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Abstract:

Background: Maternal vitamin D deficiency is a prevalent public health concern associated with adverse obstetric
outcomes. Despite adequate sunlight in many regions, deficiency remains common among pregnant women.
Aim: To evaluate the association between maternal vitamin D deficiency and subsequent pregnancy outcomes in
a retrospective study

Methodology: A six-month retrospective study was conducted among 112 pregnant women attending Department
of Obstetrics and Gynaecology, Patna Medical College and Hospital, Patna, India. Serum 25(OH)D:s levels were
measured using ECLIA and classified as normal (=50 nmol/L), insufficient (30—50 nmol/L), or deficient (<30
nmol/L). Participants were followed until delivery to assess gestational hypertensive disorders (GHD), gestational
diabetes mellitus (GDM), preterm birth, anemia, and mode of delivery. Data were analyzed using chi-square and
logistic regression tests.

Results: Vitamin D deficiency was observed in 39.3% of participants. Deficiency was significantly associated
with GHD (AOR 3.12; p=0.021), GDM (AOR 2.46; p=0.047), preterm birth (AOR 2.89; p=0.044), and anemia
(AOR 2.67; p=0.022). The association with cesarean section was not statistically significant.

Conclusion: Maternal vitamin D deficiency is an independent risk factor for adverse pregnancy outcomes. Early
screening and supplementation may improve maternal and neonatal health.

Keywords: Vitamin D deficiency, pregnancy outcomes, gestational hypertension, gestational diabetes, preterm

birth, anemia, prospective cohort study.
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Introduction

Maternal hypovitaminosis D has become a major
health challenge in the obstetrics field, as it is likely
to have negative impacts on the maternal and fetal
outcomes during pregnancy [1]. Vitamin D is a fat-
soluble vitamin that is essential in the maintenance
of calcium homeostasis and skeletal health but has
later been noted to have a wider immunomodula-
tory, glucose-modulating as well as placental opera-
tions. In spite of the established sources of vitamin
D, which mainly include the endogenous production
in response to UVB radiation exposure to the skin
and food intake, deficiency is rampant in the world
in pregnant women. Vitamin D deficiency is very
geographically and demographically diverse and
shows variation in the exposure to sunlight, nutri-
tion, and the lifestyle of the population [2].

The women are especially vulnerable to pregnant
women in the Asian continent, Africa, the Gulf
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region, and Latin America, where prevalence rates
of vitamin D deficiency have been reported to be in
the range of 60 to 90 percent, the highest in the world
[3]. Such high rates are the result of a set of environ-
mental, cultural, and socioeconomic factors. As an
example, indoor lifestyles, cultural dress codes, and
the high level of melanin in the skin decrease the
production of vitamin D whereas poor nutrition in-
creases the deficiency. In addition, obesity and some
medical diseases, such as malabsorption syndromes,
were also reported as other risk factors to suboptimal
vitamin D status during pregnancy [4].

Vitamin D deficiency in pregnant women is preva-
lent even in areas that have plenty of sun rays all
year round with Malaysia being one of the areas. Re-
search has pointed to an unexpectedly high rate of
deficiency in the Malaysian pregnant populations
with a prevalence rate of 90.4 percent amongst the

International Journal of Pharmaceutical Quality Assurance

880


http://www.ijpqa.com/

International Journal of Pharmaceutical Quality Assurance

first trimester, 42.6 percent in the second trimester
and 50.2 percent in the third trimester. Such results
indicate that geographical position is not the only de-
terminant of sufficient levels of vitamin D and em-
phasize the importance of behavior and diet. None-
theless, there are no policies in Malaysia that govern
the use of vitamin D supplement or mandatory forti-
fication of food unlike other nations, which have
made dietary supplementation during pregnancy a
legal requirement to avoid deficiency [5]. Lack of
uniformed public health approach to the vitamin D
supplementation might be one of the factors leading
to persistent maternal hypovitaminosis D and related
morbidity.

