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↑What is “already known” in this topic: 
The etiology of the occurrence of congenital anomalies is still 
largely unknown. However it has been shown that selected 
groups of defects at birth may be prevented if exposure to three 
major common risk factors (including obesity, pre-gestational 
diabetes and smoking) are modified at population.   
 
→What this article adds: 

This study showed that main anomalies attributed to "obesity" 
include Spina Bifida 40.1% (95% CI: 31.7-47.7), 
Hydrocephaly 26.8 (95% CI: 9.3-42.3) and Anencephaly 17.4 
(95% CI: 1.6-31.9). The highest attributable defect to 
"smoking" was Cleft lip w/out Palate 5.8% (95% CI: 4.3-7.4), 
whereas for "diabetes" it was Tetralogy of Fallot 33.3 (95% CI: 
17.2-49.5).  
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Abstract 
    Background: Worldwide, 1-6 percent of infants have at least one congenital anomaly that can lead to long-term consequences. This 
may have significant impacts on individuals, families, health-care systems, and societies. The aim of this study was to estimate the 
Population Attributable Fraction (PAF) of some congenital anomalies by three selected risk factors (obesity, diabetes and smoking) in 
the northwest of Iran and to estimate the number of preventable defects at birth in the population if we could reduce 50 percent of the 
exposure rate to these three risk factors at population level. 
   Methods: The regional data on smoking, obesity, and diabetes were entered in Population Estimate of Attributable Fraction of 
Congenital Conditions Everywhere (PEACE) software developed by International Clearinghouse for Birth Defects Surveillance and 
Research (ICBDSR). It calculates the PAF for congenital anomalies attributed to exposure to those three risk factors.  
   Results: This study showed that main anomalies attributed to "obesity" include Spina Bifida 40.1% (95% CI: 31.7-47.7), 
Hydrocephaly 26.8 (95% CI: 9.3-42.3) and Anencephaly 17.4 (95% CI: 1.6-31.9). The highest attributable defect to "smoking" was 
Cleft lip w/out Palate 5.8% (95% CI: 4.3-7.4), whereas for "diabetes" it was Tetralogy of Fallot 33.3 (95% CI: 17.2-49.5). A similar 
pattern was found when assumed in the model, the impact of 50 percent reduction in the exposure to each of the risk factors on 
preventable cases of birth defects in the population. 
  Conclusion: Obesity, diabetes, and smoking in women of childbearing age increased the risk of occurrence of congenital anomalies. 
However, obesity and diabetes had a remarkably greater impact compared to smoking. More studies are needed to investigate the role 
of passive smoking as a risk factor for the occurrence of birth defects. 
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Introduction 
Congenital anomalies are defined as structural defects, 

chromosomal abnormalities, inborn errors of metabolism, 
and hereditary disease diagnosed before, at, or after birth. 
Between 1 and 3 percent of newborns have a congenital 
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disorder requiring medical attention (1, 2). These defects 
may result in long-term disabilities affecting children 
themselves, families, health system, and the community. 
Despite the considerable  decrease in neonatal mortality in 
both developed and developing countries, congenital 
anomalies are still the leading cause of infant mortality (3, 
4). According to some research reports, 17–42 percent of 
infant mortality has been attributed to congenital anoma-
lies (1). 

The etiology of the occurrence of congenital anomalies 
is still largely unknown (5-9). However, it has been shown 
that selected groups of defects at birth may be prevented if 
exposure to three major common risk factors (including 
obesity, pre-gestational diabetes, and smoking) are modi-
fied at the population (10-24). 

The aim of this study was to estimate the Population At-
tributable Fraction (PAF) of some congenital anomalies 
by three selected risk factors (obesity, diabetes and smok-
ing) in the northwest of Iran, and to estimate the number 
of preventable defects at birth in the population if we 
could reduce 50 percent of the exposure rate to these three 
risk factors at population level. 

