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Maternal obesity and first trimester iodine levels are associated with 
the risk of congenital malformations in Assam, Northeast India

Purpose of the study: To assess body mass index (BMI) and 
trimester specific iodine status among pregnant women of As-
sam and study their association with congenital malformations 
(CM). 
Methods: Anthropometric, obstetric and socioeconomic data 
was obtained from pregnant women and apparently healthy 
women attending Assam Medical College and Hospital, Dibru-
garh. Urinary iodine (UI) level was estimated in each trimester. 
BMI was classified based on Asian criteria suggested by WHO 
and the iodine intake was classified using WHO reference me-
dians. Student’s t-test and univariate logistic regression analysis 
were used to determine the risk factors. 
Results: 156 pregnant women (age 18-35 years) and 160 con-
trols were enrolled in the study. 55.8% pregnant women were 
underweight and 3.8% were overweight. Malformations were 
observed in 16 babies. The median urinary iodine concentration 
(MUIC) of pregnant women in their 1st trimester was 170 µg/l (IQR 
100 µg/l) which increased to 275 µg/l (IQR 166 µg/l) during the 
2nd trimester and decreased to 265 µg/l (IQR 160 µg/l) at the 
3rd trimester. In the univariate analysis, maternal BMI > 23 kg/
m2 (OR 3.67, 95% CI 0.20-67.65) and MUIC <150 µg/l during the 
1st trimester (OR 3.59, 95% CI: 1.20-10.79) were associated with 
an increased risk of CM. Within the cohort, maternal BMI <18.5 
(OR 2.68, CI: 1.25-5.74), age <20 years (OR 1.39, CI: 0.22-8.70), 
iodine unawareness (OR 1.68, CI: 0.72-3.95) and illiteracy (OR 
1.12, CI: 0.55-2.30) elevate risk of having MUIC <150 µg/l during 
the 1st trimester. 
Conclusions: As maternal BMI and iodine deficiency are modi-
fiable risk factors of CM, state policies directed towards maternal 
healthcare should encourage preconception counseling regard-
ing risk factors of CM and aim to address low maternal BMI and 
IDD. 
Keywords: congenital malformations; BMI; iodine deficiency, 
pregnancy. 
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Introduction  

With 27 million annual births (1), India has one 

of the highest child mortality rates in the world, 

accounting for almost 22 % of the global neo-

natal deaths (2). One of the main reasons for 

these deaths are congenital malformations 

which affect approximately 1 in 33 infants 

globally and result in nearly 3.2 million birth 

defect-related disabilities every year (3). 

Maternal BMI is one of the strongest predictors 

of physical parameters at birth (4), but its 

prevalence and association has not been widely 

studied among Indian women who are 

comparatively undernourished. Pregnant 

women are also susceptible to iodine deficiency 

disorders (IDD) as iodine requirement is 

increased by >50% during pregnancy to 

compensate for the increased need for thyroid 

hormones in the mother and fetus. As iodine 

deficiency is still a major health concern in India 

(5), IDD would have an eminent effect on 

millions of mothers and children. Assam, lies in 

the classical belt of IDD and has a high 

prevalence of endemic Goitre, especially in the 

Dibrugarh district (6). There is also a high 

prevalence of congenital malformations (7). In 

this context, the present study was conducted to 

assess the relation between BMI, iodine 

nutritional status and congenital malformations 

among a section of pregnant women from 

Dibrugarh visiting the tertiary health care facility.  

 

 

Figure I: Distribution of iodine concentration among primi & multigravida by trimester of 

pregnancy  
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Methods  

156 pregnant women and 160 age-matched 

apparently healthy women who visited Assam 

Medical College and Hospital, Dibrugarh were 

included in the study spanning 2 years. All the 

participants provided written informed consent. 

Obstetrical history and dietary information 

including the type of salt consumed and source 

of drinking water was collected. Urine iodine 

estimation was done using the Sandell-Kolthoff 

formula.  

Definitions of variables  

BMI (kg/m2) was classified according to the 

criterions suggested by WHO for the Asian 

populations as follows: underweight (<18.5 

kg/m2), normal-weight (18.5-22.9 kg/m2), 

overweight and obese (> 23 kg/m2) women (8). 

