rituals of a society. 
 

Various definitions and conceptual models have been put 

forward in pursuit of an explanation of the cause-and-effect 

relationship of geophagia. These conceptual models have academic 

significance but little interventional role in managing the habit of 

geophagia. Even though geophagia has universal prevalence among 

selected regions of developed and developing countries alike, 

nevertheless, a concrete and collaborative interventional 

 

1  



 



 
2 Geophagia 

 

plan against the public health hazard has been completely 

overlooked. Disparate views have been provided narrating the 

definition and etiology of geophagia, along with dissimilarity in 

reporting the types of non-edible items consumed by patients. 

The ambiguity has resulted in a set of contradictory definitions 

of geophagia. 

 

1.2 DEFINITIONS OF GEOPHAGIA   
P Ziegler (1997) described geophagia as the practice of 

consuming earth or earthy substances like clay or chalk. 
 

Q Danford (1982) described geophagia and pica as the abnormal 

and intense (pathological) desire for a food substance or non-

food substance. In this definition, Danford (1982) included the 

consumption of both edibles and non-edibles as geophagia, 

provided the edibles are consumed in an abnormal pattern. 

The intake of raw rice, excessive ice cubes, and raw potatoes 

is labeled a pica habit. 
 

R Mosby‘s Medical Dictionary (2009) defined geophagia as 

the habit of eating clay or dirt. 
 

S Ekosse and Junbam (2010) defined geophagia as the 

practice of involuntary ingestion of soil. 
 

T Hawass et al. (1987) and Ghorbani (2008) described 

geophagia as the intense compulsion to eat clay or dirt or 

substances from the lithosphere. 
 

U McLoughlin (1987) labeled geophagia a type of pica. 
 

V Johns and Duquette (1991) posited that geophagia involves 

the incessant desire to ingest clay. 
 

W Reid (2010) defined geophagia as an idiosyncrasy in a 

small group of individuals or culturally sanctioned behavior 

related to dirt eating that is widespread across the world 

within specific societies. 
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Introduction to Geophagia   3  

 

According to Taber (1985) and Lacey (1989), geophagia is 

a perverted appetite with an urge for the intake of materials 

that are termed non-food items that is practiced by a few 

women in pregnancy through the ingestion of clay, starch, 

plaster, or ashes. This condition is observable in hysteria, 

some psychiatric disorders, and helminthiasis. 
  

According to Stedman (1982) and Lacey (1989), geophagia 

is an immoral appetite and is the hunger for materials that 

are not fit for human consumption. 
 

1.3 CRITICAL REVIEW OF GEOPHAGIA   
In geophagia, individuals consume soil, clay, or chalk. These are 

non-food substances; according to the definition of ―food‖ 

(Encyclopedia Britannica 2017), it is a substance that is essentially 

made up of organic and inorganic components for use by organisms 

so as to maintain growth, perform repairs, and derive energy. 

 

Therefore, geophagia is characterized by eating of non-

food items. 

 

Eating is a physiological process among heterotrophic organisms 

to obtain nutrients for survival. Nevertheless, soil, clay, and 

chalk that are mostly consumed in geophagia are not nutrients. 

Therefore, eating of non-food items by humans cannot be 

described as normal eating behavior. 
 

Therefore, geophagia is an abnormal eating behavior. 

 

Some authors have described geophagia as a habit (Johns and 

Duquette 1991; Glickman et al. 1995; Mosby‘s Medical Dictionary 

2009; Wikipedia 2017). Habit is a regular behavior that is acquired 

through regular previous practice. Habits are performed 

subconsciously, as an individual does not require introspection 

while performing routine behavior. Thus, the etiology of the habit 

of geophagia lies in the customary practice among certain 
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communities of the world where eating soil or clay becomes an 

essential cultural practice among pregnant women. This habit 

passes from one generation to other (Nyaruhucha 2009), while in 

other tribes, owing to poverty, the habit has been adopted by 

poverty-stricken people to satiate by consuming soil, clay, or 

kaolin (Schmidt and Ayer 2009).  
Other workers have posited geophagia as a compulsive 

behavior that is a psychiatric disorder. A compulsive behavior 

involves an intense urge to perform an activity, unlike a habit, 

which happens subconsciously (Hawass et al. 1987; Ghorbani 

2008; Ekosse and Junbam 2010). 
 

Nonetheless, the American Psychiatric Association considers 

geophagia a feeding and eating disorder (APA 2013). It is a 

mental disorder characterized by abnormal eating habits that is 

detrimental to the health of individuals. Eating disorders are 

potentially harmful and impair the eating behavior of affected 

individuals (NIMH 2016). 
 

Geophagia has been reported among women during pregnancy 

(O‘Rourke et al. 1967). It is generally associated with iron-

deficiency anemia (Sayers et al. 1974). Geophagia, in the 

literature, has served to satiate the hunger of people during acute 

scarcity of foods, as in famine, and could be a substitute for food 

in poverty (Hawass et al. 1987). Geophagia has been noticed 

during anorexia nervosa (Woywodt and Kiss 2002). 
 

Contrary to popular belief, geophagia has been practiced 

in the absence of hunger where factors like environment 

and culture have been strongly implicated in the practice 

of geophagia. (Vermeer and Frate 1979) 
 

Geophagia has been reported as a major health problem in 

individuals who are suffering from congenital cognitive 

impairment and psychiatric disorders (D‘Eredita et al. 1999). 

Ingestion of non-food substances by mentally challenged people 

is associated with a prevalence of high morbidity (Ilhan et al. 

1999) and mortality (McLoughlin et al. 1988). 
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1.4 HABIT OF PICA   
The word ―pica‖ is derived from the Latin word ―magpie,‖ 

which is a European bird. The bird is known for its 

indiscriminate habit of eating various substances, food and non-

food (Glickman et al. 1981; Walker et al. 1997).  
There is ambiguity over the concrete definition of pica among 

academicians and clinicians. It has been defined by different 

authors. Pica is the intentional consumption of non-food substances 

for a period of not less than 1 month (APA 2013; Young 2009). 
 

Pica has been described as the consumption of either an 

abnormal amount or type of non-food or food substances by 

individuals (Kroger and Freed 1951; WHO 1961). 
 

Other authors have described pica as the compulsive intake of 

non-dietary items for a prolonged period of time (Walker et al. 

1997). Pica has been regarded as a hunger for non-dietary 

substances (Halsted 1968; Lacey 1990). 
 

Consumption of non-food items during pregnancy often 

involves geophagia or amylophagia (Erick 2012).  
Pica is the incessant desire for and intake of substances that 

cannot be defined as food (Young et al. 2010). It is the consumption 

of non-edible substances like clay, ice, metal, hair, wall paint, 

stools, or chalk (Luby 2009). Soil eating, which is a type of pica, 

has been documented as a therapeutic method to treat chlorosis, 

which was a disorder prevalent in adolescent girls in the early 

nineteenth century (Woywodt and Kiss 2002). This pernicious habit 

has been in practice since ancient times (Laufer 1930). In medical 

literature, geophagia has been described as a highly prevalent form 

of pica and an adverse outcome of poor socioeconomic conditions 

among populations, and generally had been observed after famine 

and was linked to poverty; nevertheless, the harmful habit has been 

reported as the intentional eating of soil in the absence of hunger 

(Young et al. 2010; Njiru et al. 2011). 
 

Pica is common in preschool children and women during 

pregnancy and lactation. Conflicting evidence has been provided in 

favor of the practice of pica by the whole community (Bisi-Johnson 
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et al. 2010). Further, pica practice has been found more or less 

among all human races (Halsted 1968; Reid 2010).  
The pica habit has also been reported in psychiatrically and 

developmentally compromised individuals (Blinder 2008). Studies by 

some authors (Jawed et al. 1993; Luiselli 1996) have demonstrated that 

psychiatric disorders are linked with the pica habit. 
 

As suggested by the American Psychiatric Association‘s 

Diagnostic and Statistical Manual of Mental Disorders, Fifth 

Edition (APA 2013), certain conditions are deemed necessary for 

establishing the diagnosis of pica in individuals. According to 

the APA (2013), the duration of pica, involving continuous 

eating of non -edible substances for a minimum period of 1 

month, and the age of the individual, where such eating behavior 

is considered unsuitable, are important criteria for determining 

pica. 
 

Moreover, the American Psychiatric Association‘s Diagnostic 

and Statistical Manual of Mental Disorders, Fourth Edition (APA 

2010) posits that the absence of social and cultural acceptance of the 

habit of pica is also necessary for its diagnosis, because some 

cultural groups consider it normal practice, and the last criterion, as 

suggested by the APA (2010), is that the presence of pica in an 

individual with any mental disorder assumes a serious concern for 

the health of the individual that requires immediate attention. 
 

This habit is additionally found in individuals with 

developmental disabilities (Finucane 2012; CDC 2013; Andrews 

1903), which are a wide group of congenital disorders impairing the 

physical and/ or mental capabilities of individuals. Developmentally 

disabled individuals have a higher predisposition to pica. These 

individuals have abnormal behavior that might be injurious to the 

self and or others in contact with the person (Emerson 1995). 
 

Furthermore, the work of Gonzalez-Turmo (2009) described a 

new concept about food and non-food substances. According to 

Gonzalez-Turmo (2009), edibles are liked by people and non-

edibles are those substances people dislike, but a substance that 

is palatable for one might be unpleasant for another person. 
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Gonzalez-Turmo (2009) asserted in his work that there exists a 

wide disparity among different cultures in the perception of 

edibles. It is true that every person has his or her own choice of 

food items, which is decided by his or her psychology, gustatory 

perception, access to food groups, and knowledge about foods 

(Messer 2009). However, the author proclaimed that intake of 

unusual substances, which definitely have profound negative 

effects on the physical and mental health of an individual, can 

never be claimed to be food. 
 

1.5 TYPES OF PICA   
A wide variety of non-edible substances are mentioned in the 

literature. However, the surveyed literature describes the 

following as the most frequent types of pica habits: 
 

Acuphagia  
 

Acuphagia is the habit of eating sharp metal objects 

(Stiegler 2005). 
 

Amylophagia  
 

Amylophagia is the compulsive consumption of 

laundry starch. It is commonly observed in pregnancy. 
 

Cautopyreiophagia  
 

Cautopyreiophagia is the compulsive eating of burnt 

matchsticks (Thurlow et al. 2013). 
 

Coprophagia  
 

Coprophagia is the compulsive eating of feces. 
 

Geomelophagia  
 

Geomelophagia is the compulsive eating of raw potatoes. 

This disorder is associated with iron deficiency in the body 

(Langworthy and Deuel 1920; Johnson and Stephens 1982). 
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Geophagia  
 

Geophagia is the compulsive eating of soil, clay, or 

earthen materials (Luby 2009; Gupta 2017). 
 

Hyalophagia  
 

Hyalophagia is the habit of eating glass particles 

by humans (Colman 2015). 
 

Lithophagia  
 

Lithophagia is the compulsive eating of small pebbles and is a 

subtype of geophagia (Luby 2009; Somalwar and Keyur 2011). 
 

Pagophagia  
 

Pagophagia is the habit of compulsively consuming ice 

(Parry-Jones 1993). This type of pica is most frequently 

practiced by children and adults. Pagophagia is associated 

with deficiency of iron in the body. This habit is 

discontinued after iron supplementation (de Los Angeles et 

al. 2005; Yasir and Glenn 2010). 
 

Plumbophagia  
 

Plumbophagia is the compulsive eating of peelings of paint 

containing lead (Mensah et al. 2010). 
 

Trichophagia  
 

Trichophagia is the compulsive eating of one‘s own hair. 

The affected person pulls the hair and eats it (Chamberlain 

et al. 2007). 
 

Xylophagia  
 

Xylophagia is the compulsive eating of wood and 

related substances like paper (Gowda et al. 2014). 
 

Coleman et al. (1981) reported a craving for tomato seeds.  
Shapiro and Linas (1985) reported a craving for sodium chloride.  
Marks (1973) reported a craving for lettuce seeds.  
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1.6 LATEST POSTULATES ON GEOPHAGIA AND PICA   
Parry-Jones and Parry-Jones (1992) and Stillman and 

Gonzalez (2009) performed a recent study of the behavior 

and eating patterns of patients. The authors collected 

historical data on pica patients from the sixteenth to 

twentieth centuries. It was postulated by the authors (Parry-

Jones and Parry-Jones 1992; Stillman and Gonzalez 2009) 

that pica behavior additionally includes the compulsive 

consumption of food items in atypical amounts and patterns 

apart from the compulsive eating of non-food items. 
  

Parry-Jones and Parry-Jones (1992) and Stillman and 

Gonzalez (2009) established a new dimension in the 

definition of pica and geophagia. Lacey (1989), Parry-

Jones and Parry-Jones (1992), and Stillman and Gonzalez 

(2009) cited the 10th version of International Statistical 

Classification of Diseases and Related Health Problems 

that has been proposed by the World Health Organization 

and the fourth edition of the Diagnostic and Statistical 

Manual of Mental Disorders that has been recommended 

by the American Psychiatric Association and stated that 

pica is the urge to eat non-food substances; however, Lacey 

(1989), Parry-Jones and Parry-Jones (1992), and Stillman 

and Gonzalez (2009) additionally postulated that a new 

dimension like the persistent urge to eat a specific food 

item has cropped up in the past three decades. Therefore, 

the authors (Lacey 1989; Parry-Jones and Parry-Jones 

1992; Stillman and Gonzalez 2009) concluded that 

previous definitions that involve incessant eating of non-

edibles must be modified through the incorporation of the 

strong urge to eat an abnormal amount of edible substances. 
  

According to some (Halsted 1968; Kensit 1979; Shapiro and 

Linas 1985; Lacey 1989; Ojanen et al. 1990; Anderson et al. 

1991; Parry-Jones and Parry-Jones 1992; Fenves et al. 1995; 

Rose et al. 2000; Obialo et al. 2001; Scott and Cochran 2002; 
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Stillman and Gonzalez 2009), the definition of pica has 

been updated and includes both the incessant urge for the 

intake of food as well non-food substances by humans. 
  

Ward and Kutner (1999) reported that intake of non-food 

items is considered pica or geophagia. Lacey (1989) and Ward 

and Kutner (1999) further commented that the practice of the 

intake of large amounts of food items like ice is within the 

boundaries of the habit of pica. Lacey (1989) and Ward and 

Kutner (1999) commented that the abnormal behavior and 

urge of an individual to obtain and consume even a food item 

are within the range of the definition of pica or geophagia. 

 

1.7 CONCLUSION   
It is posited that geophagia should be construed after considering 

the developmental stage, biological needs, cognitive stage, 

socioeconomic condition, nation‘s food policy, food security, 

and, most importantly, cultural facets of a society or nation. 
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C h a p t e r 2 
 
 
 

History of Geophagia 
 
 
 
 
 
 
 
 
 

 

2.1 INTRODUCTION   
Geophagia is a universally permeating health hazard of the human 

population. It has been practiced since prehistoric time periods for 

which little literary evidence is available. The writings of priests, 

physicians, philosophers, and travelers in ancient, medieval, and 

cotemporary periods are rich literary evidence that proves the 

universal nature of the habit of geophagia. 
 

2.2 PREHISTORIC EVIDENCE   
Geophagia among humans is archaic. Its habitude corresponds to 

the beginning of human civilization. Prehistoric time is a huge 

period about which archaeologists and anthropologists can make 

tentative declarations. The foremost evidence of geophagia belongs 

to the early Pleistocene period. It is the white clay enriched with 

calcium that has been discovered together with the bones of Homo 

habilis from Kalambo Falls, which is an archaeological site around 

30 kilometers northwest of the Mbala district of Zambia, on the 

border of Zambia and Tanzania (Abrahams 2013; UNESCO 2017; 

Wikipedia 2017a). Homo habilis was the immediate ancestor of 

Homo sapiens, modern man. Homo habilis are now 
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nonexistent; however, the habit of geophagia is still prevalent, 

which is indicative of the adaptive nature of the behavior.  
It was Prof. John Desmond Clark who excavated in the lake 

beds during the period between 1956 and 1959 and revealed a 

stone-age inhabitation. 
 

This fact substantiates that our ancestors were 

consuming clay around 2.8 million years ago in the 

evolutionary history of humans. 
 

Conclusion: 
 

Geophagia is universally practiced by pregnant women, 

preschool children, developmentally challenged 

individuals in rural populations, urban populations, tribal 

and nomadic populations except documentation of any 

cases of geophagia in Japan (Abrahams 2013). 

 

2.3 ANCIENT HISTORICAL EVIDENCE   
The earliest ancient historical evidence dates back to around 2500 

BC. Medicinal clay was used in ancient Mesopotamia (a historical 

region that corresponds to Kuwait, Syria, and Iraq) (BBC 2019; 

Wikipedia 2019a). The clay was sold in the form of tablets. 
 

According to some (Williams and Haydel 2008; Richard 

2013; Wikipedia 2019a), the ancient Egyptians in the period 

between 3000 and 2500 BC were also familiar with the use of 

clay. During this period, the pharaohs had a strong hold over the 

Egyptian people. The pharaohs, acting as physicians, used clay 

due to its anti-infective and anti-inflammatory properties. 

Richard (2013), and Wikipedia (2019a) reported the use of clay 

in preparing mummies. Margaret (2008), Richard (2013), and 

Wikipedia (2019a) also mentioned the use of clay in the 

Egyptian period by Cleopatra (the Egyptian ruler) for her body 

massage and detoxification. 
 

Ebbell et al. (1937) and Wikipedia (2019b) mentioned an 

Egyptian medical treatise that contained knowledge about herbs. 
 
 
 
 
 
 
 
9780367352868 _ C002.indd  18  23 - 08 

-  

2019  10:06:28 



 
History of Geophagia   19 

 

It dates back to around 1550 BC. This treatise mentioned the use 

of clay for various medicinal properties in Egypt.  
The textbook of Hippocrates , divulges perceptive knowledge 

about the practice of geophagia. Hippocrates was a Greek physician 

during the period between 460 and 370 BC. He was the first 

physician who declared that diseases are not due to curses of the 

gods, and he propounded a causative theory of diseases. 
 

Hippocrates mentioned ―ill effects over the head of a 

newborn baby whose mother consumed pica during pregnancy‖ 

(Hippocrates 1839; Danford 1982; Walker et al. 1997). 
 

The medical textbook of Hippocrates was highly regarded 

among Roman and Greek physicians. Therefore, the practice of 

geophagia among the population during ancient times was well 

known in the medical fraternity. 
 