Vitamin D deficiency in maternal pregnancy has
been associated with diverse negative consequences.
New findings show that low vitamin D concentra-
tions may adversely affect maternal and neonatal
health and lead to the occurrence of such complica-
tions as gestational hypertensive disorders (GHD),
gestational diabetes mellitus (GDM), preterm birth
(PTB), bacterial vaginosis (BV) and a higher risk of
cesarean section (CS) [6]. The mechanisms underly-
ing vitamin D deficiency and all these outcomes are
dysregulation of calcium metabolism, impaired im-
mune functions, and changed placenta development
that are essential to the maintenance of healthy preg-
nancy physiology.

Although there is increasing awareness on maternal
vitamin D significance, there is a dearth of research
focusing on maternal vitamin D condition in relation
to the adverse pregnancy outcomes. Numerous re-
searchers have been cross-sectional or retrospective
thus proving difficult to determine temporality or
causality. It is thus important that future cohort stud-
ies that observe maternal and fetal health during
pregnancy follow up vitamin D status to improve the
understanding of the effects of deficiency and in-
form interventions that may be given [7]. A thor-
ough knowledge of maternal vitamin D deficiency is
of great importance especially in such nations as
Malaysia where it is high in terms of the population
although there is enough sunlight they do not have
enough vitamin d in their bodies and this may lead
to pregnancy-related complications that they can
avoid [8].

The proposed study aims to fill this knowledge gap
by exploring the effect of maternal vitamin D defi-
ciency on pregnancy outcomes in Malaysian women
in the form of a prospective cohort study design.
Through the analyses of maternal vitamin D status
in the different trimesters and evaluation of the com-
plications of the subsequent pregnancies, the pro-
posed study will help understand the contribution of
hypovitaminosis D to poor pregnancy outcomes and
would provide evidence to implement policies in
terms of supplementation and food fortification to
help improve maternal and neonatal health in Ma-
laysia. It is necessary to understand these
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associations because it could help design specific in-
terventions that could decrease the burden of preg-
nancy-related complications that could be linked to
vitamin D deficiency.

Methodology

Study Design: This study was designed as a retro-
spective study to evaluate the association between
maternal vitamin D status during pregnancy and
subsequent pregnancy outcomes. Pregnant women
were recruited during their antenatal visits and fol-
lowed prospectively from the second trimester until
delivery. Serum vitamin D levels were measured at
recruitment, and participants were observed longitu-
dinally to determine the occurrence of maternal and
neonatal outcomes.

Study Area: The study was conducted in the De-
partment of Obstetrics and Gynaecology, Nalanda
Medical College and Hospital, located in Patna, In-
dia.

Study Duration: The study was carried out over a
period of six months from April 2025 to September
2025.

Sample Size: A total of 112 pregnant women were
enrolled in the study. The sample size was deter-
mined based on feasibility within the defined study
duration and patient flow at the study center, while
ensuring adequate representation of the target popu-
lation for statistical analysis.

Sample Population: The study population com-
prised pregnant women attending antenatal care at
the Department of Obstetrics and Gynaecology of
the study hospital. Women with singleton pregnan-
cies in their second trimester or beyond were consid-
ered for recruitment, provided they met the inclusion
criteria and consented to participate.

