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Abstract
Vitamin D de�ciency during pregnancy is a public health problem in Pakistan, and prevalent among most
women of reproductive age in the country. Vitamin D supplementation during pregnancy is suggested to
prevent adverse pregnancy outcomes and prevent vitamin D de�ciency in both the mother and her
newborn. However, there remains uncertainty surrounding the appropriate and safe dose for vitamin D
supplementation in pregnant women who experience de�ciency. We conducted a double-blinded,
randomized, controlled, dose-comparison trial aimed to evaluate the relationship between different doses
of vitamin D supplementation during pregnancy and pregnancy outcomes among women in a maternity
hospital of the Aga Khan University (AKU) in Karachi, Pakistan. Pregnant women (n=350) in their �rst
trimester were recruited and randomized to three treatment groups of vitamin D supplementation: 4,000
IU/day (Group A; n=120), 2,000 IU/day (Group B; n=115), or 400 IU/day (Group C – control; n=115).
De�ciency in serum vitamin D (serum 25OHD <20ng/mL) at baseline was prevalent in more than 95% of
women in each group. Participants in group A had the lowest vitamin D de�ciency at endline and in
newborns (endline: 75.9%; neonatal: 64.9%), followed by group B (endline: 84.9%; neonatal: 73.7%) and
then the control group (endline: 90.2%; neonatal: 91.8%). Vitamin D de�ciency was signi�cantly lower in
group A than group C (p=0.006) for women at endline, and lower in both group A and group B than the
control group (p=0.001) in neonates. There were no adverse events attributable to vitamin D
supplementation in all groups. Our study concluded that vitamin D supplementation with 4000 IU/day is
safe and effective in reducing the risk of maternal and neonatal vitamin D de�ciency.

Key Messages
Vitamin D de�ciency is a signi�cant public health issue and is prevalent in nearly all pregnant
women in Pakistan.

Due to long term and adverse health consequences associated with vitamin D, particularly among
infants, public health policy needs to be strengthened to ensure that vitamin D de�ciency is
minimized among pregnant women and therefore in their infants.

Guidelines regarding vitamin D supplementation during pregnancy should be revised for de�cient
women in at-risk populations

More robust cohort trials need to be conducted to evaluate the effectiveness of higher doses of
vitamin D supplementation in de�cient populations.

Introduction
Vitamin D has garnered a lot of attention in recent years due to a high global prevalence of vitamin D
de�ciency, which is affecting more than a billion people of all ages and ethnicity (Holick & Chen, 2008).
Both developing and developed countries have produced several studies concentrated on Vitamin D
de�ciency in their respective populations in adults and children (Cristina Palacios & Gonzalez, 2014;
Prentice, 2008). The role of Vitamin D as a regulator of bone mineral metabolism and skeletal
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development is well-established (Bikle, 2014; Olmos-Ortiz, Avila, Durand-Carbajal, & Díaz, 2015). It not
only affects musculoskeletal health, but can also result in several acute and chronic diseases (Hossein-
Nezhad & Holick, 2013).

Vitamin D has also been recognized through all stages of pregnancy and postnatal development of the
neonate, including calcium absorption, parathyroid hormone expression and growth-plate function
(Christakos, 2012; Kumar & Thompson, 2011; Merewood, Mehta, Chen, Bauchner, & Holick, 2009; Olmos-
Ortiz et al., 2015; St-Arnaud & Naja, 2011). Furthermore, maternal vitamin D de�ciency has been
commonly associated with adverse maternal and birth outcomes, such as vitamin D de�ciency and
hypocalcaemia in neonates, preterm birth, small for gestational age (SGA) and pre-eclampsia in meta-
analyses and clinical trials (Aghajafari et al., 2013; Panda, McIntosh, Chaudhari, & Kent, 2019; Tibbott,
Camadoo, & Isaza, 2007; C. L. Wagner et al., 2015; Wei, Qi, Luo, & Fraser, 2013). Vitamin D de�ciency and
insu�ciency is highly prevalent among pregnant women (Cristina Palacios & Gonzalez, 2014). The
prevalence of low vitamin D status (<50-75 nmol/l) in pregnant women is immense in South Asian and
Middle Eastern countries, particularly in India (96%), Bangladesh (64%), Turkey (90%), Kuwait (70-83%),
and Iran (60-80%), where sociocultural and religious dressing trends prevent direct exposure of skin to
sunlight, despite the abundance of sunshine throughout the year (De-Regil, Palacios, Lombardo, & Pena-
Rosas, 2016; Kazemi, Shari�, Jafari, & Mousavinasab, 2009; Maghbooli et al., 2007; Roth et al., 2013;
Vatandost et al., 2018). Similarly, a trial from Pakistan reported vitamin D de�ciency in 90.5% women (A.
Khan, Naureen, Iqbal, & Dar, 2013). The most recent National Nutrition Survey (NNS) 2018 reported a
prevalence of vitamin D de�ciency in 79.7% Women of Reproductive Age (WRA), which has increased by
11-13% since the previous NNS (2011) (Government of Pakistan, 2013; Government of Pakistan &
UNICEF, 2019). Another cross-sectional study in our department found that 99.5% of women and 97.3% of
their neonates were vitamin D de�cient in Karachi (Anwar et al., 2016).