Woywodt and Kiss (2002) mentioned in their article another 

popular Roman medical textbook called De Medicina. Aulus 

Cornelius Celsus (14–37 AD) compiled the book. He was an 

encyclopedist (Wikipedia 2017a). The medical textbook portrays 

a vivid account of diet, drugs, and surgery that were practiced 

during ancient periods.  
According to an English translation of De Medicina by Spencer  

(1971), the book mentions, according to Woywodt and Kiss (2002): 

 

In the absence of jaundice, bad color of skin of persons 

is either due to pains in the head or to the tendency of 

earth eating. 
 

This statement in De Medicina mentions color of skin as a 

manifestation of anemia and, moreover, undeniably postulated a 

correlation between anemia and geophagia.  
A Roman philosopher, Gaius Plinius Secundus, was a prolific 

writer in the period between 23 and 79 AD (Wikipedia 2017). He 

wrote an encyclopedia called Naturalis Historia. 
 

Pliny described the soil of Lemnos, an island of Greece, as 

being considered sacred, and it was consumed by the inhabitants 

(Abrahams 2013). 
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Woywodt and Kiss (2002) mentioned another memoir of 

Pliny. According to the authors, he cited the use of ―alica,‖ 

which was a porridge-like cereal containing red clay as an 

important constituent. 
 

Pliny commented, ―Consumed as a drug with its 

soothing effect, used a panacea for ulcers in moist body 

parts like mouth or anus. Also used as enema to arrest 

diarrhoea, when taken via mouth, it controls 

menstruation.‖ (Pliny 1972; Woywodt and Kiss 2002) 

 

During the period between 98 and 138AD, the Roman physician 

Soranus mentioned the use of geophagia among pregnant 

women. According to Callahan (2000), Soranus described the 

utility of geophagia to overcome a strong appetite for unusual 

substances. He mentioned the 40th day after pregnancy, in which 

women expressed a desire to engage in geophagia. The author 

asserted that Soranus was thoroughly aware of the ill effects of 

geophagia materials consumed during pregnancy by women. 
 

Moreover, an alternative narrative was provided by Aetius of 

Amida in his compilation during the sixth century. He mentioned 

geophagia in the Byzantine era. Aetius was a physician in the 

court of Emperor Justinian in Constantinople.  
According to Woywodt and Kiss (2002), Aetius wrote: 

 

Tentatively, in the 2nd month of pregnancy, a disorder 

arises which has been termed ―pica‖, its name taken 

from a living bird, ―magpie‖. Pregnant women crave 

different objects; some ask for spicy objects, while 

others desire salty preparations, still others ashes, 

eggshells or earth. (Wegscheider 1901; Coltman 1969) 

 

2.4 MEDIEVAL HISTORICAL EVIDENCE   
The Persian thinker Ibn Sina, who lived during the period 980– 

1037 AD, was also called Avicenna. He was the most famous 
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writer on philosophy and medicine. He collected and compiled a 

medical treatise called The Canon of Medicine (Wikipedia 

2017b, Wikipedia 2017c).  
The book was highly regarded in the field of medicine. It 

described the practice of geophagia among children and women. 

Ibn Sina advocated imprisonment as a method to stop the habit 

of geophagia among young children, according to Rosselle 

(1970) and Woywodt and Kiss (2002).  
In medieval Europe, some medical texts were written in the 

southwestern Italian city Salerno attributed to Trotula of Salerno 

(Wikipedia 2017d). The texts were named the Book on 

Conditions of Women, Book of Women’s Cosmetics, and Book of 

Treatments for Women (Wikipedia 2017c). In twelfth-century 

Europe, Salerno was recognized as a center for delivering Arabic 

medicine to the countries of Europe (Benton 1985). 
 

The texts described geophagia among pregnant women and 

recommended treatment for the same. Trotula of Salerno 

mentioned: 

 
But if she would desire for potter‘s earth or chalk or coals, 

then beans cooked with sugar should be given to her. (Mason-

Hohl 1940; Salerno 2001; Woywodt and Kiss 2002) 

 

2.5 CONTEMPORARY EVIDENCE   
During the sixteenth century in Europe, the disease chlorosis 

manifested among adolescent girls. It was also called the ―green 

disease.‖ The exact nature of the disease was not understood; 

however, it essentially had anemia as a clinical feature. According 

to Parry-Jones and Parry-Jones (1992), ―It was presumed that 

geophagia was associated with chlorosis among girls.‖ 
 

Ledelius (1668) speculated about the etiology and 

pathogenesis of geophagia. He asserted that undigested food in 

the stomach putrefied there. It became the prime reason for an 

altered sense of taste and hence manifested as a craving for non-

food substances. 
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Deutch (1977) and Starks and Slabach (2012) posited that 

geophagia was in practice during the eighteenth century. They 

mentioned the sultan of Turkey, who consumed clay that was 

obtained from the island of Lemnos. This clay had a status of 

healthy food among Europeans. 
 

Vermeer and Frate (1979) made an account of geophagia 

practiced by slaves in Africa.  
Halsted (1968) described the observations of Alexander von 

Humboldt, a Prussian geographer and naturalist. He narrated a 

customary practice among the Otomacs during his journeys in 

the period around 1799–1800. The Otomacs represent an extinct 

aboriginal group of southern Venezuela (Merriam Webster 

2017): 

 

Otomacs had a habit of eating large amounts of soil and 

mothers fed clay to their children in order to pacify them. 

 

Another work by John and Thomas (1833) gave exhaustive 

information about the physique of Otomacs, their activities, and 

their voracious clay-eating habit. The work described that the 

Otomacs used to eat fine clay of a yellow color. Clay was 

collected from river beds and was slightly baked to change its 

color to reddish owing to the presence of iron oxide. Balls of 

clay were heaped up in the form of pyramids in huts. Children, 

women, and adults had a voracious craving for clay eating, as 

described by the authors in the book The Mirror of Literature, 

Amusement and Instructions in the chapter ―Earth Eaters in 

South America‖ by Baron von Humboldt. 
 

Hawass et al. (1987) and Hunter (1993) described in their 

articles the work of missionaries who traveled in Africa in the 

eighteenth century. They described the ingestion of clay. 
 

Since past history, scarce literature on geophagia has been 

published. A few available studies have indicated its association 

with poor socioeconomic background, especially given that the 

condition became worse in developing countries (Simon 1998). 
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Travelers and missionaries in Africa also reported the practice 

of geophagia during the eighteenth to twentieth centuries in 

countries like Nigeria, Ghana, and Sierra-Leone (Hunter 1993). 

 

2.6 SUMMARY   
X The foremost evidence of geophagia belonged to the early 

Pleistocene period. It was the white clay enriched with 

calcium that has been discovered together with the bones of 

Homo habilis from Kalambo Falls, which is an archaeological 

site around 30 kilometers northwest of the Mbala district of 

Zambia, on the border of Zambia and Tanzania. 
 

Y Our ancestors were consuming clay around 2.8 million 

years ago in the evolutionary history of humans. 
 

Z The earliest ancient historical evidence dates back to 

around 2500 BC. Medicinal clay was used in ancient 

Mesopotamia. The clay was sold in the form of tablets. 
 

AA A textbook of Hippocrates, the oldest written manuscript, 

divulges perceptive knowledge about the practice of 

geophagia. Hippocrates was a Greek physician during the 

period between 460 and 370 BC. He was the first physician 

who declared that diseases are not due to a curse of the 

gods and propounded the causative theory of diseases. 
 

BB Another popular Roman medical textbook was De 

Medicina. Aulus Cornelius Celsus (14–37 AD) compiled 

the book. The medical textbook portrays a vivid account of 

diet, drugs, and surgeries that were practiced during ancient 

periods. 
 

CC A Roman philosopher, Gaius Plinius Secundus, in the 

period between 23 and 79 AD, was a prolific writer. He 

wrote an encyclopedia called Naturalis Historia and 

mentioned a use of clay called alica, which was a porridge-

like cereal containing red clay as an important constituent. 
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During the period between 98 and 138 AD, The Roman 

physician Soranus mentioned the use of geophagia among 

pregnant women. 
  

A narrative was provided by Aetius of Amida in his 

compilation during the sixth century. He mentioned 

geophagia in the Byzantine era. Aetius was a physician in 

the court of Emperor Justinian in Constantinople. 
  

The Persian thinker Ibn Sina, during the medieval period 

(980–1037 AD), was also called Avicenna. He was the 

most famous writer on philosophy and medicine. He 

collected and compiled a medical treatise. This book was 

highly regarded in the field of medicine. It described the 

practice of geophagia among children and women. 
  

During the sixteenth century in Europe, the disease 

chlorosis manifested among adolescent girls. It was also 

called the ―green disease.‖ The exact nature of the disease 

was not understood; however, it essentially had anemia as a 

clinical feature. According to Parry-Jones and Parry-Jones 

(1992), ―It was presumed that geophagia was associated 

with chlorosis among girls.‖ 
  

Halsted (1968) described the observations of Alexander 

von Humboldt, a Prussian geographer and naturalist. He 

narrated a customary practice among the Otomacs during 

his journeys around 1799–1800. 
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C h a p t e r 3 
 
 
 

Epidemiology 
 

of Geophagia 
 
 
 
 
 
 
 
 
 

 

3.1 INTRODUCTION   
The geophagia prevalence rate is hard to predict owing to 

multiple factors that intervene in the estimation of geophagia. 

Most of the individuals who practice geophagia have their own 

rigidity of mind, and they claim geophagia is a normal eating 

habit, withhold findings, and exhibit reluctance that in turn leads 

to a false prevalence rate of geophagia. 



Fawcett et al. (2016) compiled the result of a total of 70 studies 

and reported that the prevalence of geophagia and pica was 27.8%. 

They further commented that pica had the highest prevalence in the 

African subcontinent when compared with other subcontinents in 

the world owing to the heterogeneous composition of the sample, 

framed as a limitation of the study. Fawcett et al. (2016) posited that 

the prevalence of geophagia and pica could increase concomitant 

with an increase in anemia and could fall in proportion to rising 

awareness and education in society. 
 

Marchi and Cohen (1990) and Hartmann et al. (2012) reported 

the absence of pica and geophagia habits in children older than 

 

27  
 
 
 
 
 
 

 
9780367352868 _ C003.indd  27  28 - 08 

-  

2019  17:33:06 



 
28 Geophagia 

 

2 years of age in the United States. Ivascu et al. (2001) and 

Hartmann et al. (2012) described that around 33.9% of Detroit 

children in the hospital practiced pica and came to the hospital 

for treatment of sickle cell anemia. 
 

Geissler et al. (1998a), Nchito et al. (2004), and Hartmann et 

al. (2012) reported the prevalence of pica in school children as 

77% in the African subcontinent.  
Geissler et al. (1998), Young et al. (2010), and Hartmann et 

al. (2012) reported the prevalence of geophagia in pregnant 

women as between 5% and 56% in the African subcontinent. 
 

Rainville (1998) and Hartmann et al. (2012) reported a 

negligible prevalence, around 8%, of pica in pregnant women in 

the United States. 

 

3.2 GEOGRAPHICAL DISTRIBUTION OF GEOPHAGIA 
 

The prevalence of geophagia (pica) has been mentioned by 

thinkers, physicians, and travelers across the world. Geophagia is 

the most frequent type of pica among populations surviving in 

extreme poverty, humans living in the tropics, and tribal 

populations (Dickens and Ford 1942). 

 

3.2.1 Global Prevalence of Geophagia 
 

Geophagia is an enigmatic worldwide health problem 

that debilitates nutritional status, behavior, cognitive 

processes, and the intellectual capability of the affected 

individuals. 

 

Generally, geophagia is prevalent among children, pregnant 

women, and persons with developmental disabilities and 

psychiatric disorders. Its prevalence is comparatively higher in 

populations afflicted with poverty, illiteracy, and inaccessibility 

to medical facilities. 
 

Ngole et al. (2010), in their study, described the universality of 

the practice of geophagia across continents. It has been reported in 

countries of the African continent, namely South Africa, Tanzania, 
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Zimbabwe, Cameroon, Nigeria, Swaziland, and Uganda 

(Vermeer 1966; Hunter 1973; Abrahams and Parsons 1997). 

Geophagia has been mentioned in the literature across Asia in 

China, India, and Thailand (Aufreiter et al. 1997; Gupta 2015) 

and in the population across the Americas (Hunter 1973).  
The oldest evidence for its prevalence has been discovered at 

Kalambo Falls in Africa (Clark 2001), on the border of Tanzania 

and Zambia. It is assumed by the author that geophagia was 

widely practiced by slaves in African countries, and this became 

the epicenter for the global prevalence of geophagia. The global 

prevalence of geophagia has been witnessed by various travelers, 

physicians, and anthropologists during different times in the 

history of mankind. 
 

During the period between 1876 and 1879, a severe famine 

occurred in the late Qing dynasty in China. It was the worst 

period in which crop failure deprived the population of food for 

survival. The natural calamity proved disastrous for human lives 

(Wikipedia 2017a). It was British missionary Timothy Richard 

who drew the focus of the international community toward the 

famine in China (Wikipedia 2017b). 
 

In the writings of Clinton (2009) and on Wikipedia (2017a), the 

plight and survival needs of the population have been mentioned. 
 

In 1878, Richard made a journey to Shanxi. An excerpt from 

his diary said: 

 

That persons shut down houses, trade on wives and their 

daughters, survive to eat roots, carrion, clay and leaves is 

the condition that nobody denies … (Thompson 2009) 

 

Kawai et al. (2009) conducted a study in Tanzania among HIV-

affected women. It was observed by the authors that about 29% 

of the HIV-affected women consumed soil. 
 

According to a report by Barker (2005), a prevalence of pica of 

approximately 25% was found among preschool children; further, 

20% (Barker 2005) of pica consumers in the world were pregnant 
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women, and another 10% of total pica consumers in the world 

were persons with developmental disabilities. Ngozi (2008) 

reported that the highest prevalence of geophagia has been 

observed among African countries.  
According to another study by Fawcett et al. (2016), the authors 

conducted a meta-analysis of the global prevalence of the habit of pica 

among pregnant women. The authors analyzed total of 70 studies 

involving pica (Fawcett et al. 2016) and described a worldwide 

prevalence of about 27.8% of pica among pregnant women. 

 

It was documented by various authors that geophagia‘s 

prevalence was higher in African countries in contrast to 

countries in the rest of the world. The authors asserted that 

poverty and culture are the prime factors that are inversely 

related to the prevalence of pica and geophagia … 

 

According to a study by Karimi et al. (2002), children and 

pregnant women in rural areas of the city Shiraz in Iran showed 

the habit of geophagia. Clay is eaten by the indigenous 

population of Australia, and medicinal value is attributed to clay 

eating (Bateson and Lebroy 1978).  
Bradford (1915) and Callahan (2003) reported the eating of 

the deep red dirt of Chimayó in New Mexico, which is known 

for its Roman Catholic church, as it is believed to be sacred dirt 

with miraculous healing powers. 

 

3.2.2 Prevalence of Geophagia in Africa 
 

Kaolin is consumed in the African continent, which might be 

cultural or a need to have a feeling of satiety among the poor. 

Kaolin, according to a report by BBC News (2016), is 

commercially available for consumption in the markets of 

Cameroon, a country of Africa. Its intake is higher among 

women during pregnancy (BBC News 2016; Wikipedia 2017).  
Katz (2017) recounted the plight of poor Haitians and 

supplemented the description of earlier authors regarding the use 
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of cookies prepared from yellow dirt by Haitian poor people. It 

was the sole source of food to satisfy hunger pangs. The author 

commented that poverty is a limitation in the procurement of 

food sources (Katz 2017). 
 

Another descriptive study was conducted by Golden et al. 

(2012) in Madagascar. The authors executed a population-based 

survey composed of a total of 760 participants (Golden et al. 

2012), which in turn was constituted of 62.5% children, 5.4% 

adolescents, and 35% adults. The authors reported a prevalence 

of geophagia of about 54% (Golden et al. 2012). 
 

In a review study by Njiru et al. (2011), it was found that 

pregnancy was a physiological condition in which geophagia 

was highly practiced by women around the world, and its 

proportion in Uganda women was around 84%, whereas, as 

asserted by the authors, its prevalence was 50% in Nigeria.  
Abrahams (1997) and Njiru et al. (2011) commented on the 

amount of clay consumption among pregnant women in African 

countries. Pregnant women used to consume a quantity of soil 

that was equivalent to 14% of the dose of iron that was needed 

per day in pregnancy (Abrahams 1997; Njiru et al. 2011). 
 

Schmidt and Ayer (2009) reported a clay-eating habit among 

Haitians, the natives of Haiti, a small island in the Caribbean 

Sea. Schmidt and Ayer (2009) mentioned the economic, social, 

and political turmoil with which the Haitians have been 

overwhelmed and the extreme poverty and pathetic state of the 

population that have forced them to eat biscuits prepared from 

dirt, salt, and butter with minimum calorific value, which enable 

the population to survive in the absence of food sources. 
 

Njiru et al. (2011) cited the works of Saunders et al. (2009) and 

Shinondo and Mwikuma (2009) in their description conveying that 

although the proportion of women who practice pica during 

pregnancy is dropping, nevertheless, the habit is prevalent in about 

65% of women during pregnancy in different cultures across the 

world. Its incidence in pregnant women during the second trimester 

of pregnancy is about 47% (Njiru et al. 2011), 
 
 
 
 
 
 

 
9780367352868 _ C003.indd  31  28 - 08 

-  

2019  17:33:06 



 
32 Geophagia 

 

which is comparatively lower than the former prevalence of 

geophagia.  
Furthermore, Njiru et al. (2011) described the variation in the 

incidence of geophagia in relation to trimesters of pregnancy. Njiru 

et al. (2011) cited the works of Geissler et al. (1998), Luoba et al. 

(2004), and Nyaruhucha (2009) in their discussion that the 

prevalence of geophagia was nearly 44% in the first trimester, while 

it was only 5.4% in the third trimester; hence, they concluded its 

highest occurrence was in the first trimester of pregnancy. 
 

Geophagia has been rampantly practiced by children and 

pregnant women in the African continent (Brand et al. 2009). It 

is expected to fulfill the dietary needs of the body in hunger and 

famine. According to Brand et al. (2009), clay is selected 

precisely for its texture, color, and quantity. Brand et al. (2009) 

mentioned reports regarding the association of geophagia with 

iron depletion resulting in anemia, parasitic infestation, and 

inflammation of gut mucosa. 
 