 
Methods 
This study was carried out in the northwest region of 

Iran. Data for congenital anomalies were obtained from 
Tabriz Registry of Congenital Anomalies (TRoCA) for the 
birth year between 2005 and 2013. The total number of 
births, information on smoking, obesity, and pre-
gestational diabetes were obtained for the same registry 
area from the provincial health system in the region . 

Analysis of the data was performed using Population 
Estimate of Attributable Fraction of Congenital Condi-
tions Everywhere (PEACE) software. This has developed 
and released by International Clearinghouse for Birth De-
fects Surveillance and Research (ICBDSR). PEACE cal-
culates Population Attributable Fraction (PAF) of some 
common adverse pregnancy-related outcomes (i.e., the 
occurrence of congenital anomalies) for selected risk fac-
tors including obesity, diabetes, and smoking. PAF is de-
fined as the proportion of the cases (i.e., birth defects) in 
the population that can be attributed to the specific expo-
sures (i.e., obesity, diabetes, and smoking)(2). 

In addition to PAF, we calculated the total frequency of 
defects at birth that could be avoided if we reduce 50 per-
cent of exposure to those three risk factors in the commu-
nity. 

Confidentiality of all information on congenital anoma-
lies was protected. Ethical clearance for the research was 
obtained from the ethics committee of Tabriz University 
of Medical Sciences. 

 
Results 
A total number of 160672 births for the years between 

2005 and 2013 were recruited from the registry area of 
TRoCA from which 788 cases were diagnosed as having 
congenital anomalies. 

Table 1 shows the prevalence of three major risk factors 
and the occurrence of selected congenital anomalies in the 
study population of the northwest region of Iran. In the 
area, obesity was the most prevalent risk factor (59.9 per 
100) followed by smoking (18.1 per 100) and pre-
gestational diabetes (9.1 per 100). The four most common 
congenital anomalies were Anencephaly (11.3 per 10000), 
Hydrocephaly (10.83 per 10000), Cleft lip w/out Palate 
(10.23 per 10000), and Anorectal Atresia (8.2 per 10000), 
respectively. 

Table 2 presents the PAF, estimated number of cases of 
selected defects attributable to the exposure to three risk 
factors of obesity, smoking, and pre-gestational diabetes. 
This table also shows the estimated preventable cases of 
anomalies if it could be reduced by 50 percent of the ex-
posure to these three risk factors at the population level. 

Main anomalies attributed to "obesity" included Spina 
Bifida 40.1(95% CI: 31.7-47.7), Hydrocephaly 26.8 (95% 
CI: 9.3-42.3) and Anencephaly 17.4 (95% CI: 1.6-31.9) 
whereas the highest attributable defect to "smoking" was 
Cleft lip w/out Palate 5.8%; (95% CI: 4.3-7.4), and for 
"diabetes" it was Tetralogy of Fallot 33.3 (95% CI: 17.2-
49.5). A similar pattern was found when assumed in the 
model the impact of 50 percent reduction in the exposure 
to each of the risk factors on preventable cases of birth 
defects in the population .Our finding indicated that if we 
reduce 50 percent of the exposure rate to three risk factors 
(obesity, diabetes, and smoking) at population level, we 
might be able to prevent a total of 96 cases of congenital 

 
Table 1. Basic Information and Frequency of Selected Congenital Anomalies in Northwest of Iran 
Congenital Anomalies Rate (Per 10000) 
Anencephaly 11.26 
Hydrocephaly 10.83 
Cleft lip w/out Palate 10.21 
Anorectal Atresia 8.15 
Cleft Palate 7.03 
Eye Defect 4.42 
d-transposition of the Great Arteries 4.05 
Spina Bifida 1.56 
Hypoplastic Left Heart 1.37 
Coarctation 1.25 
Tetralogy of Fallot 0.56 
Risk Factors  Rate (Per 100) 
Obesity 59.93 
Smoking 18.13 
Pre-gestational diabetes 9.07 
Note: Data for congenital anomalies from Tabriz Registry of Registry Anomalies (TRoCA), and for obesity, 
smoking and diabetes from provincial Health Centre 
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anomalies related to obesity, 92 cases related to diabetes 
and 13 cases of birth defects related to smoking. 