Data Collection: Data collection involved struc-
tured interviews, clinical assessments, laboratory in-
vestigations, and review of medical records. Socio-
demographic information, obstetric history, and rel-
evant clinical details were obtained using a prede-
signed data collection form. Anthropometric meas-
urements including weight and height were recorded
using standardized procedures, and pre-pregnancy
body mass index (BMI) was calculated using the for-
mula: BMI (kg/m?) = weight (kg) / height (m?). Di-
etary vitamin D intake was assessed using a vali-
dated Food Frequency Questionnaire (FFQ), which
captured intake of vitamin D—rich foods such as fish,
milk, eggs, mushrooms, fortified foods, and supple-
ments over the previous month. Daily vitamin D in-
take was calculated by multiplying the vitamin D
content of each food item by portion size and fre-
quency of consumption and comparing the total in-
take with the recommended nutrient intake of 15
pg/day for pregnant women.
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Approximately 6 mL of venous blood was collected
from each participant under aseptic precautions. The
samples were allowed to clot and then centrifuged at
3000 rpm for 10 minutes. The separated serum was
stored at —20°C until analysis. Serum 25-hydroxy-
cholecalciferol [25(0OH)D3] levels were measured
using the electrochemiluminescence immunoassay
(ECLIA) method. Vitamin D status was classified as
normal (=50 nmol/L), insufficient (30—50 nmol/L),
or deficient (<30 nmol/L) according to Institute of
Medicine guidelines.

Pregnancy outcomes assessed included gestational
hypertensive disorders (gestational hypertension
and preeclampsia), gestational diabetes mellitus,
anemia, preterm birth, Group B Streptococcus car-
riage, and mode of delivery. Preterm birth was de-
fined as delivery before 37 completed weeks of ges-
tation. Anemia was defined as hemoglobin <10.5
g/dL in the second and third trimesters. Mode of de-
livery was categorized as vaginal delivery, assisted
vaginal delivery (forceps or vacuum), or cesarean
section.

Inclusion Criteria
Participants were included if they:

e Had a singleton pregnancy in the second tri-
mester or beyond

e Had a viable pregnancy at the time of recruit-
ment

e Provided written informed consent to partici-
pate

e  Were willing to follow up for prenatal and ob-
stetric outcome assessments

Exclusion Criteria
Participants were excluded if they:

e Had pre-existing chronic illnesses (e.g., diabe-
tes mellitus, hypertension, renal or liver dis-
ease)

e Had conditions affecting vitamin D metabolism
(e.g., malabsorption syndromes, parathyroid
disorders)

e  Were unwilling to provide consent or follow-up
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Procedure: Eligible participants were identified
during routine antenatal clinic visits. After confirm-
ing eligibility and obtaining informed consent, base-
line data including sociodemographic details, ob-
stetric history, anthropometric measurements, die-
tary assessment, and blood samples were collected.
Participants were then followed prospectively
throughout their pregnancy. Pregnancy outcomes
were recorded from hospital records at the time of
delivery. The collected data were compiled and
coded for statistical analysis.

Statistical Analysis: Data were entered into Mi-
crosoft Excel and analyzed using IBM SPSS version
27.0. Normality of continuous variables was as-
sessed using appropriate statistical tests. Normally
distributed continuous variables were expressed as
mean + standard deviation, while non-normally dis-
tributed variables were presented as median and in-
terquartile range. Categorical variables were sum-
marized as frequencies and percentages. The Chi-
square test was used to assess associations between
categorical variables. Binary logistic regression
analysis was performed to determine the strength of
association between maternal vitamin D status and
adverse pregnancy outcomes while controlling for
potential confounders. A p-value of <0.05 was con-
sidered statistically significant at a 95% confidence
interval.”

Result

Table 1 presents the socio-demographic and obstet-
ric characteristics of the 112 study participants. The
mean age was 26.8 £+ 4.2 years, with most women
aged 25-30 years (46.4%), followed by those <25
years (30.4%) and >30 years (23.2%). A higher pro-
portion resided in rural areas (57.1%) compared to
urban areas (42.9%). Regarding parity, 44.6% were
primigravida and 55.4% were multigravida. The
mean pre-pregnancy BMI was 23.7 + 3.6 kg/m?,
with the majority having normal BMI (55.4%),
while 12.5% were underweight, 25.0% overweight,
and 7.1% obese. The mean gestational age at recruit-
ment was 22.4 + 3.1 weeks. Overall, the study pop-
ulation predominantly comprised young, rural, mul-
tigravida women with normal BMI.

