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Abstract
Introduction and purpose:

Gluten-free diet have gained immense popularity in recent years, both as a treatment for
coeliac disease and as a lifestyle choice for those who believe it is healthier. However,
concerns have been raised about potential nutrient inadequacies resulting from the elimination
of gluten-containing grains. The purpose of this review is to assess the state of knowledge

regarding the impact of a gluten-free diet on nutritional status.
Materials and methods:

A comprehensive search was conducted using electronic database PubMed to identify relevant
studies published between 1999 and 2022. Keywords such as "gluten-free diet" and
"nutritional deficiencies" were used in combination with Boolean operators to refine the

search.

A brief description of the state of knowledge:
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Analysis of studies revealed that individuals adhering to a gluten-free diet may be at risk of
nutritional deficiencies including micronutrients such as vitamin D, vitamin E, vitamin B
complex along with minerals, in particular iron, zinc, calcium, magnesium as well as fibre.
Furthermore, higher levels of fat and sugar were observed in the composition of gluten-free

products.
Conclusions:

Based on the current body of literature, it is evident that a gluten-free diet results in certain
nutritional deficiencies. Individuals following gluten-free diet should be aware of potential
risks and take appropriate measures to ensure a well-balanced and nutrient-rich diet.
Nutritional guidance should be provided to individuals to address specific nutrient

deficiencies associated with a gluten-free diet.

Keywords: gluten-free diet; nutritional deficiencies; gluten-free; fibre; vitamins; coeliac

disease

Introduction

Under the common name gluten, there are individual components of the protein contained in
cereals like wheat, rye and barley.[1] Coeliac disease is an autoimmune disorder caused by
gluten intolerance and affects between 0,5 to 2% of the general population. In genetically
predisposed people, intake of gluten proteins triggers a cascading immune response causing
tissue damage and atrophy of the intestinal villi- protrusions of the intestinal mucosa
responsible for the absorption of nutrients from food in the small intestine. It leads to
malabsorption, malnutrition and nutrient deficiencies in the body. Coeliac disease can be
classified into classical, non-classical, and subclinical forms based on the clinical features
observed during diagnosis. Classical form of coeliac disease is characterized by
gastrointestinal symptoms such as abdominal pain, bloating and diarrhoea. Other symptoms
include weight loss, poor appetite, and muscle wasting. Non-classic coeliac disease presents
with non-specific gastrointestinal symptoms such as bloating or constipation as well as
symptoms that are not primarily related to gastrointestinal tract.[2] It may manifest as
unexplained iron-deficiency anaemia, osteoporosis, neurological symptoms such as headaches

and peripheral neuropathy, dermatitis herpetiformis or arthritis. [3] Subclinical Coeliac
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Disease refers to cases where individuals have no apparent symptoms, despite having the
characteristic intestinal damage caused by gluten ingestion. It is often detected through
routine screening or investigation of related conditions. [2] The only effective treatment for
coeliac disease is a strict and lifelong adherence to a gluten-free diet. A majority of coeliac
patients experience symptom and serologic as well as histological remission when gluten is
entirely eliminated from their diet. [4]According to reports, eliminating gluten can help
prevent numerous disease complications, and in the case of children, following a gluten-free
diet can facilitate a return to normal growth and development. [5] Non-coeliac gluten
sensitivity is a form of gluten intolerance in which individuals experience symptoms similar
to those of coeliac disease, such as digestive issues, fatigue and headaches, but without the
characteristic damage to the small intestine seen in coeliac disease. Although the exact
mechanisms are not fully understood, non-coeliac gluten sensitivity is distinct from coeliac
disease and wheat allergy. A gluten-free diet is typically recommended for individuals with
this condition to manage symptoms.[6] Besides the aforementioned indications, a gluten-free
diet is also recommended for gluten allergy, dermatitis herpetiformis, and gluten ataxia.[7]
There has been a significant increase in awareness and diagnosis of gluten-related disorders
over past decades.[8] As a result, more patients are adopting gluten-free diet as a necessary
medical requirement. There is also a growing perception that gluten-free diets are generally
healthier, even for individuals without coeliac disease. [9]The media plays a role in shaping
public opinion and trends. Increased media coverage of gluten-related disorders and
endorsements by celebrities and influencers who claim to feel better on a gluten-free diet not
only have helped raise awareness or popularize this dietary choice but also created a general
belief that gluten is harmful or that removing gluten will automatically lead to improved
health. [10]The food industry has responded to the growing demand for gluten-free options by
expanding the availability of gluten-free products. Grocery stores, restaurants and cafes now
offer a wider range of gluten-free alternatives, making it easier for individuals to adhere to a
gluten-free diet. Many people associate a gluten-free dietary approach with weight loss,
increased energy, and better digestion. While scientific evidence supporting these claims is
limited for the general population, some individuals may experience improvements in these
areas when they eliminate gluten due individual sensitivities. [11] The growing popularity of
gluten-free diets has raised concerns about potential nutritional deficiencies in those following
them. Gluten-free products often have a different nutritional composition compared to their