 
Discussion 
In this study, we used the PEACE software to investi-

gate the impact of three risk factors of obesity, pre-
gestational diabetes, and smoking on the attributable rate 
of selected congenital anomalies in the registry area of 
Tabriz Registry of Congenital Anomalies in the northwest 
of Iran. Obesity was found to have the highest PAF main-
ly for Neural Tube Defects, diabetes for some congenital 
cardiac anomalies, and smoking mainly for Cleft defects. 
We showed that by reducing 50 percent of the exposure to 
three risk factors (obesity, diabetes, and smoking), a re-
markable number of birth defects would be prevented in 
the population. 

Watkins and colleagues studied the association between 
obesity and major congenital anomalies. They showed the 
higher risk of congenital anomalies incidence, particularly 
Neural Tube Defects, Spina Bifida in neonates of the 
obese women compared to offspring of those with normal 
weights (16). Our finding is also in accordance with the 
results reported in Stothard's study as they reported the 
significant association between obesity and incidence of 
congenital anomalies including Neural Tube Defects, Spi-
na Bifida, Cardiovascular Defects, Cleft Palate, Cleft lip 
w/out Palate, Anorectal Atresia, and Limb Defects. How-
ever, according to their findings, the obese mothers had 
lower risks of neonates with Gastroschisis (17). Another 
cohort study has also reported the increased risk of birth 
defects among neonates of pregnant women with Body 
Mass Index (BMI) greater than 30 or less than 18 while no 
significant increased risk had been reported among those 
with BMI between 25 and 30. In particular, the findings 
have highlighted the increased risk of Interventricular 
Septal Defect, Cleft Lip, and Eye Defects among neonates 
of the obese women as well as the increased risk of Intera-
trial Septal Defects, Genital Anomalies, and Hypospadias 
among neonate of the mothers with low weights (18). 

There is another report on the association (a range of weak 
to moderate) between the obesity and incidence of 
congenital structural anomalies including Spina Bifida, 
Congenital Heart Defects, Anorectal Atresia, Hypospadi-
as, Limb Anomalies, Diaphragmatic Hernia, and Ompha-
locele. However, the likelihood of having an obese mother 
has been reported significantly low among the neonates 
with Gastroschisis (19). 

The result of a systematic review reported no noticeable 
association between gestational diabetes and major con-
genital anomalies except a weak association for Congeni-
tal Heart Defects. However, one study has reported the 
significant association between the simultaneous existence 
of gestational diabetes and mother's pre-gestational BMI 
greater than 30, and Congenital Heart Defects and Neural 
Tube Defects. These conflicting results on the association 
between gestational pregnancy and major congenital 
anomalies might be attributed to the possible association 
of these defects with undiagnosed metabolic disorders 
(e.g. pre-gestational diabetes) related to the obesity (20). 
There are some evidence on a strong association between 
pre-gestational diabetes controlled by insulin and the risk 
of Kidney Agenesis, Obstructive Genitourinary Defects, 
Congenital Heart Defects, and Multiple Organ Defects. 
The association of pre-gestational diabetes with Neural 
Tube Defects, including Anencephaly and Encephalocele 
has also been reported in the literature (16, 21). 

A significant association between mother’s smoking 
habit and incidence of Cleft lip w/out Palate and Cleft 
Palate has been documented in the existing body of 
knowledge (22). Study of 173687 cases and 11.7 million 
controls showed a significant association between 
mother’s smoking habit and occurrence of Cardiovascular 
Defects, Cleft Lip, Cleft Palate, and Eye Defects. Howev-
er the impact of the smoking on Hypospadias was found 
to be protective in the study (13). Impact of indirect expo-
sure of pregnant women to smoking on Cleft Lip with 
Palate and Cleft Palate has been reported in the findings of 
a recently published meta-analysis (23). Result of our 
study revealed that the highest attributable fraction of 

Table 2. Obesity, Smoking, Diabetes and attributable Selected Congenital Anomalies 
 Population Attributable Fraction 

