Public Health Nutrition: 17(2), 376-382 doi:10.1017/51368980012005393

Association of sociodemographic and nutritional factors
with risk of neural tube defects in the North Indian population:
a case—control study

Roumi Deb'"*, Jyoti Arora’, Kallur N Saraswathy? and Aloke K Kalla?
' Amity Institute of Biotechnology, Amity University, Sector 125, Noida — 201303, UP, India: ?Department of
Anthropology, University of Delhi, Delhi, India

Submitted 17 April 2012 Final revision received 1 November 2012: Accepted 4 November 2012: First published online 23 January 2013
Abstract

Objective: To assess the role of sociodemographic and nutritional factors in the
incidence of births affected by neural tube defects (NTD) in the North Indian
population.

Design: Case—control study.

Setting: Government hospitals of Delhi, India.

Subjects: Subjects comprised 284 mothers of NTD children (cases) and 568 mothers
of healthy children (controls).

Results: Significant differences were found between case and control mothers
with respect to maternal age (P= 0-005), type of drinking water (= 0-03) and
consumption of milk (= 0-01). Univariate and multivariate analysis suggested
an association of unpasteurized milk use, low consumption of vegetables, low
consumption of fruits and vegetarian dietary habits with NTD births. Further,
variation in the risk factors for upper and lower NTD types was also observed,
pointing towards phenotypic heterogeneity in the aetiology.

Conclusions: The results of the present study suggest an increased risk of NTD
infants in mothers with low consumption of vegetables, fruits and milk and

having vegetarian dietary habits. So, in order to reduce these devastating birth Neural tllf[?! ‘:ﬁ:?,ss
defects in future offspring, better nutritional care should be provided to mothers Nutrition
by suggesting dietary modifications and augmenting additional micronutrient Diet
supplementation during the periconceptional period. Supplements

The high rate of morbidity and mortality associated
with neural tube defects (NTD) raises important public
health concerns, especially in India, where NTD inci-
dence of 6-57-8-21 per 1000 live births was reported in
a door-to-door survey in Balrampur district of Uttar
Pradesh, which is very high compared with rest of the
world”. However, the hospital-based prevalence rate of
anencephaly, spina bifida and encephalocele, from forty-
six regional registries spread all over the country, was
reported to be 1-15, 1-28 and 0-28 per 1000 total births
that includes live births, stillbirths and termination of
pregnancy'®. Being multifactorial, various environmental
and genetic factors are involved in increasing the risk of
NTD and the impact varies in different populations.
Socio-cultural and nutritional factors are important
variables in the aetiology, prevalence and distribution of
such developmental diseases. Epidemiological studies have
correlated the risk of NTD with low socio-economic status
and nutritional intake®™. Deficiency of folate and vitamin
By, disrupts the one-carbon metabolic cycle, which leads to
the accumulation of homocysteine and in turn may cause
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NTD through various mechanisms like impaired methyla-
tion activity, endothelial dysfunction through oxidative
stress, and teratogenic interaction of increased homo-
cysteine with the MN-methyl-pD-asparate receptor system
involved in neuronal development and migration®. The
breakthrough discovery of lower NTD risk with folate or
multivitamin supplementation or food fortification proved
to be helpful in reducing the incidence of NTD in many
parts of the world” " In India however, especially among
lower socio-economic communities, the incidence is still on
rise, which may be attributed to the absence of fortified
food and limited exposure to early antenatal care. It can
therefore be assumed that preventive interventions such as
periconceptional supplementation with folic acid/other
vitamins or prenatal screening are not widespread in these
communities. Moreover, general food items that are con-
sumed on a day-to-day basis are the major contributors to
various nutritional requirements. The compound effects of
food consumption and their interactions cannot be asses-
sed by focusing on one or two nutrient/micronutrient
deficiencies in the maternal body during pregnancy. It is
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therefore important to expand our understanding on
the contribution of dietary foods in the aetiology of
NTD. Studies have shown that NTD risk is associated
with low consumption of meat, milk, fresh vegetables
and fruits"*'®; however, dietary patterns have ethnic
and geographic variations. Additionally, the contaminants
present in drinking water are also known to pose a risk for
developmental defects"?.

Keeping in view the above issues, the present study aimed
to investigate the association between sociodemographic
and nutritional factors (maternal age, education, migration,
dietary intake, etc.) and NTD among the North Indian
population.