Hunter (2009) collected information through field study across 

five countries of southern Africa and stated that geophagia was 

practiced voraciously by pregnant women, especially in rural areas. 

A unique fact regarding the source of clay was revealed by the 

author (Hunter 2009). It was said that large mounds prepared by 

termites were preferred as clay for eating in pregnancy. The author 

asserted that it might have a role as traditional wisdom in alleviating 

symptoms of nausea and vomiting in pregnancy and supplying 

minerals to the fetus (Hunter 2009). 
 

The habit of pica and aversion to food are common sequelae of 

pregnancy, mostly notable during the first trimester. A descriptive 

study was undertaken by Nyaruhucha (2009) on food cravings, 

aversions, and frequency of pica during pregnancy. Nyaruhucha 

(2009) selected 204 women in the conditions of pregnancy and 

lactation from medical centers in Dar es Salaam city, located in 

Tanzania. Nyaruhucha (2009) reported that around 83% of the 

women had feelings of nausea and vomiting and asserted that 

around 64% of women practiced pica during pregnancy and 
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lactation. Further, it was observed that ice, soil, and ash were 

highly sought-after pica items by women.  
An incidence study was conducted by Shivoga and Moturi 

(2009). The study involved children under 5 years old selected from 

around 350 houses in Kenya (Shivoga and Moturi 2009). Data were 

collected by Shivoga and Moturi (2009) through the interview and 

observation methods. The authors gathered information related to 

diarrhea frequency, sanitation, and the habit of geophagia. Shivoga 

and Moturi (2009) reported a prevalence of 37% of geophagia 

among children under 5. Additionally, it was asserted by Shivoga 

and Moturi (2009) that diarrhea had a strong comorbidity with 

geophagia among children in Kenya owing to poor sanitation and 

unhealthy hygiene practices. 
 

A randomized, controlled clinical trial was conducted by 

Nchito et al. (2004) on Zambian school-going children in Lusaka 

to determine the correlation between iron supplementation and 

the habit of geophagia. Nchito et al. (2004) reported an incidence 

of geophagia of around 75%, with a significant gender 

predilection toward girls. Moreover, the authors reported lower 

serum ferritin levels and a higher prevalence of helminth 

infestation among participants who practiced geophagia. 
 

A study was conducted by Luoba et al. (2004) focusing on the 

initiation of geophagia among women in their reproductive 

period. Luoba et al. (2004) covered 827 pregnant women from 

Western Kenya, and the study continued 6 months post-partum. 

The authors reported a prevalence of geophagia of about 45% in 

women (Luoba et al. 2004). Moreover, additional information by 

the authors indicated that geophagia declined to a prevalence of 

nearly 30% at the end of 6 months post-partum (Luoba et al. 

2004). 
 

It is not an exaggeration to say that geophagia is rampant and 

a public health hazard in the African continent. This proliferative 

practice is attributed to factors like social customs, ignorance, 

poverty, inaccessibility of medical facilities, illiteracy, 

superstition, lack of access to food items, famine, and starvation. 
 
 
 
 
 
 

 
9780367352868 _ C003.indd  33  28 - 08 

-  

2019  17:33:06 



 
34 Geophagia 

 

This is variously associated with medicinal treatment and 

spiritual ceremonial behaviors.  
According to Twenefour (1999), geophagia is associated with 

medicinal properties among people of African countries and has 

been practiced for a long time. 
 

Geissler et al. (1999) conducted a clinical descriptive study 

focusing on the habit of geophagia among pregnant women and 

selected 52 women from a district hospital in Western Kenya. 

Geissler et al. (1999) reported a high prevalence (73%) of soil 

eating among pregnant women. Additional interviews by the 

authors revealed that house walls were the source of soil. 

Geissler et al. (1999) described the feelings of participants about 

soil eating by declaring that it was considered an essential 

practice to preserve fertility and maintain reproductive ability 

among women. According to the authors (Geissler et al. 1999), it 

is prevalent in Western Kenya that soil eating is linked with 

blood disorders, the condition of the body, an illness called 

―safura,‖ and endo-parasites called ―minyolo.‖ 
 

A cross-sectional study was conducted by Geissler et al. (1998) 

on 156 primary school children in Western Kenya. Geissler et al. 

(1998) interviewed the participants about their history of soil eating. 

The authors reported a 73.1% prevalence of geophagia among 

children. They additionally commented that hemoglobin level, 

parasitic infection, and the prevalence of malaria were higher 

among soil-eating children (Geissler et al. 1998). 
 

According to Walker et al. (1997), clay consumption has been 

widespread among women during pregnancy and lactation in 

countries of southern African like Zambia, Malawi, South 

Africa, and Swaziland. Walker et al. (1997) reported 38% and 

40% prevalence of geophagia among pregnant women in urban 

and rural areas, respectively. 
 

Others (Hawass et al. 1987; McLouglin 1987) independently 

emphasized the role of starvation, poverty, and famine, which are 

highly prevalent environmental and socioeconomic conditions in 

different countries of Africa, in the pathophysiology of the habit 
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of geophagia among women and children. According to Hawass 

et al. (1987) and McLouglin (1987), clay eating serves to give a 

sense of fullness of the abdomen and satiate the poverty-stricken 

population, although it is devoid of any nutritional value. 

 

3.2.3 Prevalence of Geophagia in America 
 

In a description by Grigsby (2013), it was stated that few 

publications are available citing the consumption of kaolin by 

humans. Grigsby (2013) further suggested that it exists in natural 

deposits in a large amount around the city of Sandersville. While 

it is a pica material, kaolin is nevertheless an important 

compound with high adsorptive potential and is an ingredient in 

the medicine used for diarrhea (Grigsby 2013). In the article, 

Grigsby (2013) stated that though its ingestion is considered an 

aberrant behavior, it is frequent among African American 

women, and its use in pregnancy has been communicated by 

family members or friends. An academically relevant fact is that 

consumption of kaolin has been popular among individuals who 

undergo routine dialysis, as reported by Grigsby (2013). 
 

In the same article (Grigsby 2013), potentially harmful effects 

of kaolin were reported, including a predisposition to 

constipation, decline in hemoglobin concentration, and poor 

nutritional status among its consumers due to its interference in 

the absorption of dietary iron in the small intestine. 
 

Lopez et al. (2004) stated the difficulty of the underestimated 

reporting of geophagia among women during pregnancy. The 

authors said that its prevalence fluctuated between 8% and 65% 

during pregnancy, according to published sources of information. 

Further, it was asserted that its prevalence among Latin Americans 

ranged between 23% and 44% (Lopez et al. 2004). Additionally, it 

was conveyed that geophagia is linked to iron deficiency and 

investigation by health personnel regarding its history during 

prenatal examination is probably underachieved (Lopez et al. 2004). 
 

According to Wayne (2004), a study of the literature revealed 

that geophagia was practiced by men and women alike and was 
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common among poor populations in Southern America. This 

practice had its root in the social belief prevalent among society 

that eating clay helped men enhance their sexual stamina, while 

it relived the women during delivery from pains and associated 

complications (Wayne 2004).  
The authors conducted a convenience sampling–based cohort 

study (Simpson et al. 2000) focusing on low-income pregnant 

women in Mexico and the United States. Simpson et al. (2000) 

adopted an interview-cum-questionnaire as a tool for investigation. 

The authors categorized participants into two groups, an Ensenada 

group and a southern California group, which were based on the 

places of selection of participants by the authors. It was reported by 

Simpson et al. (2000) that 44% of pregnant women in the former 

group and 31% of women in the latter group were used to the habit 

of pica during pregnancy. The authors commented on the 

inadequate awareness among Mexican women regarding the ill 

effects of geophagia during pregnancy. 
 

Another study was conducted by Grigsby et al. (1999) on the 

practice of eating kaolin in the central Georgia piedmont area. 

Kaolin is also called white clay, and the authors executed a 

purposive study by interviewing 21 participants (Grigsby et al. 

1999) who were known to have the habit of eating kaolin. 

Grigsby et al. (1999) asserted that the behavior of kaolin eating 

was adopted by the natives as a cultural practice and was largely 

an endemic practice.  
However, pagophagia (the eating of large amounts of ice) was 

reported by Edwards et al. (1994) among African American 

women during pregnancy from an urbanized population in 

Washington, DC. Grigsby et al. (1999) reported a complete 

absence of clay eating; nonetheless, pagophagia was quoted by 

the authors as occurring in about 8.1% of pregnant women. Low 

serum ferritin levels were reported among women with pica, and 

the authors stated that the behavior was related to periods of 

stress among women in pregnancy owing to the comparatively 

smaller social circles of the women who practiced pica. 
 
 
 
 
 
 

 
9780367352868 _ C003.indd  36  28 - 08 

-  

2019  17:33:06 



 
Epidemiology of Geophagia   37 

 

3.2.4 Prevalence of Geophagia in Asia 
 

A descriptive study was conducted by Gupta (2015) on children 

between >2 and <5 years, who were selected by a two-stage 

cluster sample method from schools, anganwadi, and slums 

situated in and around the city of Fazilka in Punjab in India. The 

study comprised 440 children. Gupta (2015) reported a 

prevalence of 20.2% of soil eating among children in the 2 to 3 

years age group, while it was 1.6% among children in the >3 to 

<5 years age group. Pallor and geophagy were significantly 

associated (p < 0.0001) in participants (Gupta 2015). 
 

A descriptive cohort study was conducted by Khoushabi et al. 

(2014) across five medical care centers situated in the city of 

Zahedan in Sistan and Baluchestan Province along the eastern 

border of Iran. The authors collected information from 200 pregnant 

women through the interview-questionnaire method. The sample 

was categorized into pica and non-pica groups of women. The 

authors observed a pica prevalence of around 18% among women in 

their first trimester. Further, the authors reported that clay was a 

highly favored non-food item that was consumed by participants. 

 

3.3 AGE PREDILECTION OF GEOPHAGIA   
3.3.1 Geophagia in Children 

 
Children in the age group between 1 and 2 years have a natural 

tendency to place non-food substances in their mouths. Chatoor 

(2009) reported a 75% prevalence of the habit of placing non-food 

substances in the mouth among infants and a prevalence of 15% in 

children in 2–3 years of age. Furthermore, Coltman (1969) 

considered that the pica habit among children between 1 and 3 years 

of life is physiological. Coltman (1969) asserted that the pica habit 

beyond the age of 3 years is found in developmentally retarded 

children. Coltman (1969) estimated a prevalence of pica between 

10% and 33% in hospitalized mentally retarded children. 
 

Coltman (1969) suggested that the habit of pica might be 

prolonged up to adolescence; however, it is uncommon among 

healthy adults. 
 
 
 
 
 
 

 
9780367352868 _ C003.indd  37  28 - 08 

-  

2019  17:33:06 



 
38 Geophagia 

 

Children in the formative years are predisposed to intake of 

non-food items. Children between 18 and 24 months pass 

through an oral stage and have a natural inclination to place 

objects in the mouth and explore through their tactile sense (Ellis 

and Schnoes 2006; Broomfield 2007).  
According to Saathoff et al. (2002), as the age of children 

increases, the tendency to eat non-edibles automatically declines. 

According to Geissler (2000) and Ellis and Schnoes (2006), 

adolescents and adults are generally disinclined to the habit of 

soil eating. 

 

3.3.2 Geophagia in Adults 
 

According to Danford et al. (1982) conducted a study among 

mentally challenged adults in hospitals. They reported a 

prevalence of the habit of pica of 25.8% among mentally 

challenged adults. Danford et al. (1982) posited that low 

intelligence quotient was related to the habit of non-food pica in 

adults. Additionally, Danford et al. (1982) reported the 

occurrence of intestinal parasites and intestinal obstruction 

among adults who had the habit of non-food pica. 
 

McAlpine and Singh (1986) stated that the occurrence of pica 

beyond the age of 18 months is considered abnormal eating 

behavior. McAlpine and Singh (1986) conducted a study on 

hospitalized mentally retarded adults and reported a prevalence of 

9.2% of the habit of pica among them. The authors asserted that the 

frequency of pica was associated with the level of mental 

retardation and age of the patients. McAlpine and Singh (1986) 

found consumption of dirt, clothes, paper, toys, and grass as pica. 
 

Ashworth et al. (2009) reported the correlation of the 

psychosocial life of adults with intellectual disabilities and the 

habit of pica. They reported a prevalence of 21.8% of the habit 

of pica in intellectually disabled adults in hospitals. Ashworth et 

al. (2009) posited that lack of interest in recreational programs, 

poor family life, and poor social links were strongly associated 

with the habit of pica among intellectually disabled adults. 
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3.4 PREVALENCE OF GEOPHAGIA IN PREGNANCY   
Fawcett et al. (2016) presented data about the prevalence of pica 

(geophagia) based on interviews with women during and after 

pregnancy. Fawcett et al. (2016) reported the highest prevalence 

(44.8%) of pica among women during and after pregnancy in 

Africa. Additionally, prevalences of pica of 23% and 17.5% were 

reported in North and South America and Eurasia, respectively, 

during pregnancy and post-partum by Fawcett et al. (2016). 
 

The ingestion of earth-like substances like clay and soil by 

women is intimately linked to pregnancy, particularly in India and 

African countries. This habit of soil eating has been considered to 

overcome the symptoms of nausea and vomiting, which are 

prominent during the first trimester of pregnancy among women 

(Knishinsky 1998; Hunter 2003; Luoba et al. 2004; Grigsby 2004). 
 

According to Woywodt and Kiss (2002), pregnant women in 

urban areas in South Africa often viewed soil eating favorably 

for the development of a baby with a fair complexion. 

Consequently, this habit of soil eating is passed down from the 

mothers to their children owing to its cultural, social, and 

familial background (Vermeer and Frate 1979). 
 

Geissler et al. (1999) conducted a clinical study in a hospital in 

the Kilifi district in Kenya. Geissler et al. (1999) had observed a 

high prevalence of geophagia among pregnant women. They 

selected 52 pregnant women from the same hospital in Kenya and 

interviewed them about the habit of soil eating and its related ill 

effects on their health. Geissler et al. (1999) found that about 

two-thirds of the selected women consumed soil regularly. 

Ingested soil was taken from the walls of their houses. Geissler et 

al. (1999) reported a strong correlation between soil eating and 

the occurrence of iron deficiency and anemia among pregnant 

women. It was posited by Geissler et al. (1999) that soil eating in 

pregnancy is linked to reproductive power. The habit of soil 

eating was linked to their traditional knowledge about blood, 

pregnancy, and fertility. 
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Roselle (1970) and Crosby (1976) reported the prevalence of 

soil eating among pregnant women in the Southern states of the 

United States. Roselle (1970) and Crosby (1976) reported the 

intake of corn starch, clay, and baking soda, and it was posited 

by the authors that non-food substances might be helpful in the 

prophylaxis of nausea and vomiting in pregnancy, and were 

considered necessary for giving birth to healthy babies. 
 

Ngozi (2008) reported ingestion of pebbles or rock (lithophagia) 

in Kenya. It was practiced by pregnant women and non-pregnant 

women, as reported by the author (Ngozi 2008). Pregnant women 

procured stones that were soft enough to be masticated with the 

teeth. These stones were termed ―odowa.‖ Ngozi (2008) indicated 

that it is customary in Kenya in local tribes to practice odowa and 

that it helps women maintain vigor and health during pregnancy. 
 

According to a report by Mawathe (2008), pregnant women 

have a tendency to eat coal, soap, and gherkins. Mawathe (2008) 

reported pregnant women with an irresistible desire to eat soft 

stone, which is termed odowa in Kenya. These stones were 

commercially available in the Gikomba market in Nairobi, as 

told by the author (Mawathe 2008). The author described the 

stone sellers who were in contact with pregnant women for the 

sale of odowa. Additionally, the same report by Mawathe (2008) 

mentioned the narrative of a nutritionist named Ndong Alice, 

who described odowa as tasteless. She discussed in the report 

(Mawathe 2008) the ill effects of the habit of eating odowa. She 

stated that incessant eating of stone could injure the kidneys and 

liver without concomitant intake of a sufficient amount of water. 

 

According to a report published in The Hindu (2015), a reference 

was given to women in the second trimester of pregnancy in 

Hyderabad, a city in India, who indulged in eating purified soft 

limestone, which was commercially sold in grocery shops in the 

city. This practice, as mentioned in the report, was a custom among 

pregnant women wishing to deliver a fair-skinned baby. 
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Another type of lithophagia is in the form of soft yellow stones called 

―khadi‖ that were sold in the market by traders across cities like Bidar 

in Karnataka, according to a report (The Hindu 2015). It was further 

mentioned in the report (The Hindu 2015) that pregnant women 

belonging to such diverse religious communities as Jain, Marwari, 

Telugu, and Muslim were in the habit of eating khadi stones. 

 

3.5 ETHNIC, CULTURAL, AND 

RACIAL BASIS OF GEOPHAGIA   
Although no specific data exist regarding the racial predilection of 

pica, the practice is reported to be more common among certain 

cultural and geographic populations. For example, geophagia is 

accepted culturally among some families of African lineage and is 

reported to be problematic in 70% of provinces in Turkey. Ethnic 

differences and societal norms concerning geography, sociocultural 

factors, and developmental considerations are all significant in 

determining pica. Demographic information reveals that pica has 

been associated with diets that are low in iron, zinc, and calcium 

compared with a balanced, controlled diet. 

 

Incessant urge for non-food substances is not constrained by 

any race, religion, tribe, socioeconomic status or gender. It is 

prevalent among children, pregnant women, developmentally 

disabled individuals and adults. (Erick 2012: 363) 
 

Moreover, potential predisposing factors for geophagia 

include mental retardation, neurological lesions of the 

brain and psychiatric disorders. (Ellis and Pataki 2012) 
 

The author hypothesizes that actual data on the 

prevalence of geophagia are unavailable. Patients are 

reluctant to reveal the habit of clay eating. Thus, the 

detrimental habit goes unnoticed. The habit is accorded a 

social stigma, and this dissuades patients from publicly 

admitting to the aberrant eating habit. 
 
 
 
 
 
 
 
 

 
9780367352868 _ C003.indd  41  28 - 08 

-  

2019  17:33:06 



 
42 Geophagia 

 

3.6 SUMMARY   
DD The geophagia prevalence rate is hard to predict owing to 

multiple factors that intervene in the estimation of geophagia. 
 

EE Fawcett et al. (2016) compiled a result of a total of 70 

studies and reported that the prevalence of geophagia and 

pica was 27.8%. 
 