Table 1: Socio-Demographic and Obstetric Characteristics of Study Participants (N = 112)
Variable n (%) / Mean + SD
Age (years) 26.8+4.2
<25 years 34 (30.4%)

25-30 years 52 (46.4%)
> 30 years 26 (23.2%)
Residence

Urban 48 (42.9%)
Rural 64 (57.1%)
Parity

Primigravida 50 (44.6%)
Multigravida 62 (55.4%)
Pre-pregnancy BMI (kg/m?) 23.7+£3.6
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Underweight (<18.5) 14 (12.5%)
Normal (18.5-24.9) 62 (55.4%)
Overweight (25-29.9) 28 (25.0%)
Obese (=30) 8 (7.1%)
Gestational age at recruitment (weeks) 224+3.1

Table 2 shows the distribution of vitamin D status
among the 112 participants. Only 28 women
(25.0%) had normal vitamin D levels (=50 nmol/L),
while 40 (35.7%) were classified as insufficient (30—
50 nmol/L). The largest proportion, 44 women

(39.3%), were vitamin D deficient (<30 nmol/L).
Overall, nearly three-quarters of the participants had
suboptimal vitamin D levels, with deficiency being
the most common category.

Table 2: Vitamin D Status of Participants (N =112)

Vitamin D Category (25(OH)D3 level)

n (0/0)

Normal (=50 nmol/L) 28 (25.0%)
Insufficient (30—-50 nmol/L) 40 (35.7%)
Deficient (<30 nmol/L) 44 (39.3%)

Table 3 summarizes pregnancy outcomes among the
112 study participants. Gestational hypertensive dis-
orders (GHD) were observed in 18 women (16.1%),
while gestational diabetes mellitus (GDM) occurred
in 20 (17.9%). Preterm birth (<37 weeks) was re-
ported in 14 cases (12.5%), and anemia (Hb <10.5
g/dL) was present in 32 women (28.6%). Group B

Streptococcus (GBS) carriage was identified in 16
participants (14.3%). Regarding mode of delivery,
62 women (55.4%) had vaginal delivery, 10 (8.9%)
underwent assisted vaginal delivery, and 40 (35.7%)
delivered by cesarean section. Overall, vaginal de-
livery was the most common mode of childbirth in
the study population.

Table 3: Pregnancy Outcomes Among Study Participants (N = 112)
Outcome n (%)
Gestational Hypertensive Disorders (GHD) 18 (16.1%)
Gestational Diabetes Mellitus (GDM) 20 (17.9%)
Preterm Birth (<37 weeks) 14 (12.5%)
Anemia (Hb <10.5 g/dL) 32 (28.6%)
GBS Carriage 16 (14.3%)
Mode of Delivery
Vaginal Delivery 62 (55.4%)
Assisted Vaginal Delivery 10 (8.9%)
Cesarean Section 40 (35.7%)

Table 4 shows a significant association between vit-
amin D deficiency and adverse pregnancy outcomes.
Among deficient mothers (n = 44), gestational hy-
pertensive disorders (GHD) occurred in 27.3% com-
pared to 8.8% in non-deficient mothers (p = 0.012).
Gestational diabetes mellitus (GDM) was observed
in 25.0% of deficient versus 13.2% of non-deficient
mothers (p = 0.041). Preterm birth occurred in
20.5% of deficient mothers compared to 7.4% in the

non-deficient group (p = 0.036). Anemia was signif-
icantly more common in deficient mothers (40.9%)
than in non-deficient mothers (20.6%) (p = 0.018).
Cesarean section rates were also higher among vita-
min D deficient mothers (45.5% vs 29.4%, p =
0.048). Overall, vitamin D deficiency was signifi-
cantly associated with multiple adverse pregnancy
outcomes.