Materials and methods

A case—control study was carried out in four government
hospitals of Delhi, India, after obtaining formal ethical
clearance. The study was conducted according to the
guidelines laid down in the Declaration of Helsinki and
all procedures were approved by the Institutional Ethical
Commiittee following ethical guidelines for biomedical
research on human subjects of the Indian Council of
Medical Research (http://www.icmr.nic.in/ethics_SOP.pdf).
The study was conducted from January 2008 to August
2010. Diagnosis of children with NTD was done by
the doctors of the hospitals concerned, from live births,
stillbirths/terminations and antenatal diagnosis by ultra-
sonography. The inclusion criterion for cases was being the
mother of a child with NTD and inclusion criteria for the
control group were being the mother of at least one healthy
child, with no previous history of unsuccessful pregnancy
or abnormal conceptions. The control mothers were mat-
ched with the case mothers for age group (*3 years),
community and locality of residence, in the ratio of 1:2
(cases to controls).

During the study period, 308 case mothers of NTD
children were interviewed; however, controls could be
matched for only 284 cases. Therefore, twenty-four cases
were excluded from the study. Once the case and control
mothers had agreed to participate in the study and gave
their written consent, personal interviews were conducted
by trained field investigators. The interview schedule
included information on various demographic parameters
such as maternal age, socio-economic status (family income,
education and occupation), religious community (Hindu,
Muslim, Sikh, and Christian), migration history, and fre-
quency of consuming common food groups (daily or
weekly) during the period from 3 months before pregnancy
to the first 3 months of pregnancy. Socio-economic
class was calculated according to the modified Kuppu-
swamy scale’ based on family income, education and
occupation. To address the effect of different NTD pheno-
types, the cases were segregated into two groups: upper
NTD (anencephaly and encephalocele) and lower NTD
(spina bifida), based on the position of the defect; the case
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mothers of children with multiple NTD were excluded for
this part of the analysis.

The x* test or Fisher’s exact test was applied on cate-
gorical variables. Binary logistic modelling (univariate
and multivariate) and calculation of odds ratios with 95 %
confidence intervals were carried out to evaluate the
effect of risk factors on the incidence of NTD, using the
statistical software package SPSS version 17-0. A P value
of <0-05 for univariate and <0-01 for multivariate analysis
was considered as statistically significant.

Results

Sociodemograpbic characteristics

The cases were composed of different types of NTD; the
majority were found to be spina bifida (42%; n 119),
followed by anencephaly (40%; 7 114) and encephalo-
cele (11%; n 32). The remaining 7% (7 19) of cases had
multiple NTD. The general characteristics of the cases
included and excluded from the study are presented in
Table 1 and suggest no statistically significant differences
between the two groups. As shown in Table 2, only 25 %
of the NTD cases were live births and remaining were
stillbirths or terminated. The sex ratio (female:male) was
1-13 for the case infants and 1-03 for control infants;
however, the sex could not be recorded for 31 % of cases
and 7% of controls, as the data were collected during the
antenatal period, after the diagnosis of an NTD child
through ultrasonography. The mean ages at conception
of case mothers (244 (sp 4-2) years) and controls
(24-5 (sp 3-5) years) were found not to be statistically
different (r= 1-02; df = 886; P> 0-05), whereas the distri-
bution according to age group showed a statistically
significant difference (£<<0-05), with more mothers in
the younger (<21 years) and fewer mothers in the older
age group (>30 years) in the cases compared with the
controls. Borderline statistical significance with respect
to paternal education was observed on applying the
X° test between case and control groups (P=0-05).
The distribution of household socio-economic status
showed higher incidence of NTD among the lower
classes compared with the middle classes.

Risk analysis

Table 3 shows the nutritional profile of case and control
mothers during the periconceptional period. It was found
that more case mothers were using groundwater for
drinking purposes and unpasteurized milk compared
with control mothers, thereby increased risk for NTD was
observed (OR =154, 95% CI 1-04, 2:95, P=0-03 and
OR=1'53, 95% CI 1-13, 2:08, P=0-01, respectively).
More case mothers than control mothers consumed
less than 100ml milk/d, although the difference was
not statistically significant. Investigating the frequency of
consumption of meals per day, and vegetables, legumes
and fresh fruit per week, no association was observed
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Table 1 General and sociodemographic characteristics of cases included and excluded from the study, Delhi, India,