FF Fawcett et al. (2016) posited that the prevalence of 

geophagia and pica could increase concomitant with an 

increase in anemia and could fall in proportion to rising 

awareness and education in society. 
 

GG Geissler et al. (1998b,c), Nchito et al. (2004), and 

Hartmann et al. (2012) reported the prevalence of pica in 

school children as 77% in the African subcontinent. 
 

HH Marchi and Cohen (1990) and Hartmann et al. (2012) 

reported the absence of pica and geophagia habits in children 

older than 2 years of age in the United States. Ivascu et al. 

(2001) and Hartmann et al. (2012) stated that around 33.9% of 

children in a Detroit hospital practiced pica; they came to the 

hospital for treatment of sickle cell anemia. 
 

II Geissler et al. (1998), Young et al. (2010), and Hartmann et 

al. (2012) reported a prevalence of geophagia in pregnant 

women between 5% and 56% in the African subcontinent. 
 

JJ Hartmann et al. (2012) and Rainville (1998) reported a 

negligible prevalence, around 8%, of pica in pregnant 

women in the United States. 
 

KK The prevalence of geophagia (pica) has been mentioned 

by thinkers, physicians, and travelers across the world. 

Geophagia is the most frequent type of pica among 

populations surviving in extreme poverty, humans living in 

the tropics, and tribal populations (Dickens and Ford 1942). 
 
 
 
 
 
 
 
 
 
9780367352868 _ C003.indd  42  28 - 08 

-  

2019  17:33:06 



 
Epidemiology of Geophagia   43  

 

Geophagia is an enigmatic worldwide health problem that 

debilitates the nutritional status, behavior, cognitive 

processes, and intellectual capability of the affected 

individuals. 
  

Ngole et al. (2010), in their study, described the 

universality of the practice of geophagia across continents. 

It has been reported in countries of the African continent, 

namely South Africa, Tanzania, Zimbabwe, Cameroon, 

Nigeria, Swaziland, and Uganda (Vermeer 1966; Hunter 

1973; Abrahams and Parsons 1997). 
  

In the writings of Clinton (2009) and in Wikipedia (2017), 

the plight and survival needs of populations have been 

mentioned. 
  

In 1878, Richard made a journey to Shanxi. An excerpt from his 

diary said, ―That persons shut down houses, trade on wives and 

their daughters, survive to eat roots, carrion, clay and leaves is 

the condition that nobody denies …‖ (Thompson 2009). 
  

Kaolin is consumed in Africa, which might be cultural or a 

need to have a feeling of satiety among the poor. Kaolin, 

according to a report by BBC News (2016), is 

commercially available for consumption in the markets of 

Cameroon. Its intake is higher among women during 

pregnancy (BBC News 2016; Wikipedia 2017). 
  

Abrahams (1997) and Njiru et al. (2011) commented on the 

amount of clay consumption among pregnant women in 

African countries. Pregnant women used to consume a 

quantity of soil that was equivalent to 14% of the dose of 

iron that was needed per day in pregnancy (Abrahams 

1997; Njiru et al. 2011). 
  

Furthermore, Njiru et al. (2011) described the variation in the 

incidence of geophagia in relation to trimesters in pregnancy. 

Njiru et al. (2011) cited the works of Geissler et al. (1998), 
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Luoba et al. (2004), and Nyaruhucha (2009) and their 

discussion that the prevalence of geophagia was nearly 

44% in the first trimester, while it was only 5.4% in the 

third trimester, and hence concluded its highest occurrence 

was in the former trimester of pregnancy. 
 
 

Data were collected by Shivoga and Moturi (2009) through 

the interview and observation methods. The authors 

gathered information related to diarrhea frequency, 

sanitation, and the habit of geophagia. They reported a 

prevalence of 37% of geophagia among in children under 5. 
 
 

According to Geissler et al. (1999), it is prevalent in 

western Kenya that soil eating is linked with blood 

disorders, the condition of the body, an illness called 

―safura,‖ and endo-parasites called ―minyolo.‖ 
 
 

According to Walker et al. (1997), clay consumption has 

been widespread among women during pregnancy and 

lactation in countries of southern African like Zambia, 

Malawi, South Africa, and Swaziland. Walker et al. (1997) 

reported a 38% and 40% prevalence of geophagia among 

pregnant women in urban and rural areas, respectively. 
 
 

A descriptive study was conducted by Gupta (2015) on children 

between >2 and <5 years of age, who were selected by a two-

stage cluster sample method from schools, anganwadi, and slums 

situated in and around the city of Fazilka in Punjab in India. The 

study comprised 440 children. Gupta (2015) reported a 

prevalence of 20.2% of soil eating among children 2 to 3 years of 

age, while it was 1.6% among children in the >3 to <5 year age 

group. Pallor and geophagy were significantly associated (p < 

0.0001) in participants (Gupta 2015). 
 
 

Children in the age group between 1 and 2 years have a 

natural tendency to place non-food substances in their 

mouths. Chatoor (2009) reported a 75% prevalence of the 
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habit of placing non-food substances in the mouth among infants 

and a prevalence of 15% in children 2 to 3 years of age. 
  

McAlpine and Singh (1986) stated that the occurrence of 

pica beyond the age of 18 months is considered abnormal 

eating behavior. McAlpine and Singh (1986) conducted a 

study on hospitalized mentally retarded adults and reported 

a prevalence of 9.2% of the habit of pica among them. 
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C h a p t e r  4 
 
 
 

Etiology of Geophagia 
 
 
 
 
 
 
 
 
 

 

4.1 INTRODUCTION   
It is not an exaggeration to say that the habit of geophagia 

coincides with the history of mankind. It has worldwide 

prevalence and longstanding persistence across several human 

generations. The habit of geophagia has been described by many 

writers in their manuscripts. Nevertheless, these references are 

highly fragmented and deliver abstruse illustrations concerning 

the age, gender, and occupation of individuals eating non-foods. 

Additionally, the descriptions in ancient texts about the type and 

quantity of ingested clay are insufficient to draw fruitful 

conclusions. Moreover, depictions of geophagia in the literature 

are supplemented with insufficient and dissenting evidence about 

the predisposing factors for geophagia and marked with 

disagreement among various thinkers about uniform criteria for 

the diagnosis of geophagia and its effects on human body tissues. 

The ancient postulations about geophagia are silent concerning 

universally acceptable interventional measures to terminate the 

habit of geophagia. 
 

Plausible causative factors that have been put forward by 

various thinkers are described in the present section of this book. 

 
 

51  
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4.2 MICRONUTRIENT DEFICIENCY  
 

Micronutrients are elements that are required by 

organisms in trace amounts essential to sustain normal 

growth and development (UNICEF 2017; WHO and 

FAO 2004). In the human body, the daily requirement of 

micronutrients is less than 100 mg (Gernand et al. 2016). 

Micronutrients include iron, iodine, zinc, selenium, 

magnesium, manganese, and vitamins (USDA 2017). 

 

Micronutrients are wonder elements that are essential for 

biosynthesis of hormones, enzymes, macromolecules, and 

nucleic acids in the bodies of organisms (WHO 2017a). 

 

The micronutrient deficiency hypothesis states, 

―Inadequacy of micronutrients is the prime etiological 

factor for the arousal of physiological need that intensely 

motivates affected individuals to fulfill micronutrient 

deficiency by adapting an aberrant behavior related to 

eating of soil, clay, or any other earth-related non-food 

substances.‖ 

 

A conceptual framework linking micronutrient deficiency and 

clay eating has been suggested by the author that encompasses 

five elements. 

 

LL Increased Physiological Need for Micronutrients: Pregnancy 

is a physiological period of life for women in the reproductive 

age group. It is characterized by vast physiological and 

metabolic changes in a woman‘s body (Mridula et al. 2003). 
 

The most significant change is the increase in plasma volume 

(Ladipo 2000), which is further associated with a decrease in 

the quantity of micronutrients and albumin in plasma (Cross et 

al. 1995). The deficiency of micronutrients in pregnant 
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women is further aggravated in cases where dietary intake 

is poor, especially in poor populations in remote places, 

villages, the tribal belt, and nomadic people residing in 

developing and developed countries as in Figure 4.1 

(Ladipo 2000; Black 2001). 
  

According to Darnton-Hill and Mkparu (2015), the 

requirement for micronutrients is increased in pregnancy. 

Micronutrients are used to fulfill the elevated metabolic 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

FIGURE 4.1 Conceptual framework of micronutrient deficiency 

hypothesis. 
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demands of the body in pregnant women and are essential 

to fulfilling the nutritional requirements of the growing 

fetus. 
 

According to IFPRI (2014), it was estimated that around 

2 billion people, including pregnant women and preschool 

children, were suffering from acute deficiency of 

micronutrients. 
  

Inadequate Quantity and Poor Quality of Diet: 

Micronutrient deficiency is a major health hazard that 

affects a large population of women in pregnancy (Gernand 

et al. 2016) and growing children (Bhan et al. 2001). It is 

desirable to consume a balanced diet including different 

edibles selected from diverse food groups. It is necessary to 

supply essential nutrients for the body (Wasantwisut 1997). 
 

Dietary adequacy is the intake of macronutrients and 

micronutrients in compliance with the recommended daily 

allowance (Dhonukshe-Rutten et al. 2013). A balanced diet 

is essential to fulfill the physiological and metabolic 

demands of the body for optimal growth and development 

as in Figure 4.1 (Gupta 2015). It is noteworthy that the 

quantity of a particular nutrient is variable. A nutrient in a 

higher quantity could be injurious to body tissues (Robert 

2013); for example, sodium is an important mineral of 

extracellular fluid and its intake exceeding the 

recommended daily allowance could predispose a person to 

hypertension. Gupta (2015) suggested that adequacy of diet 

is necessary to prevent deficiency disorders, systemic 

disorders, and malnutrition among children and adults. It is 

difficult to predict the exact adequacy of a diet for every 

individual (NRC 1986). Moreover, inadequate quantity in 

the diet is unable to furnish the requisite calories and 

minerals to the human body. Therefore, inadequacy of diet 

is responsible for deficiency of calories and micronutrients. 
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Further, adequacy of food quality is another important 

paradigm to prevent deficiency of micronutrients in the 

body. Food quality is the characteristics of the food that are 

agreeable to consumers and enhance the palatability of food 

(USDA and NIFA 2019).  
According to FAO (2005), food quality represents the 

texture and nutritional value of food. It depends on 

selection of food items from particular food groups, such as 

the selection of protein from animal sources, which 

provides a better quality of protein in comparison to plant 

sources; according to Vliet et al. (2015), plant-source 

proteins have less digestibility than animal-source proteins. 

The authors found that intake of proteins like wheat and 

soy from plants provided less muscle protein synthetic 

response than proteins from animals. Therefore, poor food 

quality is the cause of deficiency of calories and essential 

minerals in the body. 
  

Micronutrient Deficiency or Hidden Hunger: Poverty 

leading to insufficient procurement of food for the family 

(Zalilah and Ang 2001; Zalilah and Tham 2002), natural 

calamity (Artur and Hilhorst 2014), state policy resulting in 

inadequate food storage (FAO 2019) for the population, 

and famine are the major factors that are responsible for 

starvation and hidden hunger. According to WHO (2017), 

hidden hunger is the consequence of prolonged intake of a 

low-quality diet (Thompson and Amoroso 2014), which is 

detrimental to the growth and development of body. The 

World Health Organization (2017) estimated that about 2 

billion people suffer from micronutrient deficiency. The 

condition was worse among pregnant women and preschool 

children owing to an increase in the physiological demand 

for micronutrients in the body during pregnancy and 

lactation in women and in formative age groups in children 

as in Figure 4.1 (Katz 2008; Christian 2010). 
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Consequently, mineral deficiency in the body of an 

individual is a strong physiological drive and 

therefore has been postulated as the key functional 

drive for geophagia among pregnant women and 

preschool children. (Castro and Boyd-Orr, 1952) 
 
 

Motivation and Urge for Clay Eating: According to 

Maslow‘s hierarchy of needs, motivation is necessary to 

achieve one‘s needs in order to have a healthy body and 

mind. The theory postulates five levels of human needs, 

which are called the hierarchy of needs. 
 

According to the theory, it is essential to fulfill one‘s basic 

needs like hunger, sex, and thirst, which are represented by the 

lowest level of the five-level model of needs (Maslow 1943). 

This determines a person‘s behavior. It is necessary for the 

survival of the human race. Inability to achieve any one of the 

basic needs strongly motivates and molds the behavior of a 

person for the accomplishment of the need. 
 

It is hypothesized that nutritional deficiency in 

preschool children and pregnant women is the 

strong motivational force that drives them to adapt 

to indiscriminate eating patterns. 
 

The reward system is the assembly of neuronal structures in 

the brain that are implicated in reward behavior that is 

composed of motivation, incessant desire, strong craving, 

and reward (Schultz 2015). This behavior is also associated 

with positive reinforcement, conditioning, and pleasure-

seeking motive or to achieve a state of euphoria (Berridge 

and Kringelbach 2015). 

 

Dopaminergic pathways are the neuronal networks that 

connect one portion of brain with another. They are composed of 

axons of dopaminergic neurons in the brain. There are three 

main types of dopaminergic pathways: nigrostriatal, mesolimbic, 
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and mesocortical pathways. The mesolimbic pathway is 

primarily implicated in reward behavior. The cell bodies of the 

mesolimbic pathway are located in the ventral tegmental area at 

the floor of the midbrain (Malenka et al. 2009). The axons 

descend from the ventral tegmental area to the ventral corpus 

striatum, which is located in the forebrain. The ventral corpus 

striatum is the chief component of the reward system of the brain 

(Yager et al. 2015). It is composed of the nucleus accumbens and 

olfactory tubercle (Ferré et al. 2010; Taylor et al. 2013). 
 

Dopamine is discharged from dopamine neurons, and it binds 

to dopamine receptors D1 and D2 in the brain (Tritsch and 

Sabatini 2012). Dopamine is the key neurotransmitter 

responsible for reward behavior (Calabresi et al. 2014), 

reinforcing behavior, conditioning, and memory. 
 

The dopaminergic system is also incriminated in the 

pathogenesis of diseases like depression, schizophrenia, 

Huntington disease, Parkinson disease, and addiction to 

chemicals (Kravitz et al. 2010; Hyun and Antonio 2012).  
Moreover, aberrant behavior like geophagia could be related to 

decreased dopaminergic activity in the brain. A study was 

conducted by Youdim et al. (1983) on rats wherein iron deficiency 

was induced. Youdim et al. (1983) observed that iron deficiency 

was responsible for a decrease in dopamine to dopamine receptor 

binding sites in the brains of the experimental rats. This activity 

materialized into a corresponding reduction in dopaminergic 

activity in the brain (Youdim et al. 1983). The authors suggested 

that it could lead to diminished dopaminergic activity in the brain of 

experimental rats. Further, Youdim et al. (1983) mentioned that the 

findings in dopaminergic activity in experimental rats with induced 

iron deficiency were similar to observations in animal models that 

were treated with psychotropic drugs. 
 

Youdim et al. (1983) pointed out that dietary iron deficiency 

could cause impairment in the synthesis of protein in the brain. It is 

the basis of a reduction in the number of dopamine receptors and 

dopaminergic activity that in turn could predispose one to altered 
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behavior and psychiatric disorders in children with a nutritional 

iron deficit (Youdim et al. 1983, 1984).  
Further, Beard et al. (1994), Bianco et al. (2008), and Unger et 

al. (2014) posited that dietary iron deficiency could impair 

dopaminergic neurotransmission, which could lead to reduced 

functioning of dopamine transporters and dopamine receptor D2 

in the ventral corpus striatum. 

 

Conclusion  
Therefore, it is speculated that diminished dopaminergic 

activity in the brain is manifested as altered eating 

behavior. 

 

Dopamine has an important role in motivation, behavior 

reinforcement, learning, distinguishing between good and bad 

things, and performing good things to achieve pleasure and avoid 

pain (Montague et al. 1996). 
 

According to Schultz (1998), dopaminergic neurons in the 

ventral tegmental area, nucleus accumbens in the midbrain, are 

actively responsible for reward and reinforcing behavior. A 

stimulus like drinking water and palatable food elicits high 

dopaminergic activity in the brain, and the phenomenon is called 

phasic bursts in the midbrain. The author postulated that neurons 

show phases of activation and depression following stimuli that 

ensure reward. 
 

Therefore, appetite motivates an individual to hunt for and 

procure food and achieve satiety, a sense of reward. Hence, this 

behavior becomes reinforced. During a deficiency of micronutrients 

in body, which is also called hidden hunger, the individual is 

apparently not hungry, but the bioavailability of minerals like iron, 

calcium, and zinc is compromised in the body. 
 

Hidden hunger motivates an individual voraciously to fulfill the 

physiological need for minerals. The individual compulsively engages 

in the eating of clay, soil, or plaster in order to achieve a reward or 

sense of satiety. Later on, altered eating behavior becomes 
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conditioned. It might be an adaptive response to micronutrient 

deficiency.  
A deficiency of vitamin A and trace minerals like iron and 

iodine in the body is mainly responsible for hidden hunger 

(UNICEF 2017). 
 

It might be concluded that nutritional iron deficiency and the 

resulting iron deficit in the brain might be responsible for 

decreased protein synthesis and hence a reduction in the number 

of dopaminergic receptors. The condition is linked to diminished 

dopaminergic activity in the midbrain. Otherwise, dopamine is a 

neurotransmitter that is necessary for reward-expecting behavior, 

motivation, learning, and behavior reinforcement. 
 

Altered eating behavior might be linked to diminished 

dopaminergic activity. Additional research is warranted to reach 

a final conclusion. 
 

4.2.1 Descriptive Evidence 
 

A study by Gregory (1995) described that dietary iron intake 

among preschool children with geophagia was low. Another 

study by James (1989) observed that preschool children suffered 

from iron deficiency and anemia. 
 

The active growth period among preschool children has a high 

physiological demand for minerals. This becomes a strong 

motivation for a few predisposed children to indulge in the 

practice of clay eating (Singhi et al. 2003). 
 

A study by Johnson (1990) was conducted in Western 

countries among patients who were addicted to the habit of pica. 

Johnson (1990) reported the highest prevalence of iron 

deficiency in patients with a pica habit, which in turn could be 

associated with iron-deficiency anemia or not. Moreover, 

Johnson (1990) asserted that the habit of pica was observed in 

around 50% of patients with an iron deficiency. 
 