gluten-containing counterparts. This review aims to evaluate the existing scientific literature
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to determine if a gluten-free diet leads to nutrient deficiencies and to identify strategies to

mitigate such deficiencies.
Methods

To identify suitable literature, the authors employed a comprehensive search strategy. They
extensively searched electronic database PubMed, utilizing relevant keywords and
combinations such as “gluten-free diet” and “nutritional deficiencies”. Studies investigating
the effect of gluten-free diet on nutrient intake, both in individuals with coeliac disease and
those without any diagnosed gluten-related disorders, were included. The selected studies
were critically analysed to assess the impact of gluten-free diets on macronutrient and
micronutrient intake, as well as any associated deficiencies. Searches for studies constituting
the basis of the article took place in the period from March to June 2023 and included only
articles in English. As a result of the search, 89 articles were collected, of which 64 were
rejected because they presented a different topic, unrelated to the main issue of the review.

The remaining articles were found to meet the search criteria and our research objective.
Nutritional composition of gluten-containing grains

As is well known, products that typically contain gluten in their composition are wheat-based
products: bread, pasta, cereal, flour, couscous, crackers, and baked goods like cookies, cakes,
and pastries, barley-based products: barley malt, malt vinegar, malted beverages, and certain
cereals, rye-based products: rye bread, rye flour, and some types of rye beer, other grains:
some oats may contain gluten due to cross-contamination during processing. Processed foods
such as sauces, dressings, soups, gravies, processed meats and packaged snacks can also
contain hidden sources of gluten. Gluten is a mixture of proteins found in wheat, barley and
rye. These proteins are called prolamins due to the large share of prolamin and glutamine
residues in their structure. Wheat prolamins consist of gliadins and glutenins, while rye
prolamins are called hordeins and barley prolamins are called secalins.[12] These proteins
ensure the stability and extensibility of the gluten, which gives the dough an elastic
consistency and makes it easier to rise during baking.[1] Grains containing gluten provide
several nutritional benefits. They are a good source of carbohydrates, dietary fibre, and
essential nutrients like iron, B vitamins such as thiamine, riboflavin, niacin, folate, and
minerals like magnesium and zinc. Additionally, whole grains containing gluten can

contribute to a healthy diet by providing antioxidants and phytochemicals.[13]
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Nutritional deficiencies in patients with coeliac disease

When individuals with coeliac disease consume gluten, their immune system reacts by
attacking the mucosa of the small intestine, causing inflammation and damage to the villi. The
damaged villi are less effective in absorbing nutrients, such as iron, calcium, folate, vitamin D,
vitamin B12, zinc and magnesium. The destruction of the villi decreases the surface area
available for nutrient absorption. As a result, the overall absorption capacity of the small
intestine is compromised. Secondary lactose intolerance is common in patients with coeliac
disease due to decreased production of lactase by damaged villi. Limiting the consumption of
milk and dairy products to avoid lactose as well as malabsorption can contribute to calcium,
phosphorus and vitamin D deficiency.[14] Due to impaired iron absorption in the proximal
small intestine, coeliac disease is known to be associated with iron deficiency anaemia.
Coeliac disease can also affect the absorption of fats, leading to deficiencies in fat-soluble
vitamins like vitamin A, vitamin E, vitamin D, and vitamin K. Vitamin A deficiency can
manifest as night blindness or conjunctival dryness. Vitamin D deficiency may cause
ostelomalacia, which manifests itself as muscle pain and weakness. Low levels of vitamin E
may be associated with neuropathy and gait disorders, while vitamin K deficiency causes a
decrease in synthesis coagulation factors II, VII, IX and X and the occurrence of
haemorrhages. Insufficient absorption of folic acid and vitamin B12 can lead to red blood cell
macrocytosis. Zinc deficiency states in the body are manifested by immunodeficiency, poor
wound healing and alopecia. [15]The chronic inflammation in the small intestine can disrupt
the normal functioning of the digestive system, affecting the production of digestive enzymes
and the release of bile acids, which are necessary for proper digestion and absorption of
nutrients. Moreover, people with coeliac disease often experience gastrointestinal symptoms
such as diarrhoea, abdominal pain, and bloating, which can also further contribute to
malabsorption and nutritional deficiencies. The severity of the previously mentioned
nutritional deficiencies is influenced by various factors, including the duration of living with
the undiagnosed yet active disease, the level of damage to the intestinal tract, and the extent of
malabsorption. [14]It is crucial for individuals with coeliac disease to avoid gluten exposure
and allow the intestines to heal. The adoption of a strict gluten-free diet in the majority of
patients is undeniably associated with improvements in histological lesions, blood
biochemistry, clinical manifestations, and the overall risk of complications related to coeliac