January 2008 to August 2010

Included cases

Excluded cases

Factor (n 284) (n24) P value*
Pregnancy outcome
Stillbirth/terminated 213 15 0-18
Live birth 71 9
Infant’s sex
Male 92 9 0-56
Female 104 12
Unknown 88 3
Sex ratio (female:male) 1-13 1-33
Religion
Hindu 183 16 NA
Muslim 98 6
Sikh 3 1
Christian 0 1
Maternal age
<21 years 69 3 0-201
21-30 years 192 17
>30 years 23 4
Migration history
Yes 145 15 0-590
No 139 19
Maternal education
llliterate 98 6 0-627
Primary school 99 10
High school and above 87 8
Paternal education
llliterate 48 3 0-235
Primary school 104 13
High school and above 132 8
Household socio-economic statust
Upper and upper middle 45 5 0-788
Lower middle 57 4
Upper lower and lower 182 15

NA, not applicable.
*Calculated through the x? test.
tCalculated according to the modified Kuppuswamy scale.

with the risk for NTD-affected pregnancies. It was
further observed that more of the case mothers were
vegetarian, although the difference between case and
control mothers was found to be borderline statistically
significant (P= 0-06). Folic acid supplementation was not
found to be statistically significant on applying the y* test
(P=0-15).

On applying multivariable conditional logistic modelling
using the backward stepwise procedure, consumption of
unpasteurized milk (adjusted OR (AOR) =145, 95% CI
1-07, 1-99; P=0-02), vegetables less than three times
weekly (AOR = 147, 95% CI 1-01, 2+17; P= 0-04) and fruits
less than once weekly (AOR=1-27, 95% CI 0-95, 1-92;
P=0-05), and vegetarian dietary habits (AOR = 1-34, 95%
CI 0-99, 1-83; P=0-05), were found to be borderline sig-
nificantly associated with the risk of NTD (Table 4). In order
to address the phenotypic heterogeneity, the NTD cases
were further segregated into two groups: upper NTD
(anencephaly and encephalocele) and lower NTD (spina
bifida). The multivariable logistic model was applied on
both groups separately, and compared against all control
mothers. It was found that groundwater use (= 0-02) and
vegetable consumption less than three times weekly were
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associated (P= 0-05; borderline statistical significance) with
risk only for lower NTD, whereas unpasteurized milk use
(P=0-01), milk consumption less than 100 ml/d (P= 0-02)
and vegetarian dietary habits (P=0-03) were likely to
increase the risk for upper NTD.

Discussion

The results of the present study demonstrate evidence
for the association of demographic factors and nutritional
indicators with NTD. The higher incidence of case
mothers in the lower (<21 years) and higher (>30 years)
age groups, as compared with control mothers, is consi-
stent with the study of Golalipour et al'?, while some
studies have shown increased risk with higher or lower
maternal age group”"”'®. Various studies have measured
social indicators at the individual and community level
and found higher risk of NTD in the children of women
with lower educational levels, lower incomes and
employment'>?”. The present study revealed higher
incidence of NTD among women belonging to lower
and upper lower socio-economic classes than in their
middle-class counterparts. The relationship of lower
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Table 2 General and sociodemographic characteristics of case and control groups, Delhi, India, January 2008 to
August 2010

Cases (n 284) Controls (n 568)

Factor n % n % P value*
Pregnancy outcome
Stillbirth/terminated 213 750 0 0-0 NA
Live birth 71 25-0 568 100-
Infant’s sex
Male 92 324 261 46-0 0-56
Female 104 36-6 268 47-2
Unknown 88 31-0 39 6-9
Sex ratio (female:male) 118 1-03
Religion
Hindu 183 64-4 366 64-4 1-0
Muslim 98 345 196 34-5
Sikh 3 1-1 6 11
Maternal age
<21 years 69 24-3 100 17-6 0-005
21-30 years 192 67-6 441 77-6
>30 years 23 8-1 27 4-8
Age (years) 0-77%
Mean 24-38 24-46
sD 4-19 3-52
Migration history
Yes 145 511 279 491 0-59
No 139 48-9 289 50-9
Maternal education
llliterate 98 345 186 327 0-99
Primary school 50 17-6 99 17-6
Middle school 49 17-3 103 18-1
High school 45 15-8 92 16-2
Intermediate/diploma 23 8-1 52 9-2
Graduate and above 19 6-7 36 6-3
Paternal education
lliterate 48 16-9 112 19-7 0-05
Primary school 52 18-3 70 18-3
Middle school 52 18-3 117 20-6
High school 63 22:2 146 257
Intermediate/diploma 48 16-9 69 121
Graduate and above 21 7-4 54 9-5
Household socio-economic statust
Upper and upper middle 45 15-9 97 171 0-47
Lower middle 57 20-1 133 23-4
Upper lower and lower 182 64-1 338 59-5

NA, not applicable.