In order to counter the adverse effects of vitamin D de�ciency, several trials have been conducted across
the globe to evaluate the impact of vitamin D supplementation during pregnancy on maternal and birth
outcomes (Agarwal, Kovilam, & Agrawal, 2018; De-Regil et al., 2016; Gallo et al., 2019; C. Palacios,
Kostiuk, & Pena-Rosas, 2019). However, very limited trials have been conducted in Pakistan to evaluate
the preventive impact of vitamin D supplementation on adverse maternal and neonatal health outcomes.
Studies conducted earlier were either unblended, did not compare different doses of vitamin D or did not
present outcomes of interest (Hossain et al., 2014; A. Khan et al., 2013; F. R. Khan, Ahmad, Hussain, &
Bhutta, 2016). Moreover, the ideal dose for vitamin D supplementation has not been evaluated in order to
ensure that those who are de�cient can achieve su�cient levels of serum 25-hydroxyvitamin
D concentrations in a country with such a high de�ciency.

The need, safety and effectiveness of vitamin D during pregnancy remains controversial. There is a
dearth of data and no universal agreement regarding appropriate dose of vitamin D during pregnancy,
although it appears to be greater than the current dietary reference intake of 200–400 IU/d (5–10 µg/d).
This reassessment is critical because the current recommendations result in a high degree of vitamin D
de�ciency. The Institute of Medicine recommends a dietary allowance of 600 IU/day of vitamin D to
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optimize maternal bone health and ensure fetal bone growth (Institute of Medicine, 2011). Moreover, the
World Health Organization only recommends pregnant women with vitamin D de�ciency a recommended
intake of 200 IU (5mcg) a day (World Health Organization, 2016). Hollis et al reported 50% of mothers
and 65% of newborn, severely vitamin D de�cient at the time of birth although these mothers were taking
prenatal vitamin containing 400 IU of vitamin D and drank 2 glasses of vitamin D forti�ed milk (B. Hollis
& Wagner, 2004). Various studies have showed that vitamin D supplementation of 4000 IU/day is more
effective in obtaining normal serum levels of vitamin D (32 ng/mL) as compared to 400 IU/day and 2000
IU/day in all pregnant women and newborns irrespective of race (Dawodu et al., 2013; B. W. Hollis,
Johnson, Hulsey, Ebeling, & Wagner, 2011; Mithal & Kalra, 2014). Furthermore, pregnant women receiving
4000 IU/day were reported to have a reduced risk of complications, preterm births, gestational diabetes,
pregnancy-induced hypertension, preeclampsia and infections (Dawodu et al., 2013; B. W. Hollis et al.,
2011; Mithal & Kalra, 2014). These studies suggest pregnant women may be unable to obtain adequate
serum levels of vitamin D solely through dietary sources, therefore, supplementation is essential. 

We therefore initiated a randomized controlled trial among pregnant women to assess the e�cacy, safety
and pregnancy outcomes of vitamin D supplementation. The objectives of the study were to estimate the
effective dose of vitamin D supplementation during pregnancy required to prevent vitamin D de�ciency,
pre-eclampsia, preterm birth, low birth weight and stillbirth rates. We also aimed to evaluate risk factors
associated with vitamin D de�ciency.

Methods
Study Design, Setting & Participants

We conducted a double-blinded, randomized, controlled trial to assess the e�cacy, safety and pregnancy
outcomes of different doses of vitamin D supplementation during pregnancy in Karachi, Pakistan. The
trial was carried out at Aga Khan University Hospital a�liated Hospital for Women and Children, Kharadar
in Karachi, Pakistan from June 2013 until December 2015. Pregnant women less than 16 weeks
gestation were eligible to participate in the study (identi�ed through their last menstruation period), had a
singleton pregnancy, and agreed to deliver at Aga Khan Hospital. Women who had a history of pre-
existing chronic conditions (type I or type II diabetes, chronic hypertension or chronic disease), had
multiple fetuses or had a fetal anomaly identi�ed through an ultrasound scan were not eligible to
participate in the study.