disease.[16] Nevertheless, certain research has indicated that complete adherence to a gluten-

145



free diet fails to eradicate all pre-existing nutritional deficiencies[15][17] and in some cases,

nutritional deficiencies developed only after many years of following a gluten-free diet.[18]
Gluten-free diet

A gluten-free product contains <20 ppm of gluten, accounting for potential contamination
during production. [19]A gluten-free diet involves avoiding foods that contain wheat, barley,
rye, and their derivatives. This includes products like bread, pasta, cereals, baked goods, and
many processed foods that may contain hidden sources of gluten. However, there are
numerous naturally gluten-free foods that can be enjoyed, such as fruits, vegetables, meat, fish,
dairy products, legumes, nuts, and gluten-free grains like rice, corn, quinoa, and millet. Over
time, the advancement of scientific research, intense marketing efforts, and media attention
regarding the advantages of a gluten-free diet have prompted food companies to increase their
production of gluten-free options. This significant rise in gluten-free alternatives enables
individuals with coeliac disease to adopt dietary habits and patterns similar to the general
population. To assist consumers who follow a gluten-free diet, the Food and Drug
Administration (FDA) implemented a rule for gluten-free labelling, specifying the legal
obligations for labelling products as "gluten-free", "free of gluten", "without gluten" or "no
gluten". Additionally, local organic food stores commonly offer gluten-free products like
bread and pasta, albeit at a slightly higher price and with a distinct flavour compared to their
gluten-containing counterparts.[20] For years, a gluten-free diet has been widely recognized
as the only effective remedy for coeliac disease. Complying strictly with this diet has proven
to bring about substantial improvement, if not complete restoration of the intestinal mucosa.
[21]By promoting small bowel recovery, the gluten-free diet helps alleviate symptoms related
to malabsorption, such as diarrhoea, steatorrhea, and weight loss. Additionally, various studies
have highlighted notable improvements in bone mineral density in patients following the diet.
Despite numerous research efforts to explore alternative treatments for coeliac disease, the
gluten-free diet remains the sole effective option currently available. [22] Nevertheless,
adopting a gluten-free diet brings about significant lifestyle changes that can present
numerous difficulties. Those adhering to a gluten-free diet face the daily challenge of cross-
contamination, as sharing cupboards, countertops and kitchen appliances with individuals
who don't follow the same diet can create opportunities for unintentional gluten exposure that
hampers the effectiveness of the diet. Moreover, processed foods that contain gluten-based
ingredients raise concerns, as hidden sources of gluten can be found in certain soups,

processed meat, French fries, seasonings and beer. Finally, gluten-free products tend to be
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more costly compared to their gluten-containing counterparts, and there are apparent

nutritional drawbacks associated with the gluten-free diet.[20]
Nutrient deficiencies in individuals on a gluten-free diet
Dietary fibre

