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Abstract 

The material of this study consists of 3701 newborns in the neonatology section, Maternity Hassan II Hospital, Agadir, 
Morocco from April 2016 to April 2018. For each newborn, several variables were recorded (birth weight, sex, 
consanguinity, gestational age, economic and social situation of parents, etc.). They types of birth defects have been 
classified according to the International Classification of Diseases (ICD-10). Of the 3701 newborns, 171 are carriers of 
congenital anomalies. This represents a prevalence of 4.6% (95% CI: 3.9% - 5.3%). The prevalence of LBW was 8.7% 
(95% CI: 7.7% - 9.6%). Of all newborns, 715 (19,64 %) were from consanguineous marriages and the mean inbreeding 
coefficient for the present study was 0.012. The prevalence of congenital malformations were more frequently observed 
in consanguineous (7.69%) compared to non-consanguineous (3.76%). A significant association with consanguinity 
was observed for the congenital anomaly (p-value = 0.00052) and for LBW (p-value = 0.0008). Consanguinity was 
identified as significant risk factors associated with LBW and CA in this study.  

Keywords: Birth defects; LBW; Consanguinity; Agadir; Morocco 

1. Introduction

According to the World Health Organization, approximately 76,000 newborn babies die each year before the age of 28 
days from birth defects [1]. These anomalies result from a pathological process during embryonic development, 
following a genetic (intrinsic) predisposition or the exposure of an extrinsic risk factor or a combination of both [1,2]. 
The prevalence of major CMs is around 3.0% of live births [3,4]. Global surveys have shown that the prevalence of birth 
defects varies considerably from country to country. A wide variation in this prevalence is observed worldwide and 
ranges from less than 1.0% to more than 8.0%. 

The global incidence of LBW is around 17%, although estimates vary from 19% in the developing countries (countries 
where it is an important public health problem) to 5–7% in the developed countries [5]. The estimated global prevalence 
of LBW in 2015 was 14.6% (uncertainty interval: 12.4 -17.1) and that 20.5 million (17.4 to 24.0 million) live births were 
to low birth weight children, 91% in low income countries and intermediate, mainly South Asia (48%) and sub-Saharan 
Africa (24%) [6]. Several studies have analyzed the relationship between these major newborn health problems and the 
degree of consanguinity. Some studies have shown a significant association between inbreeding and CA [7,8] and LBW 
[9,10]. 
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The main objective of this study is to analyze the effect of inbreeding as a risk factor for CA and LBW in the region of 
Agadir in Morocco. In Morocco, only a few studies exist concerning the association between birth defects and 
consanguinity. This work constitutes a contribution to a better understanding of these risk factors which are involved 
in the incidence of congenital anomalies an LBW in Morocco and in the region concerned by the study.  

2. Material and methods 

2.1. Data collection  

This is a case-control study which was carried out in the pediatrics and neonatology department of the Hassan II hospital 
in Agadir. The study population consists of 3701 newborns admitted to the neonatology service from April 2016 to April 
2018. The team of this study worked in the neonatal service of the hospital 3 days a week and the newborns included 
in this study are those whose parents cooperated voluntarily and fully to answer the various questions of the 
questionnaire survey. For each newborn, a questionnaire is completed including information relating to biological, 
economic and social factors, including maternal age, place of residence, educational level and socio-economic level. The 
types of birth defects have been classified according to the International Classification of Diseases (ICD-10) codes (5). 
The diagnosis of congenital anomalies is based on the clinical evaluation of the newborn by the pediatrician and other 
appropriate investigation methods such as radiography, ultrasound, echocardiography, etc.  

2.2. Consanguinity data  

Families were considered to be consanguineous if there was intermarriage between first cousins or other close relatives. 
In clinical genetics a consanguineous marriage is most commonly defined as a union between a couple related as second 
cousins or closer, equivalent to an inbreeding coefficient in their progeny of F ≥ 0.0156 (15). The inbreeding coefficient 
(F) was calculated for each newborn and the mean (α) was estimated according to the formula  

α = Σ fiFi 

where (fi) the proportion of each type of consanguineous relationship "i", and (Fi) the corresponding inbreeding 
coefficient. Consanguineous marriages were classified by the degree of relatedness between couples: first cousins (F = 
0.0625), double first cousins (F = 0.125), second cousins (F = 0.0156) and first cousin once removed or double second 
cousin (F = 0,0313). 

2.3. Statistical data analysis  

The data collected were first tabulated in Microsoft Excel and basic summer statistics were compiled from the data. For 
socio-demographic variables, the analyzes for significant associations were carried out using the chi-square test. 
Statistical analyzes were performed using IBM SPSS Statistics version 24 (IBM Corp) and R for Windows version 3.5.3 
(R Core Team). 

3. Results  

Figure 1, shows the geographical distribution of the mothers’ places of residence included in this study. Of the 3640 
families, 96% are domiciled in the Souss Massa region with 42% are from the city of Agadir and 47% from the city of 
Inezgane and the cities of Tiznit and Taroudant come in third place with a percentage of 3%. 2088 (57.36%) of the 
couples in the sample live in an urban area and 1,552 (42.64%) live in rural areas. 

