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ABSTRACT

OBJECTIVES: In India, despite the high prevalence of vitamin B12 (vit B12) deficiency, the current pub-
lic health policy focuses solely on iron and folic acid supplementation as a measure to prevent anaemia.
Vit B12 is an important cofactor for enzymatic reactions related to DNA synthesis, folate, and cell
metabolism. While folate deficiency has been acknowledged in not only the prevention of neural tube
defects and other adverse pregnancy outcomes, the effects of low vit B12 status have not been well de-
fined. It is becoming recognized that there is a much higher prevalence of B12 deficiency than earlier
suspected, and more of its effect on maternal and fetal health is being reported. The current study was
planned as an observational study to correlate the effects of vit B12 deficiency with respect to various
feto-maternal outcomes.

STUDY DESIGN: In this prospective cohort study a total of 300 antenatal women were screened for vit
B12 levels in the late first trimester and were followed up to find out co-existent folic acid deficiency, de-
velopment of pregnancy complications like anemia, gestational hypertension/pre-eclampsia, fetal growth
restriction (FGR), second-trimester abortions, gestational diabetes mellitus (GDM) and preterm deliveries.

RESULTS: It was found that most of the women with low B12 levels were vegetarian and had co-exis-
tent folic acid deficiency. They had a statistically significant increase in the incidence of anemia, pre-
eclampsia, gestational diabetes, (small for gestational age) SGA/FGR, and preterm births.

CONCLUSION: The study suggests that low levels of vit B12 increase the likelihood of adverse feto-
maternal outcomes. Further research involving larger sample sizes is necessary to confirm these find-
ings and determine if vit B12 supplementation should be included in pregnancy nutritional supplements,
especially in vegetarian women.
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Introduction

Maternal undernutrition predisposes to a range of adverse
pregnancy outcomes including maternal anemia, early preg-
nancy loss, hypertensive disorders of pregnancy, fetal con-
genital anomalies, poor fetal growth, and perinatal morbidity
and mortality. Poor fetal growth increases the risk of long-
term ill-health in the offspring including increased risk of non-
communicable diseases. Therefore, improving maternal nutri-
tion during pregnancy is an important focus of routine antena-
tal care and public health initiatives.

Traditionally vit B12 deficiency is equated to pernicious
anaemia (a genetic-immunological condition of intrinsic fac-
tor deficiency leading to poor absorption) and neurological
problems. There is an increasing recognition of the impor-
tance of maternal micronutrients (iron, vit B12, folate, vitamin
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C, vitamin D, pyridoxine, and choline) in fetal growth and de-
velopment. VitB12 and folate act as methyl donors in one-car-
bon metabolism which affects cell growth and differentiation
by influencing DNA synthesis and epigenetic regulation.
Therefore, they are important regulators of fetal growth. In ad-
dition, they are also important co-factors necessary to main-
tain normal levels of homocysteine, high levels of which are
known to cause several pregnancy complications due to their
pro-inflammatory properties (1,2).

However, while folic acid and iron deficiencies are being
addressed, vit B12 supplementation is not a part of routine
supplementation in pregnancy. The effects of low vit B12 sta-
tus in reproduction are not well defined, even though there are
close metabolic links between folate and vit B12. This may be
partially due to evidence that severe vit B12 deficiency, as
manifested in pernicious anemia, can cause infertility, but also
that vit B12 deficiency is generally considered to be a defi-
ciency of the elderly, and therefore the consequences of inad-
equate or marginal vit B12 status on reproduction have seldom
been addressed. However, these views are being modified and
it is becoming recognized that there is a much higher global
prevalence of low vit B12 status among women and children
than hitherto suspected. Consequently, reports of the effects of
nutritional vit B12 deficiency on maternal and neonatal health
are appearing more often in the literature (3).