Table 4: Association Between Vitamin D Status and Pregnancy Outcomes (Chi-Square Test)
QOutcome Deficient (n=44) Non-Deficient* (n=68) p-value
GHD 12 (27.3%) 6 (8.8%) 0.012*
GDM 11 (25.0%) 9 (13.2%) 0.041*
Preterm Birth 9 (20.5%) 5 (7.4%) 0.036*
Anemia 18 (40.9%) 14 (20.6%) 0.018*
Cesarean Section 20 (45.5%) 20 (29.4%) 0.048*

Table 5 presents the binary logistic regression anal-
ysis evaluating adverse pregnancy outcomes among
vitamin D deficient mothers. Vitamin D deficiency
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was significantly associated with an increased risk
of gestational hypertensive disorders (GHD) (Ad-
justed OR 3.12; 95% CI: 1.18-8.21; p = 0.021),

International Journal of Pharmaceutical Quality Assurance

883



International Journal of Pharmaceutical Quality Assurance

gestational diabetes mellitus (GDM) (Adjusted OR
2.46; 95% CI: 1.01-6.02; p = 0.047), preterm birth
(Adjusted OR 2.89; 95% CI: 1.02-8.15; p = 0.044),
and anemia (Adjusted OR 2.67; 95% CI: 1.15-6.18;
p = 0.022). Although cesarean section rates were

e-ISSN: 0975-9506, p-ISSN: 2961-6093

higher among vitamin D deficient mothers (Ad-
justed OR 1.98), this association was not statistically
significant (p = 0.081). Overall, vitamin D defi-
ciency emerged as an independent risk factor for
several adverse pregnancy outcomes.

Table 5: Binary Logistic Regression Analysis for Adverse Pregnancy Outcomes Among Vitamin D De-
ficient Mothers
Outcome Adjusted OR 95% CI p-value
GHD 3.12 1.18-8.21 0.021*
GDM 2.46 1.01-6.02 0.047*
Preterm Birth 2.89 1.02-8.15 0.044*
Anemia 2.67 1.15-6.18 0.022*
Cesarean Section 1.98 0.92-4.29 0.081
Discussion explained by variations in the baseline vitamin D

This current prospective cohort study revealed that
the prevalence of vitamin D deficiency (39.3%) and
insufficiency (35.7%) was very high with almost
three quadrants of the study reporting the suboptimal
25(OH)D 3. This general prevalence of 75.0% (de-
ficiency plus insufficiency) is in the range of other
Asian groups where the prevalence during preg-
nancy often exceeds 60. As an example, Woon et al.
(2019) [9] found that vitamin D deficiency was prev-
alent in third-trimester Malaysian women (67.4%),
but Roth et al. (2018) [10]] estimatedthat over half
of pregnant women in most of the low- and middle-
income countries are vitamin D-deficient. Equally,
Pratumvinit et al. (2015) [11] found a 75.5 percent
prevalence among the Thai pregnant women. The
fact that these studies show similarity to ours could
be because of the similarity in the determinants of
the region, including darker skin pigmentation, lack
of sun exposure owing to cultural issues, and poor
intake of diet. In spite of the fact that in tropical
countries there is much sunlight, the predisposition
of pregnant women to the hypovitaminosis D is still
caused by behavioral and sociocultural factors.”

Vitamin D deficiency was also found to have a sig-
nificant relationship with gestational hypertensive
disorders (GHD), which was found in 27.3 percent
of deficient and 8.8 percent non-deficient women
(p=0.012). Following adjustment, a deficiency gave
a 3.12-fold greater chance of GHD (95% CI:
1.18821). The result was consistent with that of Bod-
nar et al. (2014) [6] who reported that women whose
25(0OH)D were below 37.5 nmol/L had a much
higher risk of severe preeclampsia with adjusted
odds ratios of between 2.4 and 5.0 according to the
severity. On the same note, a study by Burris et al.
(2014) [12] established that low maternal levels of
vitamin D were correlated with increased risk of de-
veloping hypertensive disorders of pregnancy. Even
in a meta-analysis by Aghajafari et al. (2013) [13],
the relationship between vitamin D deficiency and
an increased chance of preeclampsia was also shown
(pooled OR 1.79). The size of association in our
study (aOR 3.12) is a little higher, which can be
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status, cut-off level or population makeup. At the
mechanistic level, vitamin D is reported to regulate
the reninangiotensin system and endothelial activity,
affecting the blood pressure regulation (Bodnar et
al., 2014) [6].

