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Abstract
Background: Vitamin D deficiency during pregnancy leads to poor neonatal development which has serious consequences during

the later part of life. The aim of the study was to evaluate maternal and umbilical cord blood 25[OH] D concentrations and their association with birth weight.

Methods: Pre-delivery maternal venous blood within a week before delivery and paired matched neonatal cord blood samples were
collected from 75 pregnant women. Serum 25[OH] D was measured by high-performance liquid chromatography. Serum calcium,
phosphorus, and alkaline phosphatase activity were measured by colorimetric methods.

Results: Mean maternal serum 25[OH] D was 46.45 ± 5.02 ng/ml, and cord blood 25[OH] D was 21.89 ± 2.27 ng/ml. The serum
25[OH] D level of the mothers and the neonates were significantly associated (P < 0.01) with a linear correlation coefficient of r =
0.49. The mean birth weight of neonates was 2.83 kg ± 0.38 and 22% of the neonates had low birth weight (LBW) (2.33 ± 0.17). Average birth weight of normal babies was 2.97 ± 0.30. The mean maternal 25[OH] D level of mothers with normal birth weight babies

(n = 58; 77.33%) was significantly higher (50.41 ± 5.00 ng/mL) than that (28.24 ± 6.87 ng/mL) of mothers with LBW babies (p <

0.0001). There was a high degree of positive correlation between maternal 25[OH] D status with neonate’s birth weight (r = 0.593,
p < 0.01).

Conclusion: The results obtained in this study show that there is significant correlation between maternal vitamin D with neonatal
birth weight in a cross-sectional urban population of Bangladesh.
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Introduction
Vitamin D is a fat soluble secosteroid formed mostly in human

skin by exposure to sunlight, with a small fraction coming directly

from the diet [1,2]. Either endogenous or from dietary sources,

both are transported in the liver, where their first hydroxylation at

the carbon in position 25 takes place, producing 25-hydroxyvita-

min D (25[OH]D) [3]. 25[OH]D is the major circulating form of vita-

min D, and its concentration in serum reflects the vitamin D stores
in humans. Vitamin D deficiency is a worldwide health problem
that affects not only musculoskeletal health but also it may be associated with a wide range of acute and chronic diseases. A recent

study reported the association of vitamin D deficiency with the risk
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of type 2 diabetes mellitus in Bangladeshi population [4]. Adequate

vitamin D status is the key parameter for proper bone health in
early life and reduced risk for developing osteoporosis later. It also

prevents secondary hyperparathyroidism. Vitamin D is one of the
most important contributors to calcium (Ca) homeostasis [5].

Vitamin D deficiency during pregnancy is not only a danger

for maternal skeletal preservation [6] but also may be associated
with an increased risk of preeclampsia [7], insulin resistance and
gestational diabetes mellitus [8]. Throughout pregnancy, a woman

needs to maintain her vitamin D necessities to support her own

and her fetus [9]. Vitamin D status during pregnancy is vital to
maternal health, fetal development, and optimal neonatal out-

comes [10]. Numerous observational studies indicate an epidemic

of vitamin D deficiency in pregnant women in different countries
[11, 12]. Studies have shown that vitamin D-deficient mothers de-

velop secondary hyperparathyroidism, which leads to transitory
hypoparathyroidism and hypocalcemia among the neonates [13].

During pregnancy, adequate vitamin D guarantees proper mater-

nal responses to the calcium demands of the fetus and neonate as
neonatal vitamin D stores are entirely dependent on the mothers
[9]. Many clinical studies support that severe maternal vitamin D

deficiency causes hypocalcemia and congenital rickets in infants.
Also, there is [14] evidence to support an association between the

prenatal vitamin D environment and the risk of later schizophrenia development [15]. Grant and his colleagues have reported that

maternal vitamin D deficiency is a risk factor for infantile autism

disease [16]. Mothers with low vitamin D intake during pregnancy,

children are found to be more common suffering eczema, hay fever
or allergic rhinitis [17].

Adequate maternal calcium and vitamin D intake are associ-

ated with appropriate birth weight [5]. In Asian populations living in England, half of the children having low hemoglobin level

are suffering from vitamin D deficiency [18]. Lower serum 25-hy-

droxyvitamin D [25(OH)D] concentrations during pregnancy are

associated with poor health outcomes for pregnant women and

newborns [19]. Pregnant women and newborns are recognized as
populations at increased risk of poor vitamin D status [20]. Given

the potential for poor vitamin D status during pregnancy to affect
maternal and child outcomes that remain important determinants

of global health, our objective was to determine the status of Bangladeshi pregnant women and their newborns to join the global
summary of vitamin D status in pregnant women and newborns.

Aim of the Study
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The aim of this study was to evaluate maternal and umbilical

cord blood vitamin D concentrations and its association with birth
weight.

