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Abstract: 
Background: In pregnancy, deficiency of micronutrients like vitamins and minerals has been documented in 
previous studies. The possible deleterious effects of the deficiency on fetal outcomes and feto-maternal health are 
shown to be associated in some studies. However, data are scarce from Eastern India.  
Objective: To determine the health institute-based point prevalence of selected micronutrients in pregnant 
mothers and their association with adverse fetal and maternal outcomes.    
Methodology: In this community-based prospective observational study, complete blood count, vitamin B12, 
vitamin D, folic acid, iron profile, zinc and calcium are measured from pregnant mothers who attended 4 primary 
health centers in Jamuhar, Sasaram (Rohtas district) of Bihar during February 2024 to January 2025. ELISA and 
RIA were used to estimate serum ferritin and folate with minimum cut-off 15 and 3 ng/mL respectively. By food 
frequency questionnaire, pattern of food consumption was assessed. ECLIA was used to estimate vitamins B12 
and D with minimum cut-off 197 pg/mL and 50 mmol/L. All mothers were followed up (physically and/or 
telephonically) to observe fetal and maternal outcomes till at least 1 month after delivery.  
Results: Out of 251 pregnant women, 156 (62%) had Vitamin B12 deficiency, 148 (59%) had Vit D deficiency; 
126 mothers (50%) had Zinc deficiency and 73 (29%) had Ferritin deficiency. 112 participants (45%) had 
anaemia. Most mothers (54%) were in the second trimester. 123 mothers (49%) were suffering from multiple 
micronutrient deficiency. Significantly higher incidence of adverse fetal and maternal outcomes was associated 
with multiple micronutrient deficiency (Odds Ratio 2.656, 95% CI 1.246 – 5.657; P = 0.011).     
Conclusion: Pregnant women were suffering from deficiency of multiple micronutrients of which Vitamin B12 
and Vitamin D deficiency were high. The incidence of adverse fetal and maternal outcomes was significantly high 
in mothers with multiple micronutrient deficiency.   
Keywords: Vitamin B12 deficiency, Vitamin D deficiency, Iron deficiency, Folic acid deficiency, Calcium 
deficiency, Zinc deficiency, Feto-maternal outcomes. 
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Introduction

‘Micronutrient deficiencies’ are defined as 
insufficient amounts of essential vitamins and 
minerals, which are obtained from the diet, to meet 
recommended daily allowances for proper health, 
growth and development. [1] It is widely prevalent 
in India. [2] In Pregnancy which is a high-risk 
condition, deficiency of micronutrients may worsen 
owing to increased demand of energy and nutrition 
and thus may affect the health and well-being of both 
the mother and fetus. [1]  

As recommended by the World Health Organization 
(WHO) to prevent maternal anaemia in pregnant 
women, India has started Iron-Folic Acid 
supplementation (containing 60 mg of elemental 

iron and 500 mcg of folic acid) to all pregnant 
women as a component of antenatal care since 1973. 
[3] Till date, most national programs in India, have 
heavily relied on IFA supplementation only. 
However, a number of studies have reported the 
importance of other micronutrients for well-being of 
mother and her baby. [4-6] If left unaddressed, 
micronutrient deficiencies may threaten the survival 
and well-being of women of reproductive age and 
their infants, and may put subsequent generations of 
children at risk due to the intergenerational transfer 
of malnutrition. [Unicef]  

Deficiencies of micronutrients (like, vit B12, vit D, 
zinc, iron, folic acid and iodine) during pregnancy 
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are known causes of Low Birth Weight (LBW) and 
other complications. Previous studies have 
documented status of one or two micronutrients 
amongst pregnant women. [7] A study reported that 
Multiple micronutrient supplements increased 
hemoglobin synthesis to the same extent as 
supplementation with iron with or without folic acid, 
although often they contained lower amounts of 
iron. [8] 

From India micronutrient deficiency in pregnancy 
have been reported from other parts [2, 9] but from 
Eastern India particularly in South Bihar data is 
scarce.  

Methodology 

Design: It was a primary health center-based, 
prospective, observational study with pregnant 
women from villages of South Bihar conducted in 
between February 2024 to January 2025 at 4 Primary 
Health Centers (PHC). The study protocol was 
approved by Institutional Ethics Committee of 
Narayan Medical College and Hospital, Jamuhar, 
Rohtas, Bihar.  

Participants: Four PHCs were randomly selected 
from the chosen district of Bihar. Pregnant women 
above 18 years of age from the randomly selected 
villages in the catchment area of 4 Primary Health 
Centers were traced with the help of ASHA workers 
and informed about the study and consenting 
participants were enrolled. A simple random 
sampling method was used for selection of PHC, 
area and villages.  