The iodine intake was classified as deficient, 

adequate or excessive according to the WHO 

reference medians (9).  

 Data analysis  

IBM SPSS statistics 20 (SPSS Inc., Chicago, IL, 

USA) was used for the data analysis. The 

average concentrations of iodine in the urine 

was calculated as medians because of the 

skewed data distribution. Student’s t-test was 

employed to compare data between pregnant 

and non-pregnant, primi and multigravida 

women. Univariate analysis were carried out to 

study the risk factors. All the statistical results 

were considered significant at p < 0.05 (two-

tailed).  

Results  

The anthropometric, obstetric and 

sociodemographics characters of the 156 

pregnant women who were recruited for the 

study is shown in table I.  

Maternal BMI and congenital malformations  

Within the study group, 55.8% pregnant women 

were underweight and 3.8% were overweight 

while among the controls 46% were underweight 

and 7.1% were overweight. When compared 

with normal body weight, univariate analysis 

indicated that maternal BMI > 23 kg/m2 during 

1st trimester increased the risk of acquiring CM 

(OR 3.67, 95% CI 0.20-67.65) (Table V).  

Maternal UIC and congenital malformations  

Urine samples were obtained from 138 pregnant 

women for the 2nd trimester and 73 for the 3rd 

trimester (rest didn’t provide samples). The 

MUIC of pregnant women in their 1st trimester 

was 170 µg/l (IQR 100 µg/l) which increased to 

275 µg/l (IQR 166 µg/l) during the 2nd trimester 

which decreased to 265 µg/l (IQR 160 µg/l) at 
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the 3rd trimester. Figure I depict the distribution 

of UIC in primi and multigravida women which 

did not vary significantly during the 1st and 3rd 

trimesters but significant rise in UI were noted 

during the 2nd trimester (Tables II & III). MUIC 

<150 µg/l was higher in 1st and 2nd trimester 

among Primigravida as compared to 1st and 3rd 

trimester among multigravida women. A similar 

trend was also observed between pregnant 

women aged <26 years and ≥26 years. The UI 

levels were also higher among cases than the 

controls (p<0.001) (Table IV).  

There were 12 preterm deliveries and a single 

stillbirth who had myelocele with bilateral 

telepes. Malformations were noted in 16 babies. 

Among the mothers, univariate analysis 

revealed that a MUIC <150 µg/l during the 1st 

trimester was significantly associated with 

congenital anomalies in the infants (OR 3.59, 

95% CI: 1.20-10.79). A MUIC <150 µg/l in the 

2nd trimester too, conferred risk but the 

association was not significant (OR 1.74, CI: 

0.51-6.03) (Table V). Demographic and 

epidemiological factors were analyzed for their 

association with MUIC <150 µg/l during the 1st 

trimester. Analysis of variables indicated that 

maternal BMI <18.5 (OR 2.68, CI: 1.25-5.74), 

Age <20 years (OR 1.39, CI: 0.22-8.70), iodine 

unawareness (OR 1.68, CI: 0.72-3.95) and 

illiteracy (OR 1.12, CI: 0.55-2.30) elevate risk of 

acquiring MUIC <150 µg/l during the 1st 

trimester (Table VI).  

Discussions  

IDD not only affects the pregnant mother but 

also leads to poor fetal growth and development. 

Although theoretically entirely preventable, IDD 

still prevail in the world because of various 

socioeconomic, cultural, and political limitations. 

Assam lies in the sub-Himalayan endemic zone 

of IDD (10) with a high incidence of CM (7, 11). 