Material and Methods
Study design
Dhaka, the capital city of Bangladesh (23°42′0″N 90°22′30″E)

experiences a hot, wet and humid tropical climate. The city has a

distinct monsoonal season, with an annual average temperature of
25°C (77°F) and monthly means varying between 18°C (64°F) in

January and 29°C (84°F) in August. Although the winter season in
Bangladesh is not significantly cold but to avoid the seasonal effect

on serum 25OH [D] concentration, samples were collected from
April to October 2016. Pre-delivery maternal venous blood within

a week before delivery and paired matched neonatal cord blood

samples were collected from 75 pregnant women with no history
of chronic diseases before pregnancy. Samples were collected from
Islami Bank Hospital, Dhaka and Azimpur Maternity Clinic, Dhaka.

Pregnant women with multiple gestation, gestational diabetes and
complicated pregnancy were excluded from the study. All partici-

pants were explained about the nature of the study, and informed
consent was obtained. They completed a structured questionnaire

covering information on age, height, weight, education, dressing
style, occupation, and frequency of child. No specific nutritional

data was taken. But from verbal communication it’s seen that near-

ly all patients take 9 cup of cooked rice, 3 cups of vegetable, and
approximately 60 gram of protein every day. No subject reported

any history of allergy or smoking. This study was approved by the
ethical review committee of faculty of Biological Sciences, University of Dhaka.

Laboratory analyses and data collection
Maternal venous blood and cord blood samples were collected;

centrifuged and appropriate aliquots of serum were taken in Ep-

pendorf tubes and stored at -20°C. Serum vitamin D was measured
using High-Performance Liquid Chromatography (HPLC). The sample was prepared according to the method described by Turpein-

en., et al. (2003) [21]. The mobile phase was HPLC grade methanol.

For separation, we used C18 column (100 × 4.6 mm, 3 µm particle
size). Injection volume was 20 microliters and the runtime was 10

minutes. For detection, the wavelength of UV detector was set to
254 nm. For standard curve preparation we used five different con-

centration of vitamin D standard (10, 20, 40, 80, 120 ng/mL). The
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curve was linear for area vs concentration data and the goodness of

fit (R2) was 0.9985. The lower detection limit was 2.0 ng/mL. Five
(5) ng internal standard was used for each sample. Before running

the sample, three replicates of a standard were used to evaluate
the relative standard deviation ( ± 2%). Serum calcium, inorganic

phosphorus and alkaline phosphatase (ALP) activity was measured
using the commercially available kit supplied by ThermoFisher Scientific.

Statistical analyses
Data were presented as mean ± SD or percentage (%). The mean

of two groups were compared using unpaired t-test. Linear correla-

tion and regression were used to test the correlation between the
measured parameters with graph pad prism 6. Data were tabulated
and statistically analyzed with Microsoft Excel 2013. P < 0.05 was
considered significant.

Results

In light of the ongoing debate on the optimal vitamin D concen-

tration in pregnant women, most experts are of the opinion that the

25[OH]D concentration in maternal blood should exceed 30 ng/mL
[22,23]. However, other authors claim that maternal concentration

that fully normalizes vitamin D metabolism and calcium homeostasis is at least 40 ng/mL [24], and still others that > 20 ng/mL
is necessary to prevent vitamin D deficiency in the newborn [25].

The following criteria of maternal serum 25[OH] D concentra-

tion were used in this study: recommended level > 30 ng/mL, insufficiency 20 - 30 ng/mL, deficiency < 20 ng/mL [26]. For umbilical

cord blood, >20 ng/mL was the recommended level and lower values signified vitamin D deficiency [27].

Maternal and neonatal characteristics
Maternal and neonatal characteristics are presented in table

1. Mean age of the study subjects was 24.78 ± 3.67 years (95% CI

22.68 to 24.68) (range: 18-32 years), most of them were house-

wives (72%). They were divided into three groups according to
their educational status like primary (5 years of education), sec-

ondary (10 years of education) and higher secondary (12 years
of education). Almost half of the study participants (48%) passed
higher secondary or more and 40% of the study subjects complet-

ed their high school education and the rest (12 %) has completed

primary education. Among the study subjects, 68% are Primigrav-

ida (first time pregnancy). In Bangladesh, most women wear saree
and salwar kamiz. Specially, after marriage, they prefer saree. In

our study, 60 % of the study subjects used to wear hizab with saree

Table 1: Maternal and neonatal demographic characteristics.
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Maternal Characteristics (n = 75)
Age (in years) mean ± SD
Education (%)
Primary
Secondary
> Higher secondary
Occupation (%)
Housewife
Working mother

Dressing style (%)
Saree
Salwar kameeze
Use saree/salwar kameeze with hizab
Frequency of child (%)
Primigravida
Multigravida

Supplementation with multivitamin
preparation (%)

Supplementation with single- component
vitamin-D preparation (%)
Time outside between 8 a.m. and 5 p.m.
Neonatal Characteristics (n=75)
Sex of newborns (%)
Males
Females

Weight of the newborn (kg)
> 2.50
< 2.50

Head circumference in newborn (cm),
mean ± SD

Body length of newborn (cm), mean ± SD

24.78 ± 3.67
12
40
48
72
28
85
15
60
62
38

75%
0

1.5 hr-3.0 hr
52
48

78%
22%

34.8 ± 0.85

49.35 ± 1.64

We also analyzed maternal demographic characteristics be-

tween mother of LBW baby group and mother of NBW baby group.