Sugita (2001) commented that pica consumers have the 

highest prevalence of deficiency of micronutrients like iron, 

calcium, and zinc in the body. 
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Crosby (1976) was a strong proponent of the functional hypothesis 

of geophagia and stated that pica is the clinical manifestation of an iron 

deficiency in the body of an individual and is directly related to 

reduction in total body iron stores. Additionally, Crosby (1976) posited 

that geophagia is not the direct outcome of anemia. Further, the author 

stated that pica is highly uncommon in anemia other than iron-

deficiency anemia. Moreover, Crosby (1976) posited that pica is 

terminated after iron replacement is instituted. 
 

Johnson (1990) could not put forward an explanation for a 

relation between iron deficiency in the body and an abnormal 

eating tendency. The author suggested that iron is an important 

constituent of digestive enzymes, and a reduced iron store might 

be implicated in abnormal behavior to fulfill iron needs through 

delinquent eating behavior.  
Again, pica is also associated with a deficiency of zinc in the 

body, apart from iron deficiency. Therefore, absolute iron 

deficiency is not the cause of geophagia.  
Cavdar et al. (1983) and Zedlitz (2010) have stated their views 

that geophagia is a reactive response to physiological demands 

during pregnancy, lactation, and childhood, wherein the 

requirement for micronutrients is higher. 
 

4.2.2 Clinical Trials 
 

A case was reported by Barton et al. (2016) in which the patient 

was a woman in the middle age group and a resident of Mumbai, 

India. The patient had a strong desire to eat uncooked basmati 

rice. Barton et al. (2016) found that the patient suffered from 

fatigue, loss of hair, and pallor. The authors observed microcytic 

anemia and deficiency of iron after laboratory investigation. 

Barton et al. (2016) managed the patient with an intravenous 

administration of iron. It was reported by the authors that the 

habit of pica was discontinued after the initial dose of iron. 
 

A similar case of eating uncooked rice was reported by Barton 

et al. (2016). The patient was from Karachi, Pakistan, and was a 

middle-aged woman. She was lethargic, with defective growth of 
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nails, and had a feeling of giddiness, as observed by the authors. 

After examination, Barton et al. (2016) found that the patient 

suffered from pallor and had microcytic anemia. She was treated by 

the authors through administration of iron supplements, and she 

recovered from the habit of pica successfully (Barton et al. 2016). 
 

Additional clinical evidence was provided by Rwegerera et al. 

(2015). The patient was a primary school–going boy. Rwegerera 

et al. (2015) narrated symptoms of headache, giddiness, and 

palpitation in the boy. He belonged to a poor family. Rwegerera 

et al. (2015) observed a history of clay eating, severe anemia, 

and poor intake of food for the past 2 years. After laboratory 

investigation, Rwegerera et al. (2015) noted that the boy‘s 

hemoglobin level was 2.9 g% and total iron was 13.3 mmol/L.  
Rwegerera et al. (2015) recommended hospitalization; the boy 

underwent a transfusion of blood and was administered iron 

supplements. The boy dropped the habit of clay eating after 

treatment for the next 6 months. 

 

4.2.3 Evidence against Micronutrient Deficiency 
 

Ingestion of clay and soil damage the mucosa of the alimentary 

canal. This leads to inflammation of the mucosa, which impairs 

its absorptive capability; this condition is called environmental 

enteropathy (Campbell et al. 2003a,b). This hypothesis states 

that geophagia is the cause of malabsorption syndrome and 

mineral deficiency among children.  
A contrasting view was put forward by Johns and Duquette 

(1991), Horner et al. (1991), and Hooda et al. (2002). According 

to them, ingestion of clay and other constituents of soil enter the 

gut and interfere with the absorption of dietary micronutrients by 

chelating them. Hence, absorption of micronutrients like iron and 

zinc is obstructed, which in turn manifests as mineral deficiency. 
 

Arcasoy et al. (1978) studied iron absorption between two 

groups of children. The authors observed that iron absorption 

was slower among children who practiced geophagia in contrast 

to children in the control group. 
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Another case of geophagia was reported by Cavdar et al. 

(1983) among Turkish children and women who resided in 

villages. These individuals practiced clay eating. Children and 

women presented symptoms of growth retardation and delayed 

puberty. Cavdar et al. (1983) estimated serum concentration of 

zinc and iron and found decreased concentrations of both iron 

and zinc in the sera of children and women. 
 

Cavdar et al. (1983) conducted oral absorption tests of zinc 

and iron in the presence of clay and without its presence. It was 

observed by the authors that clay interfered in the absorption of 

iron and zinc, and the authors postulated that Turkish clay 

inhibits absorption of iron and zinc, resulting in a deficiency 

disorder with myriad manifestations. 

 

4.2.4 Critical Analysis 
 

The micronutrient deficiency hypothesis incorporates two 

contrasting viewpoints about the etiopathogenesis of geophagy. 
 
 

The studies conducted by Castro and Boyd-Orr (1952), 

Crosby (1976), Johnson (1990), Gregory (1995), and 

Singhi et al. (2003) suggest that geophagia is the effect of a 

deficiency of micronutrients in the body of a patient that 

drives a strong urge to fulfill the deficiency through altered 

eating behavior. 
  

Moreover, Arcasoy et al. (1978), Horner et al. (1991), Johns 

and Duquette (1991), Hooda et al. (2002), and Campbell et al. 

(2003) conversely stated that geophagia is the cause of 

inflammation of the gut mucosa. Moreover, geophagia 

predisposes one to decreased solubility of iron and other 

minerals in the lumen of the small intestine, which leads to 

diminished absorption of dietary minerals. Therefore, 

geophagia is the cause of mineral deficiency in the body. 
  

It is highly disputative to reach a conclusion on the etiology 

of geophagia. Furthermore, it could be inferred that 
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geophagia might start due to mineral deficiency, which 

later on exaggerates mineral deficiency through multiple 

mechanisms; hence, acute mineral deficiency might 

reinforce the behavior of the individual (Lacey 1990; Brand 

et al. 2009a). 

 

4.3 PSYCHOLOGICAL STRESS  
 

This hypothesis asserts that pica is a psychopathological 

disorder that arises in response to either external or 

internal psychological stress stimuli. 

 

Psychological stress is a state of tension that arises owing to an 

imbalance between extraordinary demands and the ability of an 

individual to cope with those demands. It is manifested in terms 

of physiological and emotional disturbances in an individual 

upon anticipating a situation where the expectations surpass the 

coping strategies. 

 

Psychological stress can be defined in terms of stimulus 

as an external (environmental) event, which can trigger a 

cascade of physiological reactions in the human body. 
 

Psychological stress can also be defined in terms of 

response, as the complex physiological reactions of the 

body in response to hostile stimuli. 
 

Hans Selye (1956) defined stress as the non-specific response 

of the individual‘s body to any external stimulus. The author 

posited that stress can be positive when the stimulus brings 

about an improvement in the performance or productivity of 

an individual. Such a stress is called eustress. 
 

Furthermore, Selye (1956) suggested that stress can be 

negative when the stimulus brings about a decline in 

either performance or productivity or creates 

psychological problems. Such a stress is called distress. 
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4.3.1 Descriptive Evidence in Favor of the Hypothesis 
 

Blinder et al. (1988) observed the parent-child relationship to 

comment on the cause of the geophagia habit in children. They 

reported mal-aligned parent-child relations as the etiological 

basis of geophagia in children. Blinder et al. (1988) described 

emotionally deprived children as being more susceptible to the 

habits of geophagia and pica.  
Goldstein (1998) reported an female African American patient 

of 33 years of age who had the habit of pica. Goldstein (1998) 

described that the woman had suffered loss and embarrassment 

in her life, and explained that the practice of pica in the woman 

was a consolation for the psychological trauma she had suffered 

in the past.  
Edwards et al. (1994) and Cooskey (1995) reported a strong 

relation between pica and psychological stress among pregnant 

women. The authors described how the eating of ice cubes by 

pregnant women helped to relive stress. Rose et al. (2000) 

posited that pagophagia was linked to a narrow social support 

system and shrunken social lineage. The author described 

pagophagia as a compensatory mechanism for poor social 

associations that helped relive stress. 
 

Geophagia and pica among adults is a result of mental retardation 

and psychiatric disorders (Bhatia and Gupta 2009). According to 

Hunter (2004), the American Dietetic Association considers 

geophagia a behavioral disorder. Persons with developmental 

disabilities are more inclined to the habits of pica and geophagia. 
 

Geophagia is a perverted dietary behavior and requires 

psychoanalysis and psychotherapy to control it (APA 2011).  
A descriptive study was conducted by Singhi et al. (1981) on a 

total of 100 children to assess the effect of psychological stress on 

the habit of geophagia. The authors assigned 50 children with iron 

deficiency and the habit of geophagia to one group, whereas the 

other assigned group had another 50 children who were anemic 

(Singhi et al. 1981), but did not have the habit of geophagia. It was 

observed by Singhi et al. (1981) that children with the habit 
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of geophagia suffered from higher levels of stress in comparison 

to the group of children without the habit of geophagia. Singhi et 

al. (1981) posited that divorce of parents, deprivation of parental 

care, poor family structure, child abuse, and insufficient parental 

care of children were the predisposing factors for stress and were 

intimately related to the habit of geophagia among children.  
Another study was conducted by Bithoney et al. (1985) in 

preschool children that was related to the effects of family stress 

on the habit of geophagia. The authors prepared an interview 

schedule covering factors like family stress, family structure, 

child temperament, social responsiveness of the child, and 

parental attitude as representative of family stress. The authors 

interviewed hospitalized children and their parents. Overall, it 

was concluded by Bithoney et al. (1985) that the practice of 

geophagia was associated with family stress. 
 

Edwards et al. (1994) asserted that the habit of pagophagia 

(―pagos‖ means frost) is a reinforcement behavior that is 

intended to cope with psychological stress. Unhealthy social 

interaction, according to Edwards et al. (1994), is the cause of 

stress that could predispose one to the habit of pagophagia. 
 

According to the APA (2011), in Western psychology, general 

pica behavior is considered a psychopathology requiring 

intervention. Pica is typically associated with high levels of 

stress, anxiety, depression, and developmental disorders 

(Danford et al. 1982; Stiegler 2005; Stroman et al. 2011). 

Cravings for substances, in some instances, are comparable to 

those for opium and alcohol, with consumption alleviating 

psychological discomfort (Edwards et al. 1994, Young 2011). 
 

4.4 HUNGER HYPOTHESIS  
 

This hypothesis describes the habit of geophagia on the 

basis of the hunger drive in humans. Poverty, hunger, and 

starvation are the motivational forces to eat earth 

substances like clay, soil, and kaolin in the absence of 

adequate food sources in order to achieve a sense of satiety. 
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Pica is frequently practiced in regions experiencing starvation 

and poverty, leading to intake of non-foods to reduce hunger 

(Hawass et al. 1987). 
 

4.4.1 Descriptive Evidence in Favor 
 

Young (2010) differentiated between a feeling of hunger and an 

intense urge for earth eating and posited that persons have been 

observed eating clay even after having had a full meal. Further, a 

proponent of the hunger hypothesis (Bourne 2008) mentioned 

that non-food substances could relieve hunger pangs. According 

to this theory, some individuals are addicted to amylophagia 

(starch eating), where a person consumes lot of starch to achieve 

satiety that could provide calories to body. 
 

Therefore, the hunger hypothesis requires further research to 

answer the pathogenesis of geophagia.  
According to a blog (Chokhi Dhani 2014), the battle of 

Haldighati forced Maharana Pratap and his family members to 

take shelter in a forest. The royal family had to feed upon 

preparations made from grass stems.  
Another explanation of geophagia on the basis of the hunger 

hypothesis was provided by Bateson and Lebroy (1978) in their work 

on Aboriginals who practiced geophagia. The authors posited that clay 

consumption was neither attributed to pregnancy nor iron-deficiency 

anemia or perverted appetite. Possibly, according to the authors, the 

habit of geophagia was attributed to hunger, which reinforced their 

behavior to seek pleasure through clay consumption. 

 

4.4.2 Critical Analysis of Hypothesis 
 

On the basis of the above-cited evidence, it can be assumed that 

eating of non-food items becomes essential in hunger for 

survival. Possible assertions can be put forward as follows: 
 
 

Individuals consume non-food items in the absence of food 

scarcity. 
  

Individuals practice geophagia (pica) to satisfy hunger.  
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Geophagia (pica) is practiced by individuals voluntarily in 

food scarcity conditions; nevertheless, the practice is 

discontinued after the availability of foods increases. 
  

In food scarcity, whatever is available, food or non-food, 

becomes the choice of affected individuals. 

 

According to Corbett (1988), Butterley and Sheperd (2010), 

and Hadley and Crooks (2012), food insecurity motivates people 

to search for fodder that is widespread in the region and not 

eaten during periods of food sufficiency. The fodder fulfills the 

necessity of foods in adverse conditions. 
 

According to author (Ray 2002), spiders fried are eaten in 

regions of Cambodia. According to Corbett (1988), Moser (1996), 

and Hadley and Crooks (2012), a food scarcity–afflicted population 

searches for foods that might be less nutritious, easily available, and 

cheaper, or for non-nutritious foods in place of vitamin-rich foods. 
 

According to Corbett (1988) and Shipton (1990), food-

insecure populations are compelled to consume proscribed foods, 

which can be termed famine foods. This practice is prevalent in 

times of food adversity. 
 

According to Morton (1953), throughout the Battle of Bataan, 

in the Philippines, the population consumed meat of dogs, 

monkeys, and monitor lizards because of the reduced supply of 

food items in World War II.  
The origin of this dietary habit is unclear; however, it is posited 

that the habit of eating stigmatized food might have originated 

during times of food scarcity in the rule of the Khmer Rouge. 
 

According to Yves and Dechassa (2000), the buds and berries 

of the flower Capparis spinosa are considered famine foods in 

the drought-hit areas of southern Ethiopia. 
 

4.5 CULTURE HYPOTHESIS   
According to the Cambridge English Dictionary, culture is the 

lifestyle adopted by a localized group of people, particularly the 

customs and beliefs at a specific point in time (CED 2017). 
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A famous anthropologist, Taylor, said that culture is a complex 

entity that encompasses knowledge, law, customs, beliefs, and any 

additional habit that is learned by an individual in a society. 
 

According to Paul et al. (2015), culture is a social trait that 

underlines certain habits, practices, and discourses, which becomes 

the matrix for coherence and incoherence of social life over time. 
 

Geophagia in certain societies of world still persists as a 

culture. The practice has its roots in the traditions, rituals, and 

religion of that society. Culture-motivated geophagia exhibits 

differences in comparison to geophagia practiced by children in 

the formative years of life and mentally challenged individuals. 

Culture-associated geophagia involves intentional, but 

nonetheless irresistible, eating of clay and kaolin that might be 

procured from a commercial market. Moreover, children 2–3 

years of age and mentally disturbed persons are ignorant about 

the substances that are put in the mouth. 
 

Frate (1984) reported in his work that the belief was deeply 

instilled in the mind of people concerning the medicinal properties 

of clay. Frate (1984) mentioned the term ―terra sigilata,‖ or 

―sealed earth,‖ in his work and described its prevalence among 

Greeks to cure various ailments in 40 BC. Further, Frate (1984) 

described how clay was extracted by the priests from specified areas 

of Lemnos (an island in Greece) to obtain the medicinal properties 

of the clay. Frate (1984) mentioned certain rituals that were 

essential to purify clay before its use. With the passage of time, clay 

eating became a habit among selected people. 
 

Indigenous peoples of the Unites States have been described as 

consuming soil. Hunter (1973) stated that a culture of soil eating in 

South America was transmitted from West African populations 

during slavery. Why slaves indulged in the practice of soil eating 

has not been understood by thinkers. One possibility is intentionally 

acquiring sickness by consuming soil (Hunter 1973). 
 

Conversely, soil eating was considered distasteful by 

Americans due to its harmful effects. Primarily, it was a 

contentious source of intestinal parasites. 
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Lacey (1990) strongly argued that, according to the theory of 

causation of geophagia, a single cause is considered the 

etiopathogenesis of geophagia and that this is highly 

inappropriate, as it is multifactorial in pathogenesis. Lacey 

(1990) stated that ethnicity or culture was ignored while framing 

the definition and etiology of geophagia. Lacey (1990) further 

explained that geophagia is common in West African 

populations, who have a natural inclination to consume clay and 

kaolin. Lacey (1990) posited that premeditated eating of clay in 

West Africans was intended to render themselves ill 

intentionally. This behavior could make them physically unfit for 

slavery and save them from the clutches of kings. The habit of 

clay eating was passed from one generation to another and, with 

the passage of time, became a cultural trait (Lacey 1990). 

 

4.5.1 Descriptive Evidence in Favor of Culture Hypothesis 
 

In countries with hot climates, it is a common practice to eat clay 

among pregnant women and children, especially among the 

inhabitants of rural areas and slums. This habit is acquired, 

practiced, and deeply rooted in the minds of members of society. 

According to Abrahams and Parsons (1996), clay and other 

forms of pica are commercialized for common intake in 

formulations like tablets. In Cameroon, kaolin is available in 

markets for geophagia material and may be flavored with black 

pepper and cardamom (BBC News 2016). In Haiti, biscuits are 

prepared by mixing clay, salt, and butter to be available for 

human use in geophagia (Benno and Ara 2009). In rural areas of 

Mississippi, baked and processed dirt and clay consumption has 

been a common practice by poor populations of whites and 

blacks for many generations. 
 

It is hard to decipher the precise reason for the rise of geophagia 

in a society as a culture-bound phenomenon. According to Gelfand 

(1945), it was believed by local populations that soil has the 

potential to support fertility among women and lessen the 

complications that follow delivery. These beliefs were practiced 
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through generations even without any scientific evidence. 

According to Geissler (2000), soil eating is a custom in Luoland in 

Western Kenya among primary school children. Adolescent 

children and women consume clay. In African countries, earth 

eating by females represents their feminine identity (Vermeer 

1966), while children‘s liking or disliking eating earth reveals their 

developing gender (Geissler 2000). Earth represents a feminine 

symbol and the power of fertility. Earth is eaten by groups of 

women of reproductive age and is hidden from male members of 

society. Therefore, earth eating in most African societies is 

considered a sacred union with forces of reproduction and is a deep-

seated cultural practice (Geissler 2000). The Chagga community 

commonly practices geophagia. The Chagga community is one of 

the largest ethnic groups in Tanzania. The Chagga community 

relates the fertility of women to the fertility of soil. According to 

Moore and Puritt (1977), Chagga women eat clay, kaolin, and mud 

in the belief that it will increase their fertility. It has become an 

acquired trait in Chagga women. Soil eating is a cultural practice 

among regional populations throughout the world, and it has a 

highly complex etiology of origin; nevertheless, cultural geophagia 

revolves around a deeply engraved tradition of continuity from one 

generation to the next over time. 
 