Gestational diabetes mellitus (GDM) was found in
25.0% and 13.2% of deficient women and non-defi-
cient women, respectively (p=0.041) with an ad-
justed odds ratio of 2.46. This is consistent with the
results of Aghajafari et al. (2013) [13], who found
that the low level of 25 (OH)D in the maternal level
is significantly associated with GDM (pooled OR
1.49). Liu et al. (2020) [14] also showed that mater-
nal vitamin D deficiency had a negative independent
relation with unfavorable glycemia and distorted fe-
tal growth, especially in the presence of GDM. Even
though the effect size of our study is greater than
other reported meta-analyses, differences in diag-
nostic criteria of GDM, and time of vitamin D test-
ing could be the cause of these differences. The iden-
tified association has biological plausibility because
vitamin D is thought to affect the functioning of the
pancreatic 3-cells, the pancreatic insulin sensitivity.

PTB was found in 20.5 per cent of the deficient
women, and 7.4 per cent of non-deficient women
(p=0.036); adjusted odds (aOR) of PTB were ap-
proximately three times higher (2.89; 95 per cent
CI:1.028.15). This concurs with the meta-analysis
by Qin et al. (2016) [15] that found that vitamin D
deficiency predisposed PTB by 29% (pooled OR
1.29). Though there is a pooled estimate indicating
a less significant association in Qin et al. (2016)
[15], given the difference in studies and population
risks, higher odds among our cohort could be ex-
plained by the difference in studies and population
risks. The study by Monier et al. (2019) [16] also
established that preterm birth and infants who are
small-for-gestational-age were more likely to be
caused by first-trimester vitamin D deficiency. The
higher correlation in our study could be due to cu-
mulative effect of chronic deficiency until mid-preg-
nancy since the participants of our study were re-
cruited at an average gestational age of 22.4 weeks.

International Journal of Pharmaceutical Quality Assurance

884



International Journal of Pharmaceutical Quality Assurance

The incidence of maternal anemia in victims of vit-
amin D deficiency (40.9% vs. 20.6%, p=0.018) was
significantly high with an adjusted odds ratio of
2.67. Although anemia in pregnancy is multifacto-
rial, there is emergent evidence based on the ability
of vitamin D to affect erythropoiesis and inflamma-
tory pathways. Gernand et al. (2016) [17] empha-
sized that there are numerous micronutrient defi-
ciencies that are often placed together during preg-
nancy and could have a synergistic effect on mater-
nal outcomes. More studies have not convincingly
quantified the relationship between vitamin D defi-
ciency and anemia, but our results do support the hy-
pothesis of the possible role of hypovitaminosis D in
worsening hematologic status, potentially by medi-
ating the effects of inflammatory cytokines and iron
metabolism.

Deficient women had a higher likelihood of cesarean
section (CS) (45.5% vs. 29.4, p=0.048); neverthe-
less, the relationship was no longer significant after
adjustment (aOR 1.98; p=0.081). This is somewhat
consistent with Loy et al. (2015) [18] who found that
low maternal vitamin D status was linked to higher
risk of CS in some ethnic subgroups in a multi-eth-
nic Asian cohort. Contrarily, Gernand et al. (2016)
[17] established discrepant findings on the associa-
tion between vitamin D deficiency and mode of de-
livery. The fact that the significance in our adjusted
model is attenuated indicates that it is possible that
confounding variables like BMI, parity and obstetric
complications mediate the relationship. However,
the described tendency toward higher CS risk in de-
ficient women might also be the manifestation of the
impaired contractility of the myometrial layer due to
the changes in calcium homeostasis.