There was no significant difference between these two groups on
education, occupation, clothing, presence of supplement, outing
time, and BMI (Table 2).

Maternal vs neonatal (Umbilical cord blood) 25[OH]D
Mean level of serum 25[OH] D in mothers was 46.45 ± 5.02

ng/ml and in their neonates was 21.89 ± 2.27 ng/ml. The serum
25[OH] D level of the mothers and the neonates were significantly

associated (P < 0.01) with a linear correlation coefficient of r = 0.49
(Figure 1). We found no significant difference in 25 [OH] D levels
due to dressing style.

or salwar kamiz when going outside.
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Table 2: Maternal demographic parameters based on mother of
LBW baby and mother of NBW baby.
Mother of LBW
baby (n = 17)

Mother of
normal weight
baby (n = 58)

P value

23.27 ± 3.165

23.79 ± 3.826

ns

Primary (%)

25

18

≥Higher Secondary (%)

42

43

Parameters
Age

Education

Secondary (%)
Occupation

Housewife (%)
Working
mother (%)
Clothes

33

82
18

39

73
27

ns

ns
ns

83

79

Presence of
supplement (%)

69

76

ns

23.77 ± 2.334

ns

Outing time
BMI

17

2.21 ± 0.57
23 ± 2.366

21

2.29 ± 0.68

vided into three groups like sufficient (>30 ng/mL), insufficient
(20 - 30 ng/mL) and deficient (< 20 ng/mL) groups. More than half

of the study mothers (54%) showed the recommended or sufficient level of serum 25[OH]D level, 20% of the study mothers were

insufficient, whereas 26% of the study mothers were deficient in
serum 25[OH] D level. Neonates were divided into two groups depending on the umbilical cord blood 25[OH]D contents like recom-

mended or sufficient group (> 20 ng/mL) and deficient group < 20

ng/mL). Almost half of the neonates (54%) of the study group were
deficient in 25[OH]D level and 46% of the neonates were found to
have recommended or sufficient level of 25[OH]D.
Maternal 25[OH] D level and birth weight

Saree (%)

Salwar kameeze
(%)

22

According to serum level of 25[OH] D, study mothers were di-

The mean birth weight of neonates was 2.83 kg ± 0.38 (95%

CI 2.72 to 2.94) (range: 1.8-3.6 kg) and 22% of the neonates have
low birth weight (LBW) (2.33 ± 0.17) (95% CI 2.23 to 2.43). Aver-

age birth weight of normal babies was 2.97 ± 0.30 (95% CI 2.876
to 3.064). The mean maternal 25[OH]D level of mothers with nor-

mal birth weight babies (n = 58; 77.33%) was significantly higher

(50.41 ± 5.00 ng/mL) than that (28.24 ± 6.87 ng/mL) of mothers

ns

Data represented as mean ± SD and percent. Unpaired t-test
and chi-square test was done to assess significant difference
between groups. P < 0.05 was considered as significant.

Figure 1: Correlation between maternal and neonatal vitamin D.
There was low degree of positive correlation between maternal
and neonatal serum vitamin D level (r = 0.49, p < 0.01).

with low birth weight (LBW) babies (p < 0.001). There was a high
degree of positive correlation between maternal 25[OH] D status

with neonate’s birth weight (r = 0.593, p < 0.01) (Figure 2). Moth-

ers with LBW babies had lower calcium but higher phosphorous
and ALP activity compared to mothers with NBW babies (Table 3).