The ultimate source of vit B12 in nature is microbes. Vit
B12 enters the food chain when animals obtain vit B12 by eat-
ing microbes. Humans obtain vit B12 from animal-sourced
foods (milk, eggs, fish, and meat) and bacterial contamination
of water and food. Multiple studies in India have established a
high prevalence of vit B12 deficiency in the population, with
geographical variations that have been ascribed to both the
socio-cultural practice of vegetarianism and lower socio-eco-
nomic status (4). Still, the current public health policy focuses
solely on iron and folic acid supplementation as a measure to
prevent anemia.

Behere et al conducted a systematic review of Indian stud-
ies focusing on the relationship between vit B12 deficiency
and feto-maternal outcomes (1). Using the Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) system, they evaluated the quality of evidence in
these studies. Their review found that while observational
studies supported the connection between B12 deficiency and
pregnancy complications, most of the studies on recurrent
pregnancy loss, pre-eclampsia, and preterm deliveries had
low-quality GRADE evidence. However, the evidence for the
development of gestational diabetes mellitus was of moderate
quality. Notably, there was high-quality evidence to support
the role of low maternal vit B12 in an increased risk of neural
tube defects and low birth weight (1). They concluded that in-
corporating vit B12 into current nutritional programs in India
can provide additional benefits for pregnancy outcomes be-
sides managing anaemia.
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Our study was designed as a prospective observational
study to correlate the levels of vit B12 levels during the first
trimester of pregnancy, and various feto-maternal outcomes,
especially anaemia, gestational hypertension/pre-eclampsia,
GDM, and FGR. A total of 302 patients were followed up from
the time of booking to delivery, and the results were collated.

Material and Method

This observational prospective cohort study was con-
ducted at the Dept of Obstetrics & Gynaecology of a tertiary
care hospital. The population comprised late first-trimester pa-
tients reporting to the antenatal clinic in the department. The
study included all pregnant women in their first trimester with
spontaneous conception who consented to participation in the
study. Patients with multiple gestations pregestational dia-
betes, chronic hypertension, and those who conceived through
in vitro fertilization (IVF) were excluded from the study.

The institutional ethical committee of our institution ap-
proved the study protocol on 02 Sep 2020 (Approval No IEC/-
8/2020/03). Informed consent of the study participants was
taken and the study was conducted in accordance with the
Declaration of Helsinki.

A total of 348 participants fulfilling inclusion criteria were
enrolled for the study and consent was obtained. A detailed his-
tory was recorded by the researchers. Venous blood samples
were collected at enrolment and analysed for routine antenatal
investigations and plasma vit B12 levels. Vit B12 assay was
done by chemiluminescence method using the VITROS vit
B12 calibrators on the VITROS 5600 Integrated system using
Intellicheck technology. The cut-off levels of vit B12, accord-
ing to the machine calibration were taken at 193 pg/mL.

The candidates were categorized into two groups, one with
normal plasma B12 levels and the other with low plasma B12
levels. 46 patients were lost to follow-up for various reasons
and a total of 300 patients were followed up till the culmina-
tion of pregnancy, of them 9 patients suffered second-
trimester abortion. Two hundred and three pregnant patients
reached the period of viability. Various obstetric outcomes
were recorded for all on predesigned proforma. The outcomes
measured were the number of second-trimester abortions, de-
velopment of anemia, gestational hypertension/pre-eclampsia,
gestational diabetes mellitus, fetal growth restriction, term or
preterm labor, and various neonatal outcomes like intrauterine
fetal demise, fetal birth weight in centile for the period of ges-
tation, and APGAR score at 5 min.

The collected data was analyzed using various statistical
techniques to explore the features and relationships between
the variables. Descriptive statistics were used to summarize
and describe the data. Categorical data was analyzed using the
Chi-square test to determine any associations between two
variables, while the Student-t test was used for quantitative
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data. A significance level of p <0.05 was used to determine
whether the results were statistically significant.