*Calculated through the x? test.

tCalculated according to the modified Kuppuswamy scale.
tCalculated through the t test.

socio-economic status with NTD may also reflect low
dietary consumption, access to medical care and/or direct
knowledge about the importance of folate in the diet.
Contaminants (like nitrates) or disinfectants (like chlor-
ine, disinfectant by-products) in drinking water are exposed
to diverse physical and chemical agents that can cause
adverse health effects and result in various birth defects
including congenital cardiac defects and NTD*' ™. various
studies also reported in 2011 that agricultural activities in
the northern or central part of India resulted in a high
concentration of nitrate or fluoride in groundwater, making
it unsafe for drinking®?®. Moreover, a study in 2010
reported high nitrate concentration in groundwater in the
study area of Delhi®” and it was observed in the present
study that more case mothers had migrated from rural areas
of northern and central parts of India to Delhi. This is
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reflected in the fact that the women in our study who used
more groundwater for drinking, which involved potential
exposure to contaminants, had a higher risk of having
children with NTD.

Milk has been considered one of the most natural and
highly nutritive parts of a daily balanced diet; however,
unpasteurized milk contains various pathogens (Gram-
positive or Gram-negative bacteria, viruses) which lower the
immune response. The consumption of unpasteurized milk
is most commonly found to be associated with listeriosis,
an infection, resulting in poor pregnancy outcomes®?.
The significant difference observed between case and
control mothers with respect to the type of milk they used
suggests that mothers who consume unpasteurized milk
(domestic or provided by a milkman) are at higher risk
for NTD, more specifically upper NTD, than those who
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Table 3 Nutritional profile of case and control mothers in the periconceptional period, Delhi, India, January 2008 to August 2010

Cases (n 284)

Controls (n 568)

Crude
Factor n % n % OR 95% ClI P value
Drinking water
Groundwater 50 17-6 69 121 1-54 1-04, 2-95 0-03
Water supply 234 82-4 499 87-9 1-00 Ref.
Type of milk
Unpasteurized 106 37-3 160 28-2 1-53 113, 2:08 0-01
Pasteurized 178 62-7 408 71-8 1-00 Ref.
Amount of milk consumed
Less than 100 ml/d 114 40-1 195 34-3 1-28 0-96, 1-72 0-09
More than 100 ml/d 170 59-9 373 65-7 1-00 Ref.
Daily number of meals
Two or less 51 18-0 87 15-3 1-01 0-45, 2-:30 0-54
Three 222 78-2 462 81-3 0-83 0-38, 1-77
Four 11 39 19 3-3 1-00 Ref.
Vegetable consumption
1-3 times/week 66 23-2 102 180 1-33 0-92, 1-92 0-16
4-6 times/week 75 26-4 172 30-3 0-87 0-64, 1-26
>6 times/week 143 50-4 294 51-8 1-00 Ref.
Legume consumption
<1 time/week 20 7-0 31 5-5 1-21 0-65, 2:23 0-68
1-3 times/week 155 54-6 331 58-3 0-88 0-64, 1-20
4-6 times/week 16 5-6 32 5-6 0-94 0-49, 1-79
>6 times/week 93 32:7 174 30-6 1-00 Ref.
Fruit consumption
<1 time/week 100 35-2 157 276 1-20 0-80, 1-79 0-08
1-3 times/week 112 394 270 47-5 0-78 0-53, 1-15
4-6 times/week 12 4-2 28 4-9 0-81 0-38, 1-70
>6 times/week 60 211 113 19-9 1-00 Ref.
Dietary habits
Vegetarian 97 34-2 159 28-0 1-33 0-98, 1-86 0-06
Non-vegetarian 187 65-8 409 720 1-00 Ref.
Consumption of non-vegetarian food items*
<1 time/week 57 30-5 122 29-8 0-96 0-49, 1-86 0-57
1-3 times/week 99 52-9 206 50-4 0-99 0-53, 1-85
4-6 times/week 14 7-5 46 11-2 0-63 0-27, 1-44
>6 times/week 17 91 35 8:6 1-00 Ref.
Folic acid supplementation
Yes 59 20-8 145 25-5 0-77 0-54, 1-08 0-15
No 225 79-2 423 74-5 1-00 Ref.

Ref., reference category.
*Among non-vegetarians.