Of all newborns, 715 (19,64 %) were from consanguineous marriages and the mean inbreeding coefficient (α) for the 
present study was 0.0119. The examination of data on the kinship of the newborns’ parents revealed that for all 
consanguineous marriages, 611 (85 %) marriages were between first cousins, 64 (9 %) between second cousins and 29 
(4 %) between double first cousins and the frequency of other marriages was very low (Table 1).  

The sociodemographic characteristics of consanguineous and non consanguineous distribution in this study is shown 
in Table 2. Among the 3640 newborns, 1831 are males (50.31 %) and 1809 are females (49.69 %) and no significant 
association was found between consanguinity and gender. A significant association was found between the degree of 
consanguinity and low educational level of the mother (p-value = 0,020) and the father (p-value = 0,0017). The 
difference between the proportion of consanguineous marriages in urban and rural areas was found to be highly 
significant. 1552 (42.64%) families resided in rural areas and 2088 (57.36%) in urban areas. The degree of 
consanguinity in rural areas was 22.4% against 17.58% in urban areas and the mean coefficient of consanguinity 
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estimated in the rural and urban areas was (0,01399) and (0,0102) respectively. For mother’s educational level, The 
proportion of consanguineous marriages among mothers with low educational level was 21.40 % against 18.30 % for 
mothers with a high or medium educational level. The same trend was observed for the father’s educational level where 
a significantly higher proportion of consanguineous marriages is observed among fathers with a low level (23.23 %) 
compared to a medium or high level (18.56 %). 

Table 1 Frequency distribution of various types of consanguineous marriages 

Type of marriage F n 

First cousins 0,0625 611 

Second cousins 0,0156 64 

Double first cousins 0,125 29 

First cousins once removed 0,03125 7 

Double second cousins 0,03125 4 

Total consanguineous  715 

Non consanguineous  2986 

Total  3701 

Mean coefficient of consanguinity  0,0119 

 

Table 2 Characteristics according newborn consanguinity 

Characteristics  Frequency Percent (%) C NC χ2  p-value 

Gender 
Males 1831 50.31 366 1465 0.279 0.587 

Females 1809 49.69 349 1460   

Residence 
Rural  1532 42,09 348 1204 13.24 0.0003 

urban 2108 57,91 367 1721   

Mother’s educational level 

low 1575 43,27 337 1238 5.041 0.020 

Medium 1778 48,84 324 1454   

High 287 7,89 54 233   

Father’s educational level 

low 904 24,84 210 694 9.505 0,0017 

Medium 2151 59,09 402 1749   

High 585 16,07 103 482   

Family socio-economic level 

low 1297 35,63 250 1047 1.650 0.438 

Medium 2268 62,3 446 1822   

High 75 2,07 19 56   

LBW Yes 320 8,64 78 242 5.75 0.0008 

 No 3381 91,35 637 2744   

CA Yes 171 4,62 55 116 18.09 <0.0001 

 No 3530 95,38 669 2861   

C: consanguineous, NC: non consanguineous, LBW: low birth weight, CA: Congenital anomalies. 
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Figure 1 Geographic distribution of mothers’ places of residence 

4. Discussion 

Our study also shows that consanguinity is very highly associated with the onset of birth defects. The level of 
consanguinity has been reported by several authors as a risk factor for congenital anomalies [11-13]. The level of 
consanguinity was highest among birth defects, and relatives were more likely to have infants with multiple 
malformations [11]. Shieh et al., Have shown that congenital heart disease is more frequent in consanguineous unions 
in the study population, mainly when the coefficient of consanguinity is greater than or equal to 0.0625 [12]. The 
prevalence of congenital anomalies has been observed mainly in consanguineous marriages compared to non-
consanguineous marriages [13]. In a population with a medium or high degree of consanguinity, the formulation of a 
public health program with a multi-approach strategy, including education on the genetic consequences of 
consanguineous marriages, prenatal diagnosis, neonatal screening and genetic counseling is a necessity to avoid an 
excessively high prevalence of congenital anomalies [14]. 

The prevalence of LBW in our study in the region of Agadir was 8.7% (95% CI: 7.7% - 9.6%). This value is close to that 
given by the WHO in 2004 for Moroccan newborns (11%) [15]. This prevalence value is intermediate between that 
estimated at Mohammadia 5.3% [16] and that reported in the region of Marrakech 12.31% [17]. A significant statistical 
association between LBW and consanguinity. This result is confirmed by other works. Similarly, In Morocco, the risk of 
LBW was high among between related spouses [16]. In Jordan and in Saudi Arabia, consanguineous marriages were 
significantly associated with low-birth-weight delivery [18,19]. In others studies in Iran and Pakistan, consanguineous 
marriages, and especially between first cousins, have been shown to increase the risk of having a newborn with low 
birth weight [20,21]. 

5. Conclusion 

According to this study, the degree of consanguinity in this region was shown to be around 20%. Consanguineous 
marriages between first cousins are the most common among other types of consanguineous unions. The reduction in 
the incidence of birth defects requires an improvement in the level of education with better social conditions and a 
better awareness of the risks of morbid diseases linked to consanguinity.  
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