Following a gluten-free diet is a potential for low fibre intake. Fibre insufficiency may arise
both at the time of diagnosis of coeliac disease and while adhering to a gluten-free diet. Upon
diagnosis, the deficiency can be attributed to reduced absorption caused by villi atrophy.
While following a gluten-free diet, it may be linked to the subpar quality of gluten-free
products, individual choices made by patients, and the exclusion of various fibre-rich foods.
[5] Whole grains are an important source of dietary fibre, and their elimination from the diet
can result in a lower fibre intake.[23] The composition of numerous gluten-free foods,
predominantly consisting of starches and refined flours lacking in fibre, is highly probable as
the underlying cause for this phenomenon. Through the process of refinement, the outer layer
of grain, which harbours a significant portion of the fibre, is stripped away, leaving behind
solely the inner starchy layer. Low fibre intake is associated with various health problems,
including constipation, diverticulitis, and increased risk of colorectal cancer. Therefore,
people on a gluten-free diet should aim to consume fibre-rich foods, such as fruits, vegetables,

nuts, and seeds.[24]
Vitamins

Coeliac patients, particularly when left untreated, experience vitamin deficiencies primarily
caused by malabsorption in the small intestine. However, the latest research shows that the
introduction of a gluten-free diet does not eliminate nutritional deficiencies. [5] Numerous
studies have demonstrated that following a gluten-free diet results in deficiencies in vitamin D
and vitamin E, alongside insufficient intake of B complex vitamins such as folate (B9),
thiamine (B1), riboflavin (B2), and pyridoxine (B6).[5, 23] Certain gluten-free cereal products
may be associated with reduced vitamin intake. Several studies indicate that these specific
products contain lesser quantities of folate when compared to their gluten-containing
alternatives. [18,24] Folate supplementation is recommended when following a gluten-free
diet. Some naturally gluten-free products may serve as a beneficial folate source. Quinoa and
amaranth have a notable quantity of folic acid. Additionally, these grains are rich in vitamins
such as riboflavin, vitamin C, and vitamin E. Gluten-containing grains are fortified with

various vitamins, especially B vitamins such as thiamine, riboflavin, niacin, and folic acid.
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Reduced levels of B group vitamins have been linked to a decline in overall quality of life,
while taking supplements of these vitamins has been shown to enhance general well-being.[25]
When following a gluten-free diet, it's important to ensure alternative gluten-free products are
also fortified or to seek other dietary sources of these vitamins. Additionally, incorporating a
variety of fruits, vegetables, lean proteins and dairy or dairy alternatives (if tolerated) can help
provide a range of essential vitamins.[24] Consuming a minimum of five servings of fruits
and vegetables daily is crucial, especially for individuals with coeliac disease. This
recommendation is essential because these foods contain antioxidants, which play a protective
role in preventing issues related to oxidative damage. Patients with coeliac disease are at a
significant risk of developing osteoporosis. Regrettably, simply removing gluten from the diet
does not consistently restore normal bone mineral density, and adopting a gluten-free diet
often leads to an imbalance in calcium and Vitamin D. Multiple studies have indicated that
individuals with coeliac disease tend to consume lower levels of calcium and vitamin D than
what is recommended. [14,24] Calcium levels can be brought back to normal by using a

combination of gluten-free diet and the addition of vitamin D supplements.[5]
Minerals

Research has demonstrated that certain gluten-free products contain reduced levels of iron,
magnesium, zinc, manganese, selenium, calcium or lack consistent fortification/enrichment
when compared to their gluten-containing alternatives.[14,23] Iron deficiency anaemia can be
a complication of a gluten-free diet. Therefore, it is crucial to advise patients to incorporate
naturally gluten-free foods that are high in iron, such as meat and vegetables, into their diet.
Additionally, they should diligently examine food labels of gluten-free products to assess their
iron content. Whole grains, which are eliminated in a gluten-free diet, are a significant source
of magnesium. Magnesium is involved in various bodily processes, including energy
production, muscle function, and nerve transmission. Deficiency of magnesium can lead to
symptoms like muscle cramps, weakness, and abnormal heart rhythms. Zinc is commonly
found in gluten-containing foods like wheat germ and fortified cereals. Zinc is essential for
immune function, wound healing, and cell growth. Inadequate zinc intake can result in
weakened immune function and delayed wound healing.[5] Many gluten-containing foods are
also good sources of calcium, such as fortified cereals, bread, and pasta. Insufficient calcium
consumption may also be associated with limited dairy intake due to lactose intolerance.