Multiple micronutrient deficiency was indicated by 
presence of deficiency of more than two 
micronutrients in any pregnant mother. A minimum 
of 20% prevalence was assumed. Based on that, 246 
pregnant mothers were necessary for this study to 
have 95% confidence level and 5% margin of error. 
We recruited 251 participants but outcomes of 8 
mothers could not be traced. Therefore, prevalence 
of nutrient deficiency was analyzed in 251 but 
association was estimated in 243 analyzable 
numbers.  

Mothers with known chronic disease, on treatment 
or any nutritional supplements except folic acid, iron 
and calcium as recommended at antenatal clinic, any 
known infection, history of abortion with unknown 
cause, age less than 18 or more than 40 were 
excluded.  

Procedure: Each consenting mother was 
interviewed to obtain their demographics, obstetric 
history, dietary practice and 6 mL blood was drawn 
and immediately sent to estimate complete blood 
count (CBC), vitamin B12, D, folic acid, iron 
profile, zinc and calcium.  

Enzyme Linked Immuno Sorbent Assay (ELISA) 
and the Radio-Immuno Assay (RIA) methods were 
used to estimate serum ferritin and folate with 
minimum cut-off 15 and 3 ng/mL respectively. By 
food frequency questionnaire, pattern of food 
consumption was assessed. Electro-
chemiluminescence Immunoassay (ECLIA) was 
used to estimate vitamins B12 and D with minimum 
cut-off 197 pg/mL and 50 mmol/L. Calcium was 
estimated by Spectrophotometry with a minimum 
cut-off 8 mg/dL and Atomic Absorption 
Spectrophotometer was used to estimate zinc with 
minimum cut-off 70 mcg/dL.  

Food consumption pattern of each participant was 
assessed utilizing the food frequency questionnaire. 
A 24-hour recall method was used to obtain nutrients 
information.  

Outcomes: All mothers were followed up 
(physically and/or telephonically) to observe fetal 
and maternal outcomes till at least 1 month after 
delivery. Any of the adverse fetal and maternal 
outcomes, like, low birth weight, late cry, neural 
tube defect, NICU admission, APGAR less than 7, 
fetal loss (abortion/IUD/still birth), fetal distress, 
IUGR, and perinatal death, gestational diabetes, 
preeclampsia, abruption placentae, etc was noted in 
the follow-up.  

Adverse maternal outcomes include obstructed 
labour, antepartum haemorrhage, postpartum 
haemorrhage, operative delivery, hypertensive 
disorders of pregnancy, gestational diabetes 
mellitus,  
Adverse fetal outcomes include small for gestational 
age, low birth weight (LBW), stillbirth, preterm 
birth, low Apgar score, neonatal deaths before seven 
days, need for admission to Neonatal Intensive Care 
Unit within 7 days of birth, etc.   

Statistical Analysis: Demographic variables were 
expressed as proportion (percentage). Nutrient 
deficiency was also expressed as proportion. The 
association in between nutrient deficiency and 
adverse maternal-fetal outcomes was analyzed by 
Odds Ratio (OR). Logistic regression was used to 
analyze the factors associated with micronutrient 
deficiency and association of the adverse outcomes 
with that.  

Results 

A total of 364 pregnant women were approached but 
251 mothers could be recruited and micronutrients 
assessed following written informed consent. 
Outcomes could not be traced in 8 of them. 
Therefore, association of outcomes to nutrient 
deficiency was analyzed in 243 participants.
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Table 1: Demographic variables of study participants (N=251) 
Variable Number of participants Proportion (%) 
Age (years) 
18 – 30 172 68.5 
31 – 40 79 31.5 
Gestational age  
First trimester 29 11.6 
Second trimester 136 54.2 
Third trimester 86 34.2 
Participant’s education  
Secondary or less 196 78.1 
Higher secondary  53 21.1 
Graduate or technical  2 0.8 
Postgraduate or more 0 0 
Occupation of participant  
Home-maker  186 74 
Farmer  0 0 
Non-skilled worker 45 18 
Business  20 8 
Skilled/ technical or professional  0 0 
Occupation of husband  
Farmer  173 69 
Non-skilled worker 19 7.6 
Business  59 23.4 
Skilled worker  0 0 
Technical or professional 0 0 
Dietary habit 
Vegan 3 1.2 
Vegetarian 144 57.4 
Non-veg 104 41.4 
Parity  
1 141 56.18 
2 90 35.85 
3 or more 20 7.97 

 
More than 50% of the participants were vegetarian, 
home-maker, did not complete secondary education 
and were in their second trimester of gestation. 

Husbands of most of them are farmers by occupation 
(69%).