According to Grigsby et al. (1999), geophagia is a worldwide 

practice that has been documented by various workers across the 

world. However, intake of kaolin is less common than eating soil. 

Kaolin is white clay, and its eating has been widely practiced, 

according to Grigsby et al. (1999), among the inhabitants of the 

Piedmont plateau in central Georgia. Grigsby et al. (1999) collected 

information about the habit through interaction with local 

physicians and conducting interviews with the affected population. 

Grigsby et al. (1999) asserted that kaolin eating among the 

population in the Piedmont plateau is culture bound and might be 

unassociated with any psychiatric disorder. This culture-bound issue 

can be defined according to the DSM-IV (APA 1994) as a repetitive 

and deviant eating behavior that is locality centered, and 
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its linkage to a category in the DSM-IV is either established or 

remains dissociated.  
According to Johns (1990), indigenous populations practiced 

the use of clay during the preparation of foods. According to 

Johns (1990), ingredients of clay that consisted of components of 

rock, silica, and magnesium salts feasibly adsorbed harmful 

contaminants that were present in foods.  
The use of natural clay has been a custom to alleviate 

gastrointestinal disturbances like diarrhea and hyperacidity and as a 

detoxification agent. Carretero (2002) analyzed the native clay of a 

quarry in Bingerville using modern instrumentation techniques. 

Carretero (2002) found that a clay mineral called kaolinite was the 

predominant constituent of clay and described the presence of 

minerals like copper, zinc, cobalt, and molybdenum, which could be 

beneficial to humans, and the occurrence of a very low amount of 

heavy metals like lead and cadmium that are toxic to humans. 
 

According to Wiley and Solomon (1998), eating clay was a 

cultural practice among sub-Saharan Africans that was transferred 

to their progeny. The origin of geophagia could be traced to the 

positive effects of clays that were consumed during pregnancy by 

women. Wiley and Solomon (1998) argued for the antiemetic 

effects of clays in the first trimester of pregnancy. Further, the 

authors posited that ingested clays could have the property of 

supplementing calcium in the second trimester of pregnancy. A 

plausible explanation for eating clay by the sub-Saharan African 

population as a culture could be the awareness of the medicinal 

properties of clays that their ancestors possessed and was passed to 

the coming generations through the cultural practice of geophagia. 

The timing of eating clays by pregnant women coincided with the 

onset of symptoms of nausea, vomiting, and gastric disturbances in 

the first and second trimesters of pregnancy. According to Wiley 

and Solomon (1998), the sites of procuring clays were 

predetermined; nevertheless, the quantity and timing of clay 

consumption could vary in different tribal populations. Wiley and 

Solomon (1998) provided important information regarding 
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the trade of clays through an established network of clay traders 

who had their approach in urban areas.  
According to Wiley and Solomon (1998), clays with the 

aforementioned medicinal properties were obtained from the 

mounds of termites. Debatably, the accumulation of minerals 

like phosphorus, calcium, iron, and potassium has been 

documented in termite mounds by another researcher (Van Huis 

1996). Wiley and Solomon (1998) concluded cultural geophagia 

among the sub-Saharan African population existed and termed 

this practice as predating Homo sapiens. 
 

The consumption of soils from termite mounds had also been 

reported by Hunter (1984), and it was practiced as a part of culture 

by pregnant women in Africa. Hunter (1984) stated that the soils 

could be dried and baked over the fire before their use by 

individuals. According to Njiru et al. (2011), consumption of 

termite soils by African women was attributed to strong urges that 

developed in pregnancy. Njiru et al. (2011) collected information 

from sources that mentioned the use of termite soils to fulfill the 

requirement of iron in pregnancy. This fact was further confirmed 

by the work of Luoba et al. (2004) with pregnant and lactating 

women in Western Kenya who practiced geophagia. Luoba et al. 

(2004) reported a prevalence of 65% of geophagia among pregnant 

women. The important sources of soils, as reported by the authors, 

were soft stones, known as odowa, and termite mounds. 
 

Van Huis (1996) documented in his work the availability of 14% 

of dietary iron that was essentially recommended during pregnancy. 
 

Regarding the time period of clay consumption in pregnancy, 

Hunter (1984) mentioned that clays were consumed in the first 

and second trimesters of pregnancy and, in some cases, they were 

eaten over all periods of pregnancy. Hunter (1984) further 

documented the nature of clays eaten by women. More often, 

clays like kaolin and montmorillonite (soft clay with medicinal 

properties to heal skin problems) (Saary et al. 2005) had been 

used in geophagia by pregnant women. Hunter (1984) reported 

the intake of 30 to 50 g of clays per day. 
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4.6 PROTECTION HYPOTHESIS   
This hypothesis can also be termed the adaptive hypothesis: 

 

This hypothesis is based on the assumption that 

―geophagia substances have potential to adsorb 

microbial endotoxins and phytochemicals from the 

lumen of the gastrointestinal tract of humans.‖ 
 

This adsorptive potential of clay, soil, kaolin, starch, and 

other pica materials is helpful in annulling harmful effects 

of ingested microbes and phytochemicals. Moreover, 

geophagia has detoxification properties. Humans are 

adapted to geophagia. This knowledge runs in families, 

communities, and tribes. It is transferred from one 

generation to another through its persistent practice among 

members of families. Consequently, the habit of geophagia 

assumes a cultural practice among the masses. 
 

Therefore, geophagia could be explained on the basis 

of a ―protection-cum-adaptive hypothesis.‖ 

 
Another speculation is that pica materials can coat the epithelial 

surfaces of the gastrointestinal tract (GIT) and form a protective layer. 

This inhibits diffusion of endotoxins and phytochemicals from the 

lumen of the GIT into the inside of intestinal epithelial cells. 

 
4.6.1 Descriptive Evidence in Favor of Protection Hypothesis 

 
Clay eating among reptiles, birds, mammals, and non-chordates has 

been reported by Shachal et al. (1976) and Marlow and Tollestrup 

(1982). According to Mitchell et al. (1977) and Burchfield et al. (1977), 

clay eating among rats has been speculated to have evolved as a 

consequence of inflammation of the gut in response to phytochemicals. 
 

Laufer (1930) mentioned literature citing the detoxification potential 

of geophagia against various chemicals like alkaloids, quinones, and 

tannins. The author reported clay eating among Native Americans of 

the American Southwest. The population habitually consumes clays, 

along with eating a wild variety of potatoes. Laufer 
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(1930) assumed it to be due to a detoxification property of clay 

through which it overcomes the bitter taste of potatoes and 

protects the inhabitants against the toxic effects of wild potatoes. 
 

This assumption was supported by the work of Johns (1986), 

in which the author performed in vitro analysis of the adsorptive 

ability of clay. Johns (1986) observed that an alkaloid from wild 

potatoes was adsorbed by four different types of clay. 
 

Another explanation for the adsorptive potential of clay and 

kaolin was provided by Dominy et al. (2004) in their in vitro 

research with a model of the human stomach and intestine. The 

models simulated the human stomach and intestine closely. The 

authors analyzed the ability of kaolin to adsorb quinine and 

tannin, and observed the reduction in bioavailability of materials 

due to reduced absorption of quinine and tannin. 

 

Dominy et al. (2004) concluded that adsorption of toxins 

by clay could be a relatively conceivable mechanism that 

accounts for the habit of geophagia. 

 
According to other researchers (Johns and Duquette 1991), who 

analyzed the detoxification potential of different clays from Africa 

concomitant to the protection hypothesis of geophagia in humans, 

acorn has a bitter taste alkaloid called tannin acid. Johns and 

Duquette (1991) noted the maximum adsorptive ability of clays in 

Africa for tannic acid in ranges between 5.6 and 23.7 mg/g. They 

asserted African clays release minerals like calcium, copper, iron, 

zinc, and magnesium that have nutritional value for humans. 

Overall, the authors suggested that the habit of geophagia has a 

significance in the evolution of human dietary habits. 
 

Still other researchers (Young et al. 2011) analyzed published 

papers related to hypotheses of geophagia in humans, mammals, 

birds, and reptiles. The authors concluded through their review 

that geophagia among humans was not associated with children 

and pregnant women. Young et al. (2011) also stated the absence 

of correlation between tropical areas and consumption of clay. 
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Moreover, Young et al. (2011) propounded that, linked to the 

intake of toxic substances and accompanied gut disturbance in 

primates, clay ingestion provided protection to primates from 

toxins and supplied nutrients. Importantly, the authors concluded 

that human clay intake was linked to protection from 

phytochemicals, microbes, and microbial endotoxins.  
Another proponent of the protection hypothesis claimed that 

geophagy materials form a protective layer over the intestinal 

epithelium and confer resistance to invasion of pathogens and 

endotoxins (Hui et al. 2001). 
 

Geophagia is practiced by women during pregnancy and 

children during periods of active growth. These physiological 

periods of human life need higher immunity against various 

biological and chemical stimuli. Ingestion of clay and starch 

during these periods confers protection against harmful stimuli 

and provides relief from microbial and/or chemical inflammation 

of the gut and associated nausea and vomiting. 
 

Gardiner et al. (1993) studied the role of adsorbents in 

experimentally induced systemic endotoxemia in rat models. The 

release of endotoxins in the lumen of the gut disrupts the mucosal 

barrier and induces mucosal inflammation. Microbial toxins find a 

way into systemic circulation, causing endotoxaemia. The authors 

administered kaolin and terra fullonica orally. Gardiner et al. (1993) 

observed a reduction of system endotoxaemia; therefore, this study 

authenticates the use of clay and starch as materials of geophagia 

during pregnancy to reduce nausea and vomiting. 
 

Krishnamani and Mahaney (2002) documented the presence 

of geophagia among primates either due to the antitoxic effect of 

geophagia, antacid action, anti-diarrheal effect, or the cumulative 

action of geophagia materials. Krishnamani and Mahaney (2002) 

concluded that primates habitually consume geophagia materials 

due to multiple factors.  
In another study by Pebsworth et al. (2012), it was found that 

chacma baboons who were pregnant had greater proclivities for 

geophagia in comparison to other baboons who were not 
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pregnant. Pebsworth et al. (2012) concluded that consumption of 

soils by pregnant chacma baboons might be helpful in relieving 

gastrointestinal discomfort. 
 

Dominy et al. (2004) asserted that geophagia is an adaptive 

behavior in primates and other organisms. Clay and kaolin 

adsorb toxins from the intestine. Dominy et al. (2004) verified 

the hypothesis through in vitro analysis. Dominy et al. (2004) 

reported the reduction of bioavailability of quinine and tannins 

from the GIT.  
Callahan (2003) reported the use of baked clay by select 

societies in the world, which could enhance immunity against 

pathogens. These baked clays are rich in aluminum salts. The  

formula of kaolin is Al2O3 2SiO2 2H2O (Perry 2011). 
According to Gupta (1998), aluminum salts are used as  

adjuvants with vaccines for humans. Adjuvants serve to improve 

the efficacy of vaccines and the immune response of the human 

body against pathogens. Aluminum adjuvants provide a surface 

for the adsorption of antigens. According to Gupta (1998), the 

adsorbed antigens on the surface of aluminum are rapidly taken 

up by antigen-presenting cells and promote rapid activation of 

the lymphocytes for immunity. Therefore, aluminum salts in 

vaccines and kaolin might promote the non-specific immune 

response of the body owing to their impact on dendritic cells, 

macrophages, and antigen-presenting cells. 
 

Eating clays rich in aluminum salts in pregnancy by women 

could be a factor to enhance their immunity and provide innate 

immunity to the baby. According to Callahan (2003), clays could 

act as edible vaccines, and women consume clays in pregnancy. 

Clays might confer local immunity to a newborn baby through 

the suckling of milk that is enriched with immunoglobulin A due 

to the ingestion of clays (Callahan 2003). 
 

According to Noguera- Obenza et al. (2002), the antibody IgA 

is secreted in mother‘s milk and provides mucosal immunity to 

the baby against endemic pathogens. 
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Clay eating in terms of the protection hypothesis can be 

construed as a means to induce local and systemic 

immunity in the body of pregnant women and confer 

mucosal immunity to newborn babies. 
 

4.7 NEUROPSYCHIATRIC DISORDERS AND PICA 
 

Pica might be associated with neuropsychiatric disorders like 

anxiety, depression, OCD, and developmental disability 

(Danford et al. 1982; Stiegler 2005; Stroman et al. 2011). 
 

Cravings for non-food substances can be comparable to 

cravings for opium and alcohol, wherein both instances are 

associated with consumption alleviating psychological 

discomfort (Edwards et al. 1994; Young 2011). 
 

Pica has been diagnosed as a feeding and eating disorder, 

according to the American Psychiatric Association‘s Diagnostic 

and Statistical Manual of Mental Disorders, Fifth Edition (Call 

et al. 2013; APA 2013).  
Therefore, according to criteria suggested by the APA in the DSM-5  

(2013), a pica habit can be represented by the following characteristics:  

 

Insistent consumption of non-food substances for a 

minimum duration of 1 month. 
  

Consumption of non-food substances should be 

unsuitable to the developmental status of the suffering 

individual. The eating behavior should be neither a 

cultural practice nor a socially supported behavior. 
  

If the eating behavior is associated with another mental 

disorder like autism, schizophrenia, or intellectual disability or 

occurs during a medical condition, including pregnancy, it 

requires immediate additional clinical examination. 

 

Pica is generally associated with mental disorders that 

impair cognition, behavior, memory, and learning processes. 
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Luiselli (1996) observed the association of pica and geophagia 

with obsessive- compulsive disorder. Patients mentioned that 

pica was linked to their daily practices, rituals, and beliefs, and 

Luiselli (1996) reported a feeling of compulsion in the patients to 

practice pica. 

 

4.7.1 Descriptive Evidence 
 

Anorexia nervosa and bulimia nervosa are abnormal eating 

behaviors, and they are beset with psychopathological 

characteristics. Cnattingius et al. (1999) conducted a case-control 

and cohort study among girls to detect the association of 

anorexia nervosa with perinatal injury and gestational period. 

They found that girls with brain injury or cephalohematoma and 

those born alive before a gestational period of 28 to 32 weeks 

(very preterm birth) had higher odds of having an eating 

dysfunction like anorexia nervosa (Cnattingius et al. 1999). 
 

Chipkevitch (1994) conducted a review of 21 cases through 

literature review. The author found that brain tumors coincided 

with clinical manifestations like anorexia nervosa, weight loss, 

and psychiatric symptoms in 19 cases (Chipkevitch 1994). 
 

Carp (1950) observed that mentally deranged persons 

exhibited bizarre clinical symptoms as suicide attempts, injuring 

oneself, and ingestion of non-food substances of various sizes 

and shapes. Carp (1950) detected foreign bodies in the GITs of 

mentally deranged patients during surgical operations. Carp 

(1950) concluded that foreign bodies may accidentally find their 

way into the GIT. The author asserted that deliberate intake of 

foreign bodies is also seen in psychiatric patients. 
 

Teinourian et al. (1964) indicated that ingestion of foreign bodies 

(non-food) is a frequent clinical manifestation among mentally 

deranged patients. It might be attributed to either the indiscriminate 

behavior of the patients or accidental intake of foreign bodies. 

Patients generally mask the signs and symptoms that arise from 

intake of foreign bodies. Additionally, Teinourian et al. (1964) 

described how this aberrant behavior among patients 
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has a high rate of repetition. The author suggested that this 

behavior among psychiatric patients should be carefully attended 

(Teinourian et al. 1964). 
 

Jacob et al. (1990) reported a case of a schizophrenic female 

patient who ingested foreign bodies that became lodged in the 

main bronchi, as revealed by radiographic examination of the 

chest of the patient after hospitalization. Jacob et al. (1990) 

reported the absence of foreign bodies in the GIT of the patient. 

The patient died due to cardiac arrest in the hospital.  
Danford and Huber (1981) stated that eating dysfunctions like 

pica, hyperphagia, anorexia, and rumination are frequently 

observed in mentally retarded and mentally deranged patients. 
 

Furthermore, the authors described that eating dysfunctions were 

associated with convulsions, level of intelligence, administration of 

drugs, and insomnia. Danford and Huber (1981) stated that eating 

dysfunctions like pica were associated with hyperphagia in patients 

and advised that eating dysfunctions must be carefully observed 

among patients, as these are associated with deficiency of 

macronutrients and micronutrients in the bodies of patients. 
 

Cohen et al. (1976) described the habit of pica among children 

with abnormal development. Developmentally deranged children 

exhibited abnormal eating habits like geophagia, pica, and 

preference for other non-food substances. Cohen et al. (1976) 

observed the habit of lead ingestion among autistic children, and 

they detected high serum lead concentration in the bodies of 

autistic children when compared with normal children. 
 

Herguner et al. (2008) asserted there was an association 

between geophagia and obsessive compulsive disorder.  
Stein et al. (1996) studied the behavior of five patients with 

pica habits in clinics. The authors reported that two patients with 

pica presented the clinical manifestations of obsessive 

compulsive disorder. Patients responded to pharmacotherapy 

with serotonin reuptake inhibitors. Stein et al. (1996) 

documented that the habit of pica or geophagia in selected cases 

can be construed as compulsive behavior. 
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4.8 SUMMARY   
Geophagia is commonly practiced by women in pregnancy 

and by children, where both groups of patients have 

immune systems that are either suppressed in women or 

immature in children. The habit of clay eating could 

probably alleviate symptoms of gastritis in pregnant 

mothers and provide protection from microbial toxins to 

developing fetuses and children (Bogin et al. 2007; Ellis et 

al. 2009; Abrams and Miller 2011). 
  

Geophagia materials have a high affinity to cation 

exchange. They can strongly bind to pathogens, endotoxins, 

and phytotoxins. In this way, geophagy materials can 

reduce the bioavailability of toxins in the body and offer 

protection to humans (Johns 1986; Johns and Duquette 

1991; Hooda et al. 2002). 
  

In amylophagia, raw rice contains a high amount of 

polysaccharides and proteins in the range of 80%–85% of 

carbohydrates and 6%–8% of proteins (USDA 2013). 

Consumption of raw rice may minimize iron absorption 

from the gut and help in preventing microbial infection in 

individuals. Raw rice may act like lactoferrins in the body 

of the host, which can limit bioavailability of iron for 

microbial proliferation (Fessler 2002). In this method, 

amylophagia could protect from pathogens. 
  