Figure 2: Correlation between maternal vitamin D and neonatal birth weight. There was high degree of positive correlation
between maternal vitamin D and neonatal birth weight (r = 0.59,
p < 0.01).
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Table 3: Maternal and neonatal status of 25OH[D], calcium, phosphorus, and alkaline phosphates according to birth weight.
Cord blood

Parameters
25OH[D] (ng/mL)
Calcium (mg/dL)

Phosphorus (mg/dL)

Alkaline phosphatase (U/L)

Birth weight <
2.5Kg; n = 17

Birth weight >
2.5 Kg; n = 58

13.8 ± 3.1

22.24 ± 1.84

49.49 ± 0.87

40.78 ± 3.42

7.47 ± 0.25

5.02 ± 0.31

8.54 ± 0.24

6.81 ± 0.39

p-value

Venous blood

Birth weight <
2.5Kg; n = 17

Birth weight >
2.5 Kg; n = 58

P < 0.0001

28.24 ± 6.87

50.41 ± 5.00

P < 0.0001

90.29 ± 4.33

69.47 ± 4.72

P < 0.05

P < 0.0001

8.63 ± 0.19

4.27 ± 0.25

9.99 ± 0.32

4.97 ± 0.16
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p-value

P < 0.0001

P < 0.0001

P < 0.0001
P < 0.0001

Among the study subjects, 22.6% (n = 17) mothers gave birth to

abundant almost year round; therefore the extent of vitamin D

samples), other biochemical parameters like calcium, phospho-

neous vitamin D synthesis year-round. However, a high prevalence

we compared babies born with low birth weight with those with

been reported to impact the level of serum vitamin D, calcium and

LBW babies (birth weight < 2.5Kg). Along with the lower 25[OH]
D status in low birth weight neonates (assessed in cord blood
rous, and alkaline phosphatase activity were significantly different

when compared to normal birth weight neonates (Table 3). When

normal birth weight, we found significantly lower serum 25[OH]D
(p < 0.0001), lower serum calcium levels (p = 0.0131), lower phosphorous (p < 0.0001), and higher alkaline phosphatase activity (p

deficiency is rather surprising in Bangladeshi population given its
geographic latitude ( 23°42′0″N 90°22′30″E), which support cuta-

of vitamin D deficiency in Bangladeshi women has been reported
in some studies [30,31]. In Bangladesh, socioeconomic status have
alkaline phosphatase (ALP) activity in pregnant women [32].

More than half of the study mothers (54%) showed the recom-

< 0.0001). Similar pattern was found when we compared venous

mended or sufficient level of serum 25[OH] D level, 20% of the

Relationship between maternal 25[OH] D status with mater-

maternal 25[OH] D level was 45.53 ± 30.81 ng/mL and the neona-

blood of corresponding mothers.

nal and neonatal biochemical parameters
Correlation analysis between maternal 25[OH] D and other bio-

chemical parameters shows that maternal 25[OH] D have signifi-

study mothers were insufficient, whereas 26% of the study moth-

ers were deficient in serum 25[OH] D levels. The mean value of
tal 25[OH] D level was 22.16 ± 12.37 ng/mL. Most of the authors
recommend that the pregnant mother should receive 2000 IU of

25[OH] D daily during the third trimester [33]. In the present study,

cant positive correlation with maternal calcium (r = 0.35, p < 0.05)

75% of the pregnant mothers were found to intake 200 IU of vita-

min D and maternal ALP activity (r = -0.53, p < 0.05). The maternal

the maternal 25[OH] D level. This is a positive sign of health care in

and maternal phosphorus (r = 0.336, p < 0.05). On the other hand, a
significant negative correlation was found between maternal Vitavitamin D has an impact on neonatal serum parameters. Maternal
serum 25[OH] D status showed a positive correlation with neonatal

25[OH] D (r = 0.49, p < 0.01) and neonatal calcium (r = 0.195, p <
0.05). Maternal 25[OH] D level showed a negative correlation with

neonatal phosphorus (r = 0.24, p < 0.05) and ALP activity (r = 0.35,
p < 0.05).

Discussion and Conclusion
Most of the studies on vitamin D status in the general popula-

tion identified women and newborns as groups at increased risk

of serum 25[OH]D concentrations [28,29]. Vitamin D deficiency
is prevalent in various parts of the world including South Asia.

Bangladesh is a tropical country of South Asia where sunlight is

min D per day as a component of multivitamin preparation from 15

to 20 weeks to the full term of pregnancy which may contribute to
Bangladesh. With the growing economy of the country, consciousness about health care is also growing among people. High income

group people usually take their medical care from private hospi-

tals which are expensive but in our study most of the subjects were
from moderate to low income group.

The neonates derive the vitamin D through the trans-placental

passage of vitamin D metabolites during intrauterine life. The ma-

jor metabolite to cross the placenta is 25[OH] D with cord level being approximately two-thirds of those found in the mothers [34].

Thus, unless exogenous vitamin D is provided, the vitamin D of the

neonates will drop as its half-life is only 3 - 4 weeks. The vitamin
D content of the breast milk has been estimated to be between 20
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and 60 Iu/L [35] and is not adequate for meeting the requirement
of a growing baby [36]. The infants of the mothers with adequate

25[OH] D are likely to improve their vitamin D status faster than
those of the mothers with lower serum 25[OH] D level.

Vitamin D metabolism is enhanced during pregnancy and lac-

tation. It crosses the placenta, so the vitamin D level of the new-
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