Results

Table I shows the distribution of vit B12 levels among 302
individuals. The results reveal that 52.31% of individuals had
vit B12 levels greater than or equal to 193, while 47.68% had
levels below this threshold. This suggests that there may be a
significant proportion of individuals who have lower than nor-
mal vit B12 levels

Table I: Distribution of vit B12 levels

Vit B12 Levels Number (n) Percentage
>193 158 52.31%

<193 144 47.68%

Total 302 100%

The following tables present the results of a study com-
paring demographic characteristics, and maternal and fetal
outcomes between patients with normal B12 levels and those
with low B12 levels. Table I includes information on age, co-
existing folic acid deficiency, food habits, gravidity, and sec-
ond-trimester miscarriages, and Table II presents subgroup
analysis after excluding abortions. There were no intrauterine
fetal demises in other pregnancies which crossed the period of
viability.

The data in Table II reveals that there were no significant
differences in age or gravidity between the two groups
(p=0.67 and p=0.66, respectively). A higher percentage of pa-
tients with low B12 levels had a co-existing folic acid defi-
ciency (28.47% vs. 17.72%, p=0.02, relative risk (RR)=1.59).
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Additionally, vegetarianism was strongly associated with low
B12 levels, with 69.93% of vegetarians having low B12 lev-
els compared to 20.13% of non-vegetarians (p<0.001, risk
ratio=3.47, 95% CI: 2.20-5.48). Since the majority of the re-
cruitment was carried out in the late first trimester, it was not
possible to document the first-trimester abortions. However,
there was no significant risk of second-trimester abortion ob-
served in the low plasma B12 group (p=0.24).

Table III presents a subgroup analysis after excluding
abortions. The results indicate that patients with low B12 lev-
els had significantly higher rates of gestational diabetes
(28.98% vs. 20.64%, p=0.02), anemia (32.60% vs. 22.46%,
p=0.01), pre-eclampsia (15.94% vs. 7.09%, p=0.009), and
small for gestational age (SGA)/FGR (73.18% vs. 26.45%,
p=0.001) compared to those with normal B12 levels.

The risk ratios (RR) calculated from the data show that pa-
tients with low B12 levels had a 1.4 times higher risk of de-
veloping gestational diabetes (RR=1.40, 95% CI 1.06-1.85), a
1.5 times higher risk of developing anemia (RR=1.53, 95% CI
1.12-2.08), a 2.3 times higher risk of developing pre-eclamp-
sia (RR=2.30, 95% CI 1.25-4.24), and a 2.8 times higher risk
of having SGA/FGR (RR=2.82, 95% CI 1.76-4.51) compared
to those with normal B12 levels.

There was no significant difference between the two
groups in terms of gestational hypertension (9.42% vs. 8.38%,
p=0.7), term deliveries (52.17% vs. 50.96%, p=0.043),
preterm deliveries at <34 weeks (5.07% vs. 3.22%), preterm
deliveries 34 to <37 weeks (21.01% vs. 10.96%), and APGAR
score at 5 minutes (<5: 2.17% vs. 1.2%, p=0.55).

Table II: B12 level analysis by demographic characters, food habits, folic acid deficiency, and second-trimester abortions

Age Patients with normal B12 levels  Patients with low B12 levels Total p
n=158 Nn=144 n=302

18-24 42 (26.58%) 43 (30.06%) 85 (28.14%) 0.67

25-29 76 (48.40%) 62 (43.05%) 138 (45.69%)

30-35 32 (20.38%) 34 (23.77%) 66 (22%)

>35 8 (5.09%) 5(3.49%) 13 (4.33%)

Gravidity

Primigravida 72 (45.56%) 62 (43.05%) 134 (44.37%) 0.66

Multigravida 86 (54.77%)

Co-existing Folic acid deficiency

< 8.6 ng/ml 28 (17.72%)
Food habits
Vegetarian 37 (23.41%)

Non-vegetarian 33 (21.01%)

2nd-trimester miscarriages 3 (1.89%)

82 (57.34%) 168 (56%)

41 (28.47%) 69 (22.84%) 0.02

100 (69.93%) 137 (45.36%) <0.001
29 (20.13%) 62 (20.52%)

6 (4.16%) 9 (2.98%) 0.24
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Table IlI: Subgroup Analysis after excluding abortions

Variables Patients with normal B12 levels Patients with low B12 levels p
n= 155 n=138