Geophagia materials like kaolin can adsorb bacterial toxins 

from the lumen of the alimentary canal in humans. Hence, 

kaolin ingestion could minimize mucosal inflammation and 

associated distress such as nausea and vomiting, which are 

common symptoms in the first trimester of pregnancy 

(Geissler et al. 1999). 
  

Micronutrients are elements that are required by organisms 

in trace amounts essential to sustain normal growth and 

development (UNICEF 2017; WHO and FAO 2004). 
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The micronutrient deficiency hypothesis states, ―Inadequacy 

of micronutrients is the prime etiological factor for the arousal 

of the physiological need that intensely motivates affected 

individuals to fulfill a micronutrient deficiency by adapting an 

aberrant behavior related to the eating of soil, clay, or any 

other earth-related non-food substances.‖ 
  

The psychological stress hypothesis asserts that pica is a 

psychopathological disorder that arises in response to either 

external or internal psychological stress stimuli. 
  

The hunger hypothesis describes the habit of geophagia on 

the basis of the hunger drive in humans. Poverty, hunger, 

and starvation are the motivational forces to eat earth 

substances, like clay, soil, and kaolin, in the absence of 

adequate food sources in order to achieve a sense of satiety. 
  

According to Paul et al. (2015), culture is a social trait that 

underlies certain habits, practices, and discourses, which 

becomes the matrix for coherence and incoherence of social 

life over time. Geophagia, in certain societies of world, still 

persists as a cultural practice. 
  

The protection or adaptive hypothesis is based on the 

assumption that ―geophagia substances have the potential 

to adsorb microbial endotoxins and phytochemicals from 

the lumen of the gastrointestinal tract of humans.‖ 
  

Pica might be associated with neuropsychiatric disorders like 

anxiety, depression, OCD, and developmental disabilities 

(Danford et al. 1982; Stiegler 2005; Stroman et al. 2011). 
  

Cravings for non-food substances can be comparable to 

cravings for opium and alcohol, wherein both instances are 

associated with consumption alleviating psychological 

discomfort (Edwards et al. 1994, Young 2011). 
  

Schaller and Park (2011) hypothesized that in periods of 

risk of infection, the body defense mechanism in terms 
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of behavior is modulated to adapt to the environment. In 

pregnancy, the immune system of the body is suppressed, 

leading to an altered behavior response in terms of nausea 

and vomiting. Geophagia in this phase of life might be a 

protective response against pathogens and toxins. 

 

Conclusion  
It is postulated that ―geophagia among humans is a 

prehominid trait that has evolved as a behavioral adaptation 

to the physiological need for trace minerals coupled with 

protection from ingested microbial toxins that with the 

passage of time integrated with cultural practices.‖ 

 

REFERENCES   
Abrahams PW, Parsons JA 1996. Geophagy in the tropics: A literature 

review. The Geographical Journal 162:63–72.  
Abrams ET, Miller EM 2011. The roles of the immune system in 

women‘s reproduction: Evolutionary constraints and life history 

trade-offs. Yearb Phys Anthropol 54:134–154.  
American Psychiatric Association 2013. Feeding and eating disorders.  

In: Diagnostic and Statistical Manual of Mental Disorders. 5th ed.  
pp. 329–331.  

American Psychological Association 2013. Diagnostic Statistical 

Manual of Mental Disorders: DSM-V. Washington D. C.: 

American Psychological Association.  
Arcasoy A, Cavdar A, Babacan E 1978. Ferrokinetic studies in patients  

with geophagia, growth retardation, hypogonadism, 

hepatospleenomegaly, iron deficiency anemia, and zinc 

deficiency. Acta Haematol 60:76–84.  
Artur L, Hilhorst D 2014. Floods, resettlement and land access and use in  

the lower Zambezi, Mozambique. Land Use Policy 36:361–368.  
Barton JC, Barton C, Bertoli LF 2016. Pica for uncooked basmati rice 

in two women with iron deficiency and a review of ryzophagia. 

Case Rep Med 2016:5.  
Bateson EM, Lebroy T 1978. Clay eating by aboriginals of the 

Northern Territory. Med J Aust 1(Suppl 1):1–3.  
BBC News 2016. The people who can‘t stop eating dirt. BBC News. 16 

June 2016. 
 
 
 
 
 
 

 
9780367352868 _ C004.indd  82  30 - 08 

-  

2019  07:17:22 



 
Etiology of Geophagia   83 

 

Beard JL, Chen Q, Connor J, Jones BC 1994. Altered monamine 

metabolism in caudate-putamen of iron-deficient rats. Pharmacol 

Biochem Behav 48:621–624.  
Benno S, Ara A, eds. 2009. Dirt poor haitians eat mud cookies to survive.  

Huffington Post. Retrieved 9 August 2015.  
Berridge KC, Kringelbach ML 2015. Pleasure systems in the brain.  

Neuron 86(3):646–664.  
Bhan MK, Sommerfelt H, Strand T 2001. Micronutrient deficiency in 

children. Br J Nutr 85(Suppl 2):S199–S203.  
Bhatia MS, Gupta R 2009. Pica responding to SSRI and OPD spectrum 

disorder? World J Biol Psychiatry 10(4):936–938.  
Bianco LE, Wiesinger J, Earley CJ, Jones BC, Beard JL 2008. Iron 

deficiency alters dopamine uptake and response to L-DOPA 

injection in Sprague-Dawley rats. J Neurochem 106:205–215.  
Bithoney WG, Snyder J, Michalek J, Newberger EH 1985. Childhood 

ingestions as symptoms of family distress. Am J Dis Child 13(9): 

456–459.  
Black RE 2001. Micronutrients in pregnancy. Br J Nutr 85:S193–S197. 

Blinder B, Goodman S, Henderson P 1988. Pica: A critical review of  
diagnosis and treatment. In: Blinder B, Chaitin B, Goldstein R, editors.  
The Eating Disorders: Medical and Psychological Bases of Diagnosis and  
Treatment. PMA Publishing Corp: New York, pp. 331–344.  

Bogin B, Silva MIV, Rios L 2007. Life history trade-offs in human growth:  
Adaptation or pathology? Am J Hum Biol 19:631–642.  

Bourne JK 2008. Dirt poor. Haiti has lost its soil-and the means to feed 

itself. Natl Geo Mag 214(3): 108–111.  
Brand C, Jager LD, Ekosse GI 2009a. Health and social impacts of 

geophagy in Panama. J Med Technol 23:11–13.  
Burchfield SR, Elich MS, Woods SC 1977. Geophagia in response to 

stress and arthritis. Physiol & Behav 19:265–267.  
Butterley J, Sheperd J 2010. Hunger: The Biology and Politics of Starvation.  

Dartmouth College Press, Hanover, NH.  
Calabresi P, Picconi B, Tozzi A, Ghiglieri V, Di Filippo M 2014. 

Direct and indirect pathways of basal ganglia: A critical 

reappraisal. Nat Neurosci 17:1022–1030.  
Call C, Walsh BT, Attia E 2013. From DSM-IV to DSM-5: Changes 

to eating disorder diagnoses. Curr Opin Psychiatry 26:532–536.  
Callahan GN 2003. Eating dirt. Emerg Infect Dis 9(8):1016–1021. 

Cambridge English dictionary 2017. Meaning of Culture. Available 

at: http://dictionary.cambridge.org/dictionary/english/ 

culture?a=british 
 
 
 
 
 
 

 
9780367352868 _ C004.indd  83  30 - 08 

-  

2019  07:17:22 



 
84 Geophagia 

 

Campbell DI, Murch SH, Elia M, Sullivan PB, Sanyang MS, Jobarteh 

B, Lunn PG 2003a. Canadian UNICEF Committee (2006) Global 

Child Survival and Health. p. 67.  
Campbell DI, Murch SH, Elia M, Sullivan PB, Sanyang MS, Jobarteh 

B, Lunn PG 2003b. Chronic T cell-mediated enteropathy in rural 

west African children: Relationship with nutritional status and 

small bowel function. Pediatr Res 54:306–311.  
Carp L 1950. Foreign bodies in the gastrointestinal tracts of psychotic 

patients. Arch Surg 60:1055–1075.  
Carretero M 2002. Clay minerals and their beneficial effects upon 

human health. A review Appl Clay Sci 21:155–163  
Castro J, Boyd-Orr J 1952. The Geography of Hunger. Little, Brown 

and Company, Boston.  
Cavdar AO, Arcasoy A, Cin S, Babacon E, Gözdasoğlu S 1983. 

Geophagia in Turkey: Iron and zinc deficiency, iron and zinc 

absorption studies and response to treatment with zinc in 

geophagia cases. Prog Clin Biol Res 129:71–97.  
Chipkevitch E 1994. Brain tumors and anorexia nervosa syndrome.  

Brain Dev 6:175–179.  
Chokhi Dhani 2014. Haldighati. Available at:  

https://www.chokhidhani. com/village/haldighati  
Christian P 2010. Micronutrients, birth weight, and survival. Annu Rev 

Nutr 30:83–104.  
Cnattingius S, Hultman CM, Dahl M, Sparen P 1999. Very preterm 

birth, birth trauma, and the risk of anorexia nervosa among girls. 

Arch Gen Psychiatry 56:634–638.  
Cohen DF, Johnson WT, Caparulo BK 1976. Pica and elevated blood lead 

level in autistic and atypical children. Am J Dis Child 130:47–48.  
Cooskey NR 1995. Pica and olfactory craving of pregnancy: How deep 

are the secrets? Birth 22:129–136.  
Corbett J 1988. Famine and household coping strategies. World Dev 

16:1099–1112.  
Crosby WH 1976. Pica: A compulsion caused by iron deficiency. Br J 

Hematol 34:341–342.  
Cross NA, Hillman LS, Allen SH, Krause GF, Vieira NE 1995. 

Calcium homeostasis and bone metabolism during pregnancy, 

lactation, and post weaning: A longitudinal study. Am J Clin Nutr 

61(3):514–523. 

 
Danford DE, Huber AM 1981. Eating dysfunctions in an institutionalized 

mentally retarded population. Appetite 2:281–292. 
 
 
 
 
 
 
 



 
9780367352868 _ C004.indd  84  30 - 08 

-  

2019  07:17:22 



 
Etiology of Geophagia   85 

 

Danford DE, Smith S, Huber A 1982. Pica and mineral status in 
mentally retarded. Am J Clin Nutr 35:958–967.  

Darnton-Hill L, Mkparu UC 2015. Micronutrients in pregnancy in low-

and middle-income countries. Nutrients 7(3):1744–1768.  
Dhonukshe-Rutten RA, Bouwman J, Brown KA, Cavelaars AE, Collings R, 

Grammatikaki E, de Groot LC, Gurinovic M, Harvey LJ, Hermoso M 

2013. EURRECA—Evidence -based methodology for deriving 

micronutrient recommendations. Crit Rev Food Sci Nutr 53:999–1040.  
Dominy NJ, Davoust E, Minekus M 2004. Adaptive function of soil 

consumption: An in vitro study modeling the human stomach and 

small intestine. J Exp Biol 207(2):319–324.  
Edwards CH, Johnson AA, Knight EM 1994. Pica in an urban 

environment. J Nutr 124(6 Suppl):954S–962S.  
Ellis B, Figueredo AJ, Brumbach BH, Schlomer GL 2009. 

Fundamental dimensions of environmental risk: The impact of 

harsh versus unpredictable environments on the evolution of 

development of life history strategies. Hum Nat 20:204–268.  
Ferré S, Lluís C, Justinova Z, Quiroz C, Orru M, Navarro G, Canela EI, 

Franco R, Goldberg SR 2010. Adenosine-cannabinoid receptor 

interactions. Implications for striatal function. Br J Pharmacol 

160(3):443–453.  
Fessler DT 2002. Reproductive immunosuppression and diet. Curr 

Anthropol 43:19–61.  
Food and Agriculture Organization of the United Nations 2005. What 

Is Meant by Term ―Quality of Food?‖ Available at: http:// 

foodqualityschemes.jrc.es/en/documents/Finalreport_000.pdf  
Food and Agricultural Organization of United Nations 2018. (Retrieved  

2019) Food Security and Nutrition around the World. Available at:  
http://www.fao.org/state-of-food-security-nutrition/en/ 

Frate DA 1984. Last of the earth eaters. Sciences 24:34–38.  
Gardiner KR, Anderson NH, McCaigue MD, Erwin PJ, Halliday MI 

1993. Adsorbents as antiendotoxin agents in experimental colitis. 

Gut 34:51–55.  
Geissler PW, Prince RJ, Levene M, Poda C, Beckerleg SE, Muteni W, 

Shulman CE 1999. Perceptions of soil-eating and anaemia among 

pregnant women on the Kenyan coast. Soc Sci Med, 48(8):1069–1079.  
Geissler PW 2000. The significance of earth-eating: Social and cultural 

aspects of geophagy among Luo children. Africa 70(4):653–682.  
Gelfand M 1945. Geophagy and its relation to hookworm disease. East 

Afr Med J 22:98–103. 
 
 
 
 
 
 
 

 
9780367352868 _ C004.indd  85  30 - 08 

-  

2019  07:17:22 



 
86 Geophagia 

 

Gernand AD, Schulze KJ, Stewart CP, West KP Jr, Christian P 2016. 

Micronutrient deficiencies in pregnancy worldwide: Health effects 

and prevention. Nat Rev Endocrinol 12(5):274–289.  
Goldstein M 1998. Adult pica: A clinical nexus of physiology and 

psychodynamics. Psychosomatics 39(5):465–469.  
Gregory JR 1995. National Diet and Nutrition Survey in Children Ages 

1.5–4.5 Years. HMSO, London.  
Grigsby RK, Thyer BA, Waller RJ, Johnston GA Jr 1999. Chalk eating 

in middle Georgia: A culture-bound syndrome of pica? South Med  
J 92(2):190–192.  

Gupta A 2015. To analyze effect of pallor (anemia) on nutritional status 

of children under age of five years. Gold Res Thoughts J 4(7):1–9.  
Gupta RK 1998. Aluminum compounds as vaccine adjuvants. Adv 

Drug Rev 32(3):155–172.  
Hadley C, Crooks DL 2012. Coping and the biosocial consequences of 

food insecurity in the 21st century. Yearb Phys Anthropol 

149(S55):72–94.  
Hawass NED, Alnozha MM, Kolawole T 1987. Adult geophagia— 

Report of three cases with review of the literature. Trop Geogr 

Med 39:191–195.  
Herguner S, Ozyildirim I, Tanidir C 2008. Is pica an eating disorder or  

an obsessive-compulsive spectrum disorder? Prog 

Neuropsychopharmacol Biol Psychiatry 32(12):2010–2011.  
Hooda PS, Henry CJK, Seyoum TA, Armstrong LDM, Fowler MB 2002. 

Bioavailability of iron in geophagic earths and clay minerals, and 

their effect on dietary iron absorption using an in vitro digestion/ 

Caco-2 cell model. Environ Geochem Health 24:305–319.  
Horner RD, Lackey CJ, Kolasa K, Warren K 1991. Pica practices of 

pregnant women. J Am Diet Assoc 91:34–39.  
Hui YH, Smith RA, Spoerke DG 2001. Foodborne Disease Handbook.  

Vol. 1: Diseases Caused by Bacteria. Marcel Dekker, Inc., New York.  
Hunter BT 2004. Soil and Your Health: Healthy Soil Is Vital to Your 

Health. Hirsch T (editor), Basic Health Publication Inc., North 

Bergen.  
Hunter JM 1973. Geophagy in Africa and in the United States: A 

culture nutrition hypothesis. Geogr Rev 63:170–195.  
Hunter JM 1984. Insect clay geophagy in Sierra Leone. J Cult Geogr 

4:2–3. International Food Policy Research Institute 2014. Global 

Nutrition Report 2014. International Food Policy Research Institute, 

Washington, DC.  
 
 
 
 
 
 
 

 
9780367352868 _ C004.indd  86  30 - 08 

-  

2019  07:17:22 



 
Etiology of Geophagia   87 

 

Jacob B, Huckenbeck W, Barz J, Bonte W 1990. Death, after swallowing 

and aspiration of a high number of foreign bodies, in a schizophrenic 

woman. Am J Forensic Med Pathol 11(4):331–335.  
James JA 1989. Preventing iron deficiency anaemia in pre-school 

children by implementing an educational and screening 

programme in an inner-city practice. BMJ 299:838–840.  
Ji Hyun K, Antonio PS 2012. Dopaminergic neurotransmission in the 

human brain: New lessons from perturbation and imaging. 

Neuroscientist 18(2): 149–168.  
Johns T 1986. Detoxification function of geophagy and domestication 

of the potato. J Chem Ecol 12(3):635–646.  
Johns T 1990. With Bitter Herbs They Shall Eat It: Chemical Ecology 

and the Origins of Human Diet and Medicine. University of 

Arizona Press, Tucson, AZ.  
Johns T, Duquette M 1991. Detoxification and mineral supplementation as 

functions of geophagy. Am J Clin Nutr 53:448–456.  
Johnson BE 1990. Pica. In: Walker HK, Hall WD, Hurst JW, editors.  

Clinical Methods: The History, Physical, and Laboratory 

Examinations. 3rd ed. Butterworths; Boston.  
Katz DL 2008. Diet, Pregnancy and Lactation. Nutrition in Clinical 

Practice. Lippincott Williams & Wilkins, Philadelphia, pp. 299–309.  
Kravitz AV, Freeze BS, Parker PR, Kay K, Thwin MT, Deisseroth K, 

Kreitzer AC 2010. Regulation of Parkinsonian motor behaviours by 

optogenetic control of basal ganglia circuitry. Nature 466:622–626.  
Krishnamani R, Mahaney WC 2002. Geophagy among primates: 

Adaptive significance and ecological consequences. Anim Behav 

59:899–915.  
Lacey EP 1990. Pica: Consideration of a historical and current problem 

with racial/ethnic/cultural overtones. Explor Ethn Stud 12(1):1–8. 

 
Ladipo OA 2000. Nutrition in pregnancy: Mineral and vitamin  

supplements. Am J Clin Nutr 72(1): 280S–290S.  
Laufer B 1930. Geophagy. Publication 280, Anthropology Series, 18(2):  

Chicago: Field Museum of Natural History.  
Luiselli JK 1996. Pica as an obsessive-compulsive disorder. J Behav 

Ther Exp Psychiat 27(2):195–196.  
Luoba AI, Geissler PW, Estambale B, Ouma JH, Magnussen P, Alusala 

D, Ayah R, Mwaniki D, Friis H 2004. Geophagy among pregnant 

and lactating women in Bondo District, western Kenya. Trans R 

Soc Trop Med Hyg 98:734–741.  
 