Table 4 Multivariate logistic regression results on risk factors for neural tube defects (NTD), upper NTD and lower NTD, Delhi, India,

January 2008 to August 2010

All cases (n 284)

Upper NTD (n 146) Lower NTD (n 119)

Factor AOR* 95% Cl AOR* 95% ClI AOR* 95% ClI

Groundwater use 1-33 0-87, 2-:03 1-23 0-72, 2-09 1-65 1-21,2:25
Unpasteurized milk use 1-45 1-07, 1-98 1-72 1-16, 2-54 1-26 0-81, 1-96
Milk consumption less than 100 ml/d 1-27 0-92, 1-74 1-56 1-05, 2:32 0-87 0-56, 1-:35
Vegetable consumption less than three times weekly 1-47 1-01, 2-17 1-52 0-92, 2-49 1-45 0-97, 2:40
Fruit consumption less than once weekly 1-27 0-95, 1-92 117 0-68, 2-01 1-20 0-64, 2-25
Vegetarian dietary habits 1-34 0-99, 1-83 1-57 1-05, 2-:35 1-06 0-68, 1-68

*AOR, adjusted odds ratio (adjusted for socio-economic status and maternal age).

consume pasteurized milk (packet milk). However, no other
study has reported any correlation with birth defects,
although the consumption of unpasteurized milk is not
recommended during pregnancy®”. Therefore it can be
hypothesized that unpasteurized milk consumption by

the pregnant mother may lead to NTD in the developing
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embryo; however, it is difficult to provide any biological
explanation at this point.

The interactive effect of the micronutrients (folate and
vitamin By,) that are necessary for the proper development
of an embryo can indirectly be assessed by studying the
role of food items during early pregnancy. The current
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study suggested an association of NTD risk with low con-
sumption of vegetables, fruits and milk, which is consistent
with previous studies'*'®. However, the present study’s
finding of a significant association of NTD occurrence
among mothers with vegetarian dietary habits provides a
clue towards the role of micronutrients which may be low
in a vegetarian diet. Being a country predominated by
vegetarians, in India a high prevalence of vitamin By,
deficiency has been reported in pregnant mothers®” and
the parents of NTD neonates®. A previous finding
also suggested a role of vegetarian dietary habits in the
aetiology of NTD among the Hindu community of India®?.
The Mediterranean dietary pattern, characterized by high
intakes of fruits, vegetables, vegetable oils, alcohol, fish,
legumes and cereals, and low intakes of potatoes and
sweets, was found to be correlated with higher levels of
serum and red-blood-cell folate, serum vitamin B, and
lower plasma homocystiene, and subsequently decreased
risk for NTD®3?,

In the present study, some case mothers were not
included due to the absence of properly matched control
mothers; however, no statistical difference was observed
between the general characteristics of cases included and
excluded from the study. Moreover, the possibility of recall
bias is also very limited as the interview from case and
control mothers was conducted during pregnancy or
immediately after childbirth; also, as the women belonged
to low-socio-economic strata, there is consistency in
their dietary intake irrespective of their pregnancy status.
However, the study has some limitations; the assessment of
the contaminants present in the groundwater could not be
done, as the localities of the participants varied widely and
the collection of water samples was beyond the scope of
the study. Further, in the absence of precise nutritional
deficiency data (biochemical analysis), the study provides
better understanding on the role of general food items and
other demographic factors possibly having an impact on
the incidence of NTD, in Indian context.

Conclusions

Various nutritional factors — source of water, kind of milk,
amount of milk and number of meals in a day, weekly
consumption of vegetables, pulses and fruits, dietary habits
and weekly consumption frequency of non-vegetarian food
items (and/or eggs) — have been investigated in the present
study. The findings demonstrated possible association of
different types of NTD with the consumption of water,
milk, vegetables and fruits and dietary pattern. These
dietary food items provide essential nutrients like folic acid,
vitamin By, and other vitamins/minerals required during
embryogenesis, and their deficiency may cause NTD in the
growing fetus. It was further observed that folic acid sup-
plementation alone was not sufficient to control the births of
NTD children in the studied populations. Therefore, women
of reproductive age, specifically in the low socio-economic
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strata, need to be counselled about the importance of
necessary modifications in their dietary intake before and
during the pregnancy, with the aim towards the prevention
of such devastating birth defects. Moreover, many Indian
women follow vegetarian dietary habits, which may lead to a
deficiency of vitamin Byy; therefore, additional supplements
to such communities may help in reducing the incidence of
NTD. Furthermore we suggest that periconceptional intake
of multivitamins (folic acid/vitamin B,,/choline), possibly
through government-initiated nutritional programmes, might
be an effective measure to decrease the NTD incidence in
the present population.
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