So the present study was conducted to access 

BMI and iodine status and study its association 

with CM. Within the cohort, 32.64% pregnant 

women were iodine inadequate (MUIC <150 

µg/l) during the 1st trimester which elevated to 

adequacy (MUIC ≥ 150 µg/l) during the 2nd 

(18.25%) and the 3rd trimesters (16.22%). The 

UIC varied significantly during the 2nd trimester 

(table III and IV). Among pregnant women aged 

<26 years and primigravida, UIC increased 

significantly during pregnancy. A similar trend 

has also been reported by Rydbeck et al. (12), 

Lean et al. (13) and Aguayo et al. (14). Similar to 

findings by Grewal et al. in a north Indian cohort 

(15), the UIC of pregnant women aged ≥26 years 

and in multigravida spiked in the 2nd trimester 

and dropped in the 3rd trimester. These trends 

were however contrary to observations of 

Majumder et al. (16) and Habimana et al. (17) 

wherein the median UIC values were lower in 

late pregnancy than in early pregnancy. 

Although erstwhile studies have suggested that 

a sliding MUIC during progression of pregnancy 

is consistent with increase in iodine requirement 

(18), our values clearly indicate that iodine is 

most essential during first half of gestation when 

both the mother and  the developing fetus 

depends completely on maternal thyroid 

hormones (19). An uphill swing in MUIC 

thereafter indicates the onset of fetal thyroid 

hormone production. The role of iodine as a 

prerequisite for proper fetal development during 

early gestation can also be illustrated by the 

association between MUIC <150 µg/l and CM. In 

our study, there was a clear association between 

1st trimester MUIC <150 µg/l and CM (OR 3.59, 

95% CI: 1.20-10.79). A low MUIC in the 2nd 

trimester too, conferred risk (OR 1.74, CI: 0.51-

6.03) (Table V). Although most of the previous 

studies have not considered the impact of 

trimester specific MUIC on the fetus, we could 

corroborate our results with the observations of 

Bath et al., wherein sampling was performed 

during the first trimester and low iodine-to-

creatinine ratio was associated with low verbal 

IQ and reading accuracy (20). Both these 

observations reinstate the fact that first trimester 

iodine levels are most crucial for fetal 

development. We believe that recent studies 

which failed to conclude an association between 

maternal UIC and CM was probably because 
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sampling was carried out in and after the 2nd 

trimester.  

One of the potential contributing factor for low 

UIC during 1st trimester in our cohort was a BMI 

<18.5. Mothers who were aged <20 years, 

illiterate and unaware of iodine were at an 

elevated risk of being iodine deficient (table VI). 

In our study the overall prevalence of overweight 

was low (3.8%), given the fact that most of the 

participants were socioeconomically backward, 

but we still observed an association between 

pre-gestational overweight and CM. This is in 

consensus with previous reports that overweight 

and obese mothers have significantly increased 

risk of neural tube defects (NTD) and 

cardiovascular defects in the babies (21-23). 

According to Rankin et al. maternal obesity was  

associated with the increased risk of ventricular 

septal defect, cleft lips and eye anomalies and 

maternal underweight was associated with atrial 

septal defects, genital anomalies and 

hypospadias (24). However, studies are sparse 

on risk of CMs among women of less than 

recommended BMI. One such study reports that 

risk of CM was significantly high among the 

maternal underweight (BMI≤18.5 kg/m2) as well 

as in obese group (BMI ≥30 kg/ m2) compared 

with mothers who had recommended BMI.  

Our study raises an important question whether 

the salt iodization programme implemented by 

the government of India can alone supplement 

the iodine requirement of pregnant women in all 

communities. In their recent review Yadav et al. 

reported that 59.5–95% of pregnant women 

were consuming adequately iodized salt in India 

(25) but the condition is skewed in rural and tribal 

communities (26, 27). While some studies 

indicate widespread iodine deficiency among 

pregnant women of India (16, 18, 27, 28) others 

report of adequacy (13, 15, 29, 30). These 

differences could also be attributed to food 

habits which varies across India, across 

socioeconomic orders and the quality of iodized 

salt available.  

Several studies have proposed that levels of 

iodization of household salt should be increased 

to provide optimal iodine to pregnant mothers, 

but this may affect the normal population and 

warrant further investigation. Moreover, iodised 

salt may not be an ideal means of delivering 

iodine during pregnancy, because of the need to 

limit salt intake during this period. Prevalence of 

maternal hypothyroidism and hypothroxinemia 

inspite of adequate iodine status also indicates 

the involvement of other etiological factors which 

effect iodine absorption and metabolism.  
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