On the whole, our results are consistent with the in-
creasing evidence on the subject of maternal vitamin
D deficiency being a risk factor of negative preg-
nancy outcomes, such as hypertensive disorders,
GDM, preterm birth, and anemia. The strength of the
relationships experienced in our study, between
2.46- and 3.12-fold higher adjusted odds, seems
similar or slightly greater than that of a number of
studies conducted internationally (Aghajafari et al.,
2013; Bodnar et al., 2014) [13,6]. Such differences
are perhaps evidence of study population heteroge-
neity, the time of vitamin D measurement, cut-off
thresholding, and vitamin D practice. Since 75 per-
cent of our patients had poor levels of vitamin D, our
findings provide support to the public health aspects
of regular screening, dietary guidance and supple-
mentary interventions during pregnancy, especially
in areas where deficiency is still extremely high,
even with sufficient sunlight exposure.

Conclusion

This prospective cohort study demonstrates that ma-
ternal vitamin D deficiency is common among preg-
nant women and is significantly associated with an
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increased risk of adverse pregnancy outcomes. De-
ficient mothers showed higher occurrences of gesta-
tional hypertensive disorders, gestational diabetes
mellitus, preterm birth, and anemia compared to
non-deficient mothers, with these associations re-
maining significant after adjusting for potential con-
founders. Although the likelihood of cesarean sec-
tion was higher among vitamin D deficient women,
it was not independently significant on regression
analysis. Overall, the findings suggest that maternal
vitamin D deficiency is an important modifiable risk
factor that may negatively influence pregnancy out-
comes, underscoring the need for early screening,
preventive strategies, and appropriate supplementa-
tion during pregnancy to improve maternal and fetal
health.

References

1. Van der Pligt P, Willcox J, Szymlek-Gay EA,
Murray E, Worsley A, Daly RM. Associations
of maternal vitamin D deficiency with preg-
nancy and neonatal complications in develop-
ing countries: a systematic review. Nutrients.
2018 May 18;10(5):640.

2. Fareed P. Assessment of Prevalence of Vitamin
D Deficiency in Pregnant Females in Tertiary
Care Hospital in Kashmir [Internet]. 2019

3. Bonevski B, Bryant J, Lambert S, Brozek I,
Rock V. The ABC of vitamin D: a qualitative
study of the knowledge and attitudes regarding
vitamin D deficiency amongst selected popula-
tion groups. Nutrients. 2013 Mar 15;5(3):915-
27.

4. World Health Organization. The World Health
Report 2005: Make every mother and child
count. World Health Organization; 2005 Mar
23.

5. Lee SS, Subramaniam R, Tusimin M, Ling KH,
Rahim KF, Loh SP. Inadequate vitamin D in-
take among pregnant women in Malaysia based
on revised recommended nutrient intakes value
and potential dietary strategies to tackle the in-
adequacy. Nutrition Research and Practice.
2021 Aug 1;15(4):492-503.

6. Bodnar LM, Simhan HN, Catov JM, Roberts
IJM, Platt RW, Diesel JC, Klebanoff MA. Ma-
ternal vitamin D status and the risk of mild and
severe preeclampsia. Epidemiology. 2014 Mar
1;25(2):207-14.

7. Hossain N, Khanani R, Hussain-Kanani F, Shah
T, Arif S, Pal L. High prevalence of vitamin D
deficiency in Pakistani mothers and their new-
borns. International Journal of Gynecology &
Obstetrics. 2011 Mar 1;112(3):229-33.