 
Table 2: proportion of participants with micronutrient deficiency (N = 251) 

Deficient micronutrient Number of deficient participants  Proportion (%) 
Vit B12 156 62 
Folate 10 4 
Vit D 148 59 
Calcium 8 3 
Zinc  126 50 
Iron/ferritin  73 29 
B12 and D 47 18.7 
B12 and zinc 36 14.3 
B12 and ferritin  17 6.8 
D and ferritin  15 6.1 
B12, D and zinc  8 3.1 

 
Out of 251 pregnant women, 156 (62%) had Vitamin 
B12 deficiency, 148 (59%) had Vit D deficiency; 
126 mothers (50%) were deficient with Zinc and 73 

(29%) with Ferritin. Hundred-and-twelve 
participants (45%) had anaemia out of which 67 
(60%) were megaloblastic.
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Table 3: Number of adverse fetal and maternal outcomes in multiple nutrient deficiency and without 
deficiency (N = 243) 

 Number of 
mothers 

Total adverse 
pregnancy outcomes  

Odds 
Ratio 

P 
value 95% CI 

Multiple nutrient deficiency 123 26 2.656 0.011 1.246 – 5.657 No or single nutrient deficiency 120 11 
  
Out of 243 participants whose outcomes were 
known, 123 had multiple nutrient deficiency and of 
them 26 adverse maternal-fetal outcomes were 
observed which was significantly higher than the 
other group of mothers with single or no nutrient 
deficiency where 11 adverse outcomes were 
observed (OR 2.656, 95% CI 1.246 – 5.657; P = 
0.011).  

Out of 147 participants with vegetarian and vegan 
dietary habits 81 had multiple micronutrient 
deficiency especially including vit B12 which was 
significantly higher than those with non-vegetarian 
habit (42 with multi-nutrient deficiency) (OR 1.812, 
95% CI 1.089 – 3.014; P = 0.022).  

Discussion 

Studies done in other parts of India reported 
prevalence of vit B12 deficiency around 50%. In this 
study, we observed a high prevalence of multiple 
micronutrient deficiencies among pregnant women 
in South Bihar. Vitamin B12 and D deficiencies 
were the most common, with 62% and 59% of 
participants affected, respectively. In a study from 
North India, prevalence of vit D deficiency is 
reported to be higher (91%). [8]  

Zinc deficiency was also prevalent, affecting 50% of 
the participants. The high prevalence of these 
deficiencies can be attributed to several factors, 
including dietary habits, socioeconomic status, and 
limited access to diverse food sources. 

Our findings are consistent with previous studies 
conducted in other parts of India, which have 
reported similar rates of vitamin B12 and D 
deficiencies among pregnant women. Vegetarian 
dietary practices, which are common in the region, 
may contribute to the high prevalence of vitamin 
B12 deficiency, as this vitamin is primarily found in 
animal-based foods. Additionally, limited sun 
exposure and inadequate dietary intake of vitamin 
D-rich foods can explain the high prevalence of 
vitamin D deficiency. 

The association between multiple micronutrient 
deficiencies and adverse pregnancy outcomes is 
well-documented in the literature. In our study, we 
observed a significantly higher incidence of adverse 
maternal-fetal outcomes among participants with 
multiple nutrient deficiencies compared to those 
with single or no deficiencies. These findings 
highlight the importance of addressing 
micronutrient deficiencies during pregnancy to 
improve maternal and fetal health outcomes. Both 

Vit B12 and Vit D deficiencies have been shown to 
be associated with adverse fetal and maternal 
outcomes. [4] That may be the contributing reason 
of higher adverse materno-fetal outcomes noted in 
our study. 

Lower education and socio-economic status may 
contribute to the high prevalence of micronutrient 
deficiency. Lower prevalence of folic acid may be 
explained by routine administration of folate 
supplements from antenatal clinic. Comparative low 
prevalence in calcium may be explained by dietary 
habit of the people and supplementation after 2nd 
trimester. 

Efforts to combat micronutrient deficiencies should 
include comprehensive antenatal care programs that 
go beyond iron-folic acid supplementation. 
Policymakers and healthcare providers should focus 
on promoting diversified diets, providing education 
on the importance of micronutrients, and ensuring 
access to supplements for at-risk populations. 
Additionally, further research is needed to explore 
the effectiveness of multiple micronutrient 
supplementation in improving pregnancy outcomes 
and to identify potential barriers to its 
implementation. 

Conclusion 

Pregnant women of Bihar were suffering from 
deficiency of multiple micronutrients of which 
Vitamin B12 and Vitamin D deficiency were high. 
The incidence of adverse fetal and maternal 
outcomes was significantly high in mothers with 
multiple nutrient deficiency.  
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