(95% CI) 
Estimated number of cases attribut-

able to the risk factor (95% CI) 
If reduced 50% estimated 
cases prevented would be 

Obesity  
Anencephaly 17.4 (1.6-31.9) 31 (3-58) 14 
Spina Bifida 40.1 (31.7-47.7) 10 (8-12) 4 
Hydrocephaly 26.8 (9.3-42.3) 47 (16-74) 20 
Tetralogy of Fallot 13.1 (4.6-21.2) 1 (0-2) 1 
Hypoplastic Left Heart 21.6 (11.0-31.7) 5 (2-7) 2 
Coarctation of Aorta 11.5 (0.5-21.6) 2 (0-4) 1 
Cleft Platate 10.6 (4.6-15.9) 12 (5-18) 6 
Cleft lip w/out Palate 6.6 (2.1-11.0) 11 (3-18) 5 

Smoking      
Eye Defect 4.3 (2.0-6.8) 3 (1-5) 2 
Cardiovacular Defect 2 (0.4-3.7) 2 (0-4) 1 
Cleft palate 3.8 (1.8-6.0) 4 (2-7) 2 
Cleft lip w/outPalate 5.8 (4.3-7.4) 9 (7-12) 5 
Anorectal Atresia 3.5 (1.1-6.1) 5 (2-9) 3 

Diabetes      
d-transposition of the Great Arteries 25.6 (13.3-39.8) 17 (9-26) 7 
Tetralogy of Fallot 33.3 (17.2-49.5) 3 (2-4) 1 
Hypoplastic Left Heart 19.7 (4.3-41.7) 4 (1-9) 2 
Coarctation 19.7 (6.0-36.7) 4 (1-7) 2 
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smoking was for Cleft lip w/out Palate, Eye Defects, and 
Cleft Palate. There was also an association between smok-
ing and Anorectal Atresia as well as Heart Defects. These 
findings are similar to those reported in the studies of Lit-
tle (24) and Hackshaw (13). There has also been a similar 
report on indirect smoking exposure of mothers and the 
association with congenital anomalies in the literature 
(23). However, they are not comparable with our findings 
as such mothers had not been included in our study. 

Based on the results of our study, the highest attributa-
ble fraction of obesity was observed for Spina Bifida, 
Neural Tube Defects, and Hydrocephaly. These findings 
are in accordance with the results of a study conducted by 
Watkins as well as Stothard. There was also evidence of 
the association between high BMI and incidence of Eye 
Congenital Defects in the literature while this was not true 
for our findings. The association also was reported be-
tween the obesity of the pregnant women and incidence of 
major congenital defects such as Hypospadias, Limb De-
fect, Diaphragmatic Hernia, and Omphalocele while no 
such association was observed in our findings (16, 17). 

According to the results of our study, the highest at-
tributable fraction of diabetes was observed in Tetralogy 
of Fallot, d-transposition of Great Arteries, and Heart De-
fects. Our findings also showed the association between 
diabetes and Hypoplastic Left Heart Syndrome, Aorta 
Coarctation.  These findings were not in line with the re-
sults of the study conducted by Parnell and colleagues in 
which they reported no association between diabetes and 
major congenital anomalies except for the Congenital 
Heart Diseases. However, results of the study by Nielsen 
have highlighted the strong association between pre-
gestational diabetes and incidence of major congenital 
anomalies including Kidney Agenesis, and Obstructive 
Genitourinary Defects while such association was not 
found in our research (20, 21). 

In this study, we examined risk factors of smoking, obe-
sity, and diabetes in pregnant women without taking into 
account confounding factors such as mothers’ age at preg-
nancy, their socio-economic status, current diseases, their 
medication and indirect exposures to smoking. This may 
be considered in further development of PEACE by IC-
BDSR. 

 
Conclusion 
Obesity, diabetes, and smoking in women of childbear-

ing age increased the risk of occurrence of congenital 
anomalies. However, obesity and diabetes had remarkably 
greater impacts compared to smoking. More studies are 
needed to investigate the role of passive smoking and con-
founding factors on the occurrence of birth defects. 
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