 
 
 
 
 

 
9780367352868 _ C004.indd  87  30 - 08 

-  

2019  07:17:22 



 
88 Geophagia 

 

Malenka RC, Nestler EJ, Hyman SE 2009. Widely Projecting Systems: 

Monoamines, Acetylcholine, and Orexin. In: Sydor A, Brown RY 

(eds.). Molecular Neuropharmacology: A Foundation for Clinical 

Neuroscience (2nd ed.). New York: McGraw-Hill Medical. pp. 

147– 148, 154–157.  
Marlow RW, Tollestrup K 1982. Mining and exploitation of natural 

mineral deposits by the desert tortoise, Gopherus agassizii. Anim 

Behav 30:475–478.  
Maslow AH 1943. A theory of human motivation. Psychological 

Review 50(4):370–396.  
Mitchell D, Laycock JD, Stephens WF 1977. Motion sickness-induced 

pica in the rat. Am J Clin Nutr 30:147–150.  
Montague PR, Dayan P, Sejnowski TJ 1996. A framework for 

mesencephalic dopamine systems based on predictive Hebbian 

learning. J Neurosci 16:1936–1947.  
Moore SF, Puritt P 1977. The Chagga and Meeru of Tanzania. 

Ethnographic survey of Africa, East Central Africa. International 

African Institute.  
Morton L 1953. The fall of the Philippines. United States Army 

Hospital, History, pp. 171–202.  
Moser C 1996. Confronting crisis: A comparative study of household 

responses to poverty and vulnerability in four poor urban 

communities. Washington, DC: World Bank.  
Mridula D, Mishra CP, Chakraverty A 2003. Dietary intake of 

expectant mother. Indian J Nutr Diet 40(1):24–30.  
National Research Council (NRC) 1986. Nutrient Adequacy:  

Assessment Using Food Consumption Surveys . Washington, DC:  
The National Academies Press. Available at:  
https://www.ncbi.nlm.nih.gov/ books/NBK217533/  

Ngozi PO 2008. Pica practices of pregnant women in Nairobi, Kenya.  
East Afr Med J 85(2):72–79.  

Njiru H, Elchalal U, Paltiel O 2011. Geophagy during pregnancy in 
Africa: A literature review. Obstet Gynecol Surv 66:452–459.  

Noguera-Obenza M, Ochoa TJ, Gomez HF, Guerrero ML, Herrera-

Insua I, Morrow AL 2002. Human milk secretory antibodies 

against attaching and effacing Eschericia coli antigens. Emerg 

Infect Dis 9:545–555.  
Paul J, Liam M, Andy S, Steger MB 2015. Urban Sustainability in 

Theory and Practice: Circles of Sustainability. Routledge, 

London, p. 53.  
 
 
 
 
 
 

 
9780367352868 _ C004.indd  88  30 - 08 

-  

2019  07:17:23 



 
Etiology of Geophagia   89 

 

Pebsworth PA, Bardi M, Huffman MA 2012. Geophagy in chacma 

baboons: Patterns of soil consumption by age class, sex, and 

reproductive state. Am J Primatol 74(1):48–57.  
Perry DL 2011. Handbook of Inorganic Compounds. Taylor & Francis.  
Ray N 2002. Lonely Planet Cambodia. Lonely Planet Publication, p. 308.  

Available at: https://en.wikipedia.org/wiki/Fried_spider  
Robert PH 2013. Dairy intake, dietary adequacy, and lactose intolerance.  

Adv Nutr 4(2):151–156.  
Rose EA, Porcerelli JH, Neale AV 2000. Pica: Common but commonly 

missed. J Am Board Fam Pract 13:353–8  
Rwegerera GM, Joel DR, Bakilana C, Maruza MP 2015. The triad of 

iron deficiency anemia, hepatosplenomegaly and growth 

retardation with normal serum zinc levels in a 14-year-old boy. 

Niger J Clin Pract 18(5):690–692.  
Saary J, Qureshi R, Palda V, Dekoven J, Pratt M, Skotnicki-Grant S, 

Holness L 2005. A systematic review of contact dermatitis 

treatment and prevention. J Am Acad Dermatol 53(5):845.  
Schaller M, Park J 2011. The behavioral immune system (and why it 

matters). Curr Dir Psychol Sci 20:99–103.  
Schultz W 1998. Predictive reward signal of dopamine neurons. J 

Neurophysiol 80:1–27.  
Schultz W 2015. Neuronal reward and decision signals: From theories 

to data. Physiol Rev 95(3):853–951.  
Selye H 1956. The Stress of Life. McGraw-Hill, New York.  
Shachal EA, Chapman Y, Steinberger Y 1976. Feeding, energy flow 

and soil turnover in the desert isopod, Hemilepistus reaumuri. 

Oecologia 24:57–69.  
Shipton P 1990. African famines and food security: Anthropological 

perspectives. Annu Rev Anthropol 19:353–394.  
Singhi S, Ravishanker R, Singhi P, Nath R 2003. Low plasma zinc and 

iron in pica. Indian J Pediatr 70:139–143.  
Singhi S, Singhi P, Adwani GB 1981. Role of psychosocial stress in the 

cause of pica. Clin Pediatr 20:783–785.  
Stein DJ, Bouwer C, van Heerden B 1996. Pica and the obsessive-

compulsive spectrum disorders. S Afr Med J 86(12l):1586–1588.  
Stiegler L 2005. Understanding pica behavior: A review for clinical and 

educational professionals. Focus Autism Other Dev Disabil 20:27–38.  
Stroman D, Young C, Rubano AR, Pinkhasov A 2011. Adult-onset pica 

leading to acute intestinal obstruction. Psychosomatics 

52(4):393–394. doi: 10.1016/j.psym.2011.01.031.  
 
 
 
 
 
 

 
9780367352868 _ C004.indd  89  30 - 08 

-  

2019  07:17:23 



 
90 Geophagia 

 

Sugita K 2001. Pica: Pathogenesis and therapeutic approach. Nippon 

Rinsho 59(3):561–565.  
Taylor SB, Lewis CR, Olive MF 2013. The neurocircuitry of illicit 

psychostimulant addiction: Acute and chronic effects in humans. 

Subst Abuse Rehabil 4:29–43.  
Teinourian B, Cigtay AS, Smyth NP 1964. Management of ingested 

foreign bodies in the psychotic patient. Arch Surg 88:915–920.  
Thompson B, Amoroso L (editors) 2014. Improving Diets and 

Nutrition: Food-Based Approaches. FAO and CAB International, 

Rome and Wallingford.  
Tritsch NX, Sabatini BL 2012. Dopaminergic modulation of synaptic 

transmission in cortex and striatum. Neuron 76:33–50.  
Unger EL, Bianco LE, Jones BC, Allen RP, Earley CJ 2014. Low brain 

iron effects and reversibility on striatal dopamine dynamics. Exp 

Neurol 261:462–468.  
UNICEF 2017. Micronutrients and Hidden Hunger. Available at: 

https://www.unicef.org/republicadominicana/english/survival_ 

development_12473.htm  
United States Department of Agriculture, National Institute of Food 

and Agriculture (Retrieved 2019) Food Quality. Available at: 

https:// nifa.usda.gov/topic/food-quality  
United States Department of Agriculture 2013. National Agricultural  

Library. Available at: http://ndb.nal.usda.gov. Accessed 2017.  
United States Department of Agriculture 2017. Vitamins and Minerals.  

National Agricultural Library.  
Van Huis A 1996. The traditional use of arthropods in Sub Saharan 

Africa. Proc Exp Appl Entomol 7:3–20.  
van Vliet S, Burd NA, van Loon LJ 2015. The skeletal muscle anabolic 

response to plant- versus animal-based protein consumption. J 

Nutr 145(9):1981–1991.  
Vermeer DE 1966. Geophagy among the TIV of Nigeria. Ann Assoc 

Am Geogr 56:197–204.  
Wasantwisut E 1997. Nutrition and development: Other micronutrient‘ 

effect on growth and cognition. Southeast Asian. J Trop Med 

Public Health 28 Suppl., 2:78–82.  
Wiley AS, Solomon HK 1998. Geophagy in pregnancy: A test of a 

hypothesis. Curr Anthropol 39:532–545.  
World Health Organization (WHO), Food and Agricultural Organization 

(FAO) of the United Nations 2004. Vitamin and mineral 

requirements in human nutrition. Available at: https://www.who. 

int/nutrition/publications/micronutrients/9241546123/en/ 
 
 
 
 
 
 

 
9780367352868 _ C004.indd  90  30 - 08 

-  

2019  07:17:23 



 
Etiology of Geophagia   91 

 

World Health Organization 2017a. Nutrition: Micronutrients. Available  
at: http://www.who.int/nutrition/topics/micronutrients/en/  

World  Health Organization  2017. Nutrition:  What  Is Hidden  
Hunger?  Available  at:  http://www.who.int/nutrition/topics/  
WHO_FAO_ICN2_videos_hiddenhunger/en/  

Yager LM, Garcia AF, Wunsch AM, Ferguson SM 2015. The ins and outs 

of the striatum: Role in drug addiction. Neuroscience 301:529–541. 

Young SL 2010. Pica in pregnancy: New ideas about an old condition.  
Annu Rev Nutr 30:403–422.  

Youdim MB, Ashkenazi R, Ben-Shachar D, Yehuda S 1984. 

Modulation of dopamine receptor in the striatum by iron: 

Behavioral and biochemical correlates. Adv Neurol 40:159–170.  
Youdim MB, Ben-Shachar D, Ashkenazi R, Yehuda S 1983. Brain iron 

and dopamine receptor function. Adv Biochem Psychopharmacol 

37:309–321.  
Young SL 2011. Craving Earth: Understanding Pica: The Urge to Eat 

Clay, Starch, Ice, and Chalk. Columbia University Press, New York.  
Young SL, Sherman PW, Lucks JB, Pelto GH 2011. Why on earth?: 

Evaluating hypotheses about the physiological functions of 

human geophagy. Q Rev Biol 86(2):97–120.  
Yves G, Dechassa L 2000. Wild Food Plants in Southern Ethiopia: 

Reflections on the Role of Famine-Foods at a Time of Drought. 

UN-OCHA Report. Available at: https://en.wikipedia.org/wiki/ 

Famine_food  
Zalilah MS, Ang M 2001. Assessment of food insecurity among low 

income households in Kuala Lumpur using the Radimer/Cornell 

food insecurity instrument—A validation study. Malays J Nutr 

7:15–32.  
Zalilah MS, Tham BL 2002. Food security and child nutritional status 

among Orang Asli (Temuan) households in Hulu Langat, 

Selangor. Med J Malaysia 57:36–50.  
Zedlitz K. 2010. Pica—A historical ―eating disorder‖. Wurzbg  

Medizinhist Mitt 29:402–433.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
9780367352868 _ C004.indd  91  30 - 08 

-  

2019  07:17:23 



C h a p t e r 5 
 

 

Ill Effects of 

Geophagia on 

Nutritional Status of 

Preschool Children 
 
 
 
 
 
 
 
 

 

Malnutrition negatively affects growth during  intrauterine life 

as well as invariably disturbing the growth of the baby in postnatal 

life. It is manifested as a deficiency in the  
weight and/or height of a child according to his or her age. The 

deficiency of minerals in the body of children in the formative years 

of life is intensely implicated in malnutrition. Micronutrient 

inadequacy is closely linked to higher susceptibility to acquire 

infections, delayed recovery from infections, and frequent relapse of 

infections in children, thereby resulting in a high child mortality 

rate. According to Black et al. (2013) and Brennhofer et al. (2017), 

about 25% of the child mortality in the world is attributed to 

malnutrition; in other words, it is asserted by the authors that around 

3.1 million children die annually due to poor nutrition. 
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According to studies conducted by Geissler et al. (1998) and 

Ngure et al. (2013) in Zimbabwe and Kenya, geophagia was 

associated with a greater tendency toward helminthic infestation 

and environmental enteropathy in children who practiced it. A 

study by George et al. (2015) described the ill effects of 

geophagia that manifested in the form of inflammation of 

intestinal mucosa, malabsorption syndrome, and stunting among 

children. Further, the authors concluded there was insufficient 

information concerning the quantity, frequency, and type of soil 

ingested by the affected population of children. 
 

Perin et al. (2016), in a study in rural Bangladesh, described a 

relationship between geophagia and enteric infection in children 

who were afflicted with soil eating. This could lead to 

malnutrition. Perin et al. (2016) conducted a prospective cohort 

study composed of 216 children below the age of 5 years. The 

authors observed growth deficits in children who were involved 

in geophagia. They described deficiencies in the weight and 

height of affected children in comparison to those who were not 

addicted to the habit of soil eating. Perin et al. (2016) reported a 

prevalence of 21% of stunting in children. 
 

In the formative years, children pass through an oral stage and 

try to explore objects by putting them in the mouth, which is 

considered normal development. However, the soil that is 

ingested by a child in the act of exploration becomes injurious 

owing to its contaminants like worms, heavy metals, and other 

particulate matter that could damage the mucosa of the 

alimentary canal (Shivoga and Moturi 2009).  
Gupta (2015a, b) conducted a study in Fazilka city in the Punjab 

state in India. The study was composed of children from 2 years to 

under 5 years of age who resided in Fazilka. Children who were 

sick and uncooperative in physical examination were excluded from 

the study by the author. A sample size of 382 was estimated, and a 

non-response rate of 10% was computed, which, when added, 

resulted in a sample size of 440 children. The author undertook a 

descriptive cohort study. The structure of the sample showed 
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children (240/440) selected from schools, those (127/440) selected 

from anganwadi, and the remaining children (73/440) selected from 

slum areas. The author analyzed the data that originated from the 

study by physical examination, anthropometric examination, and 

personal interviews with caretakers, teachers, and parents of 

children. The author described a prevalence of 9.4% (41/440) of 

geophagia in the children, and posited that geophagia exhibited 

fluctuation according to age groups as a 20.2% prevalence of 

geophagia in the 2- to 3-year age group, while the prevalence was 

1.6% in children >3 to <5 years. 
 

The author calculated the odds ratio (OR) to analyze the presence 

of wasting among children who were addicted to geophagia in 

comparison to children who were healthy (geophagia absent). The 

author found a high odds ratio (22.89) at significance level p < 

0.0001 between the habit of geophagy and wasting in children. The 

author concluded that the habit of geophagia among children at the 

tender age of under 5 years increases manyfold the probability of 

malnutrition (wasting) in children. 
 

Gupta (2017) conducted a descriptive study among children below 

the age of 5 years in the city of Fazilka. The study was composed of 

440 children in the age group between 2 years and under 5 years. The 

author described that 41 children were affected with the habit of 

geophagia, with a prevalence of 9.4%. The remaining children (n = 
 

399) were healthy and without the habit of geophagia. Further, the 

author posited that about 51% (n = 21) of the geophagia-afflicted 

children (n = 41) suffered from stunting. Again, the author described 

that some of the children (n = 105) out of the total number of children 

(n = 399) who were without the habit of geophagia also suffered from 

stunting. Therefore, non-geophagia children showed a prevalence of 

26% of stunting. The author conducted a bivariate, inferential analysis 

of the data and described 2.9 times higher odds of stunting in children 

who practiced geophagia in comparison to children who did not have 

the habit of geophagia. 
 

Gupta (2015a,b), in another study, described the ill effects of 

geophagia on the affected preschool children. The author 
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observed that pallor was significantly detected upon physical 

examination of the children who had the habit of geophagia. In a 

statistical analysis, the author found that the possibility of the 

presence of pallor was 85 times higher [geophagy and pallor, OR 
 

= 0.527/0.0062 = (85.64) 95%, CI (20.22–362.6)] in children 

who practiced geophagia in comparison to those who were 

healthy and without the habit of geophagia. This was explored 

by computing the odds ratio. This compared the odds of pallor in 

the presence of geophagy, the predictor variable, with those of 

the absence of geophagy. The odds ratio between poor growth 

during infancy and early childhood remains an important risk 

factor for childhood morbidity and mortality and a major public 

health challenge in low- and middle-income countries. 

Childhood stunting is a risk factor for diminished survival, short 

adult height, impaired intellectual development, reduced 

economic productivity, and offspring with low birth weight.  
Globally, approximately 178 million children less than 5 years 

of age are stunted, with an estimated 35% of child deaths 

attributed to suboptimal nutrition.  
Environmental enteropathy is a disorder of the intestinal mucosa 

and is characterized by its chronic inflammation. This disorder is 

prevalent in the child population residing in poor settings. 

According to Solomons (2003; Black et al. 2018), it is a leading 

cause of stunting among children in developing countries. It is 

manifested as low localized immunity of the gut and chronic 

inflammation. According to Humphrey (2009), environmental 

enteropathy is the second most important cause of growth deficits 

among children. The habit of geophagia predisposes children to 

environmental enteropathy and malnutrition. Solomons (2003) 

postulated uncertainty of the etiology of environmental enteropathy; 

nonetheless, it is associated with poor sanitation, unsafe drinking 

water, and unhygienic practices in daily life. These conditions 

predispose the fecal-oral route of infection (Wagner and Lanoix 

1958). The authors described food, fluids, house flies, and fingers in 

the spread of infection in the fecal-oral route. 
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Conclusion 

 

A Authors, historians, clinicians, and anthropologists agree 

universally that geophagia is a global phenomenon. 
 

B The habit of geophagia exhibits adaptive potential 

among humans. 
 

C Geophagia is an aberrant eating behavior that has myriad 

causal factors in its pathogenesis that in turn interplay. The 

factors could be classified into two main categories, 

biological and cultural. 
 

D Geophagia has a strong cultural underpinning that is 

evident from the fact that it is deeply instilled in societies in 

the form of rituals and beliefs. Therefore, geophagia has 

been labeled a ―cultural institution‖ by Hunter, especially 

in the African subcontinent. 
 

E Extensive cross-cultural data are essential to understand the 

exact role of geophagia in human civilization. Data should be 

collected from the part of the world where it is strongly 

prevalent. The daily life of inhabitants should be monitored. 

Geophagia samples should be investigated. The age and 

gender predilection of geophagia should be explored. The 

roles of natural calamity, food policy of a nation, food 

security, and population density should be studied to pinpoint 

the exact cause of geophagia among humans. 
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