Gestational diabetes 32 (20.64%) 40 (28.98%) 0.02

Gestational hypertension 13 (8.38%) 13 (9.42%) 0.7

Anaemia 31 (22.46%) 45 (32.60%) 0.01

Pre-eclampsia 11 (7.09%) 22 (15.94%) 0.009

Term deliveries 79 (50.96%) 72 (52.17%) 0.043

Preterm deliveries at <34 weeks 5(3.22%) 7 (5.07%)

Preterm deliveries 34 to <37 weeks 17 (10.96%) 29 (21.01%)

SGA /FGR (weight < 10th centile) 41 (26.45%) 101 (73.18%) 0.001

(Appropriate for gestational age) AGA 102 (65.80%) 30 (20%)

(between 10th to 90th centile) 13 (8.38%) 2 (1.44%)

(Large for gestational age) 2 (1.2%) 3(2.17%) 0.55

LGA(weight > 90th centile)
APGAR at 5 minutes <5

Discussion

It is known that Folate and vit B12 are essential for several
metabolic processes in the body, involving synthesis, repair,
and regulation of DNA, proteins, membranes, and neurotrans-
mitters. Deficiency of these vitamins leads to wide-ranging
multi-system abnormalities, including megaloblastic anemia,
neurological disorders, and birth defects.

We observed a high prevalence of vit B12 deficiency in
our study population, amounting to almost 48%. This could be
attributed to the fact that most of the study population had a
vegetarian diet, which predisposes to vit B12 deficiency,
which has been documented by Kumavat et al (5). However,
a systematic review and meta-analysis by Sukumar et al, has
also shown a high prevalence of vit B12 deficiency in the non-
vegetarian population as well (6). This was attributed to the
lower socio-economic status of the population, who were un-
able to afford a non-vegetarian meal.

In a study done by Hiibner et al, it was found that low lev-
els of vit B12 had a statistically significant correlation with re-
current first-trimester abortions, the probable explanation
being the increase in homocysteine levels due to B12 defi-
ciency (7). Our study has not shown a similar significant cor-
relation possibly because the recruitment was mostly done in
the late first trimester.

Studies on the incidence of gestational hypertension/pre-
eclampsia have thrown up inconsistent results. One study by
Mujawar et al found lower levels of B12 in patients who de-
veloped pre-eclampsia (8). However, as per studies done by
Pisal et al and Kulkarni et al, patients with pre-eclampsia had
higher levels of B12 (9,10). Our study has demonstrated a

higher incidence of pre-eclampsia in patients with a deficiency
of vit B12, which was also statistically significant.

In addition to pre-eclampsia, we also found a higher inci-
dence of SGA/FGR infants in patients with reduced B12 lev-
els. This finding has been reflected in various studies carried
out previously, most notably done by Wadhwani et al, Mishra
et al, and Muthayya et al (11-13).

Our study revealed a significant correlation between B12
deficiency and increased incidence of GDM in comparison to
patients with B12 levels >193 pg/ml. The results were consis-
tent with the previous study by Chen et al (14). Another study
by Krishnaveni et al found vit B12 deficient women had a
higher incidence of gestational diabetes (15). Available evi-
dence suggests a possible role for low maternal B12 in in-
creasing the risk of GDM, however, reverse causality cannot
be ruled out. A study by Yajnik et al, the Pune Maternal
Nutritional Study did conclude that low Vit B12 concentra-
tions in the mother predisposed to adiposity in the infant (16).

Conclusion

Our study has established a high prevalence of Vit B12 de-
ficiency and coexisting folic acid deficiency in our population,
especially in vegetarian women, and its detrimental effects on
maternal and fetal health in terms of increased risk of pre-
eclampsia, gestational diabetes, anemia, and FGR. The current
study is not without its limitations though, primarily being a
small study.

Larger studies with a more robust design would be re-
quired to understand the correlation between B12 deficiency
and feto-maternal outcomes, along with variations in ethnic,
geographic, and cultural groups. It would also lay down the
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way forward to address this looming issue as a public health
initiative.
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