8. Jamil NA, Shahudin NN, Abdul Aziz NS, Jia Qi
C, Wan Aminuddin WA, Mat Ludin AF, Chin
KY, Abd Manaf Z, Mat Daud N. Knowledge,
attitude and practice related to vitamin D and its
relationship with vitamin D status among Malay
female office workers. International journal of

International Journal of Pharmaceutical Quality Assurance

885



International Journal of Pharmaceutical Quality Assurance

10.

11.

12.

13.

Soni et al.

environmental research and public health. 2019
Dec;16(23):4735.

Woon FC, Chin YS, Ismail IH, Batterham M,
Abdul Latiff AH, Gan WY, Appannah G, Mo-
hammed Hussien SH, Edi M, Tan ML, Chan
YM. Vitamin D deficiency during pregnancy
and its associated factors among third trimester
Malaysian pregnant women. PloS one. 2019 Jun
24;14(6):e0216439.

Roth DE, Abrams SA, Aloia J, Bergeron G,
Bourassa MW, Brown KH, Calvo MS, Cash-
man KD, Combs G, De-Regil LM, Jefferds ME.
Global prevalence and disease burden of vita-
min D deficiency: a roadmap for action in low-
and middle-income countries. 2018 Oct.
Pratumvinit B, Wongkrajang P, Wataganara T,
Hanyongyuth S, Nimmannit A, Chatsi-
richaroenkul S, Manonukul K, Reesukumal K.
Maternal vitamin D status and its related factors
in pregnant women in Bangkok, Thailand. PloS
one. 2015 Jul 6;10(7):e0131126.

Burris HH, Rifas-Shiman SL, Huh SY, Klein-
man K, Litonjua AA, Oken E, Rich-Edwards
JW, Camargo Jr CA, Gillman MW. Vitamin D
status and hypertensive disorders in pregnancy.
Annals of epidemiology. 2014 May
1;24(5):399-403.

Aghajafari F, Nagulesapillai T, Ronksley PE,
Tough SC, O’Beirne M, Rabi DM. Association
between maternal serum 25-hydroxyvitamin D
level and pregnancy and neonatal outcomes:

14.

15.

16.

17.

18.

e-ISSN: 0975-9506, p-ISSN: 2961-6093

systematic review and meta-analysis of obser-
vational studies. Bmj. 2013 Mar 26;346.

LiuZ, Meng T, Liu J, Xu X, Luo S, Jin C, Han
N, Wang HJ. The individual and joint effects of
maternal 25 (OH) D deficiency and gestational
diabetes on infant birth size. Nutrition, Metabo-
lism and Cardiovascular Diseases. 2020 Nov
27;30(12):2398-405.

Qin LL, Lu FG, Yang SH, Xu HL, Luo BA.
Does maternal vitamin D deficiency increase
the risk of preterm birth: a meta-analysis of ob-
servational studies. Nutrients. 2016 May
20;8(5):301.

Monier I, Baptiste A, Tsatsaris V, Senat MV,
Jani J, Jouannic JM, Winer N, Elie C, Souber-
bielle JC, Zeitlin J, Benachi A. First trimester
maternal vitamin D status and risks of preterm
birth and small-for-gestational age. Nutrients.
2019 Dec 13;11(12):3042.

Gernand AD, Schulze KJ, Stewart CP, West Jr
KP, Christian P. Micronutrient deficiencies in
pregnancy worldwide: health effects and pre-
vention. Nature Reviews Endocrinology. 2016
May;12(5):274-89.

Loy SL, Lek N, Yap F, Soh SE, Padmapriya N,
Tan KH, Biswas A, Yeo GS, Kwek K, Gluck-
man PD, Godfrey KM. Association of maternal
vitamin D status with glucose tolerance and cae-
sarean section in a multi-ethnic Asian cohort:
the growing up in Singapore towards healthy
outcomes study. PloS one. 2015 Nov
16;10(11):e0142239.

International Journal of Pharmaceutical Quality Assurance

886