Consequently, in cases where patients have lactose intolerance and adhere to a gluten-free diet,
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it might be worth considering calcium supplements as dairy consumption is likely to be

significantly reduced or eliminated.[25]
Macronutrients

Individuals who adhere to a gluten-free diet face inadequate intake of macronutrients and
energy. This may be attributed to the emphasis on avoiding gluten, which often overlooks the
significance of ensuring nutritional adequacy in food choices. It is commonly recognized that
gluten-free products generally contain higher amounts of carbohydrates and lipids, especially
saturated fatty acids, compared to their gluten-containing counterparts. When it comes to
proteins, animal food is typically the primary source in a gluten-free diet. Nonetheless, a
number of studies have indicated that certain minor cereals and pseudo-cereals contain a
higher protein content than commonly consumed cereals.[5] Continuing with the topic of
macronutrient intake, it has been noticed that individuals adhering to a gluten-free diet often
consume excessive amounts of fat. This is primarily due to the fact that gluten-free products
are typically higher in fat content, as they use fat as a substitute for gluten. The extent of the
consumption of specific gluten-free products is noteworthy, and certain studies indicate a
correlation between following a gluten-free diet and elevated levels of saturated fatty
acids.[25] The excessive consumption of dietary fats plays a significant role in the onset of

conditions like coronary heart disease and obesity.[14]

Following a gluten-free diet involves refraining from consuming cereals that contain gluten,
which happen to be the most commonly eaten cereals and serve as the foundation of balanced
diet. Therefore, without appropriate guidelines, following this diet can lead to an imbalance.
Individuals adhering to a gluten free diet often have a reduced intake of carbohydrates
because they fear gluten consumption and consequently avoid cereals, particularly those rich
in complex carbohydrates. However, their total carbohydrate intake may still be adequate due
to the excessive consumption of simple sugars and processed foods.[25] Furthermore, when
discussing carbohydrates, an important factor to consider is the glycaemic index (GI). People
following a gluten-free diet may face an elevated risk of obesity due to the high glycaemic
index of gluten-free foods. When comparing the nutritional composition of gluten-free bread
and its regular counterpart, it was discovered that gluten-free products exhibit a high
glycaemic index.[24] Additionally, these products tend to have low protein content and
increased fat content. Hence, it can be inferred that the observed imbalances are not solely
attributable to the limited or non-existent consumption of cereals containing gluten, but also

to the high intake of processed gluten-free products and the insufficient consumption of
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vegetables and legumes. It is essential to carefully examine food labels and the content of

macronutrients, especially fat, when adhering to a strict gluten-free diet.[5]
Strategies to prevent nutrient deficiencies

Obtaining guidance from a nutrition expert is strongly recommended when starting a gluten-
free diet. It is important to regularly monitor patients and enhance their understanding of a
gluten-free diet. It should be noted that a well-balanced and diverse gluten-free diet,
containing plenty of fruits, vegetables and fibres, does not inevitably result in malnutrition.
One effective recommendation would be to enhance the diet by encouraging greater
consumption of plant-based foods, including fruits, vegetables, legumes, nuts, naturally
gluten-free whole grain cereals, and pseudocereals, while simultaneously reducing the intake
of gluten-free products. In terms of macronutrients, the focus should be on reducing the intake
of low-quality fats and simple sugars while increasing the consumption of complex
carbohydrates. Incorporating pseudo-cereals like quinoa and amaranth is highly recommended
as they are cost-effective and serve as valuable sources of micronutrients such as folate,

riboflavin, vitamin C, and vitamin E. [25]
Conclusion

When examining the nutritional value of the gluten-free diet, it is common to find significant
deficiencies in both essential macronutrients and micronutrients. Specifically, there is a
noticeable decrease in vitamins and minerals and increased risk of obesity due to the high
glycaemic index and high saturated fat content of the gluten-free diet. Some individuals who
follow a gluten-free diet as well as patients with coeliac disease may continue to experience
deficiencies in important nutrients, particularly fibre, vitamin B complex, vitamin D, calcium,
iron, zinc, and magnesium. To address these issues, it is important to incorporate nutrition
education into the treatment plan, helping individuals understand the significance of food
labels, making appropriate food choices, and ensuring an adequate combination of macro- and
micronutrients. Additionally, the dietary approach should promote the consumption of
naturally gluten-free products, such as pseudo-cereals and minor cereals which have
represented a good source of carbohydrate, dietary fibre, minerals, vitamins and phenols.[14]
For those without diagnosed gluten-related disorders, adopting a gluten-free diet should be
carefully considered, taking into account potential nutritional consequences. Further research
is needed to better understand the long-term effects of gluten-free diets on nutritional status

and the role of dietary interventions to mitigate potential deficiencies.
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