Sample Size and Randomization

In order to detect a 40% reduction in vitamin D de�ciency between control and intervention groups, we
calculated a sample size of 315 pregnant women in total (105 women in each group) at 80% power and
5% level of signi�cance, based on a 68% prevalence of vitamin D de�ciency among pregnant Pakistani
women (Government of Pakistan, 2013). To account for dropouts and lost to follow-up, the total sample
size was in�ated to 350 women. The data management unit of AKU created a block randomization list
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with a block size of ten to balance the number of participants allocated into the study groups. All study
personnel and participants were blinded to group assignment.

Study Intervention and Allocation

Study participants were allocated into three groups of Vitamin D supplementation: 4000 IU (Group A),
2000 IU (Group B) and 400 IU (Group C). The group receiving 400IU of Vitamin D was treated as the
control group. Vitamin D supplementation was started between 12th to 16th week of gestation,
irrespective of their gestational age at enrollment. The randomization list was provided to the pharmacy
at Aga Khan University (AKU), who prepared and packaged the supplements according to allocated
dosage and unique participant IDs. The Vitamin D supplements were distributed as oral syrups in bottles
that were identical in shape, size, colour and tasteThe study staff (investigators, laboratory staff, study
teams and data collectors) and participants were blinded to the dose of Vitamin D allocated to
participants. The allocation scheme was made available to the pharmacy in cases where individual
participants need to be unmasked due to suspected supplement-related adverse events (i.e.,
hypercalcaemia or vitamin D toxicity). Women were asked to continue their prenatal vitamins and iron
supplements in all three groups.

Outcomes

The primary outcome measures included pregnancy and birth outcomes, i.e. hypovitaminosis, pre-
eclampsia, gestational diabetes mellitus (GDM), preterm birth (<37 weeks gestation), low birth weight
(≤2500g) and still births (no signs of life upon delivery of baby). Based on clinical classi�cations, the
presence of vitamin D de�ciency (hypovitaminosis) was de�ned as serum 25-hydroxyvitamin D
concentration of less than 20 ng/ml, insu�ciency as 20-30 ng/ml, and su�cient as 30 ng/ml or greater
(Holick, 2007). Pre-eclampsia was suspected through blood pressure (>140/90mm/Hg) and con�rmed
through a urine dipstick test or urine DR test for proteinuria (≥300mg) (L. K. Wagner, 2004). A pre-
eclampsia pro�le included platelet count, serum uric acid and liver function tests. GDM was diagnosed
through glucose intolerance during an oral glucose tolerance test conducted in the second trimester of
pregnancy (OGTT). Glucose intolerance was de�ned by fasting glucose > 92mg/dL, one-hour glucose >
180mg/dL or two-hour glucose > 153mg/dL (American Diabetes Association, 2012). Our secondary
outcomes were to evaluate the prevalence of vitamin D de�ciency in pregnant women at enrolment and
evaluate risk factors associated with vitamin D de�ciency such as diet, exposure to sunlight and
biochemical measures (blood levels of calcium, phosphorus and alkaline phosphatase).

Enrolment and Data Collection

All eligible women were invited to participate in the study. Those who provided written consent were
enrolled. Baseline information collected at enrolment included socioeconomic measures, anthropometric
measurements (weight, height and BMI), gestational age. We also documented women’s exposure to
sunlight and dietary patterns at their baseline visit. Baseline information was collected using a
standardized questionnaire by trained data collectors. Gestational age was determined based on the last
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menstrual period and dating ultrasound. Diet was evaluated through the consumption of ten food groups
24-hours prior to their visit. The food groups included: 1) Grains, white roots, tubers, plantains; 2) Pulses;
3) Nuts and seeds; 4) Dairy; 5) Meat, poultry, �sh; 6) Eggs; 7) Dark green leafy vegetables; 8) Vitamin A
rich fruits and vegetables; 9) Other vegetables; 10) Other fruits. Blood samples were collected to identify
blood biochemical concentrations. Participants were provided with a supply of Vitamin D which was
replenished at their monthly/fortnightly follow-up visit. They were instructed to consume 5ml (1tsp) of
vitamin D syrup a day, which was equivalent to their allocated dosage.

Follow-up visits were conducted on a monthly basis till 28 weeks of gestation, fortnightly till 36 weeks,
and then weekly till the time of delivery. During visits, women were monitored for weight gain, blood
pressure, pregnancy-related complications, compliance to antenatal visit, dietary intake, exposure to
sunlight, and presence of adverse effects. Twenty-four-hour dietary recalls were conducted to determine
general eating patterns and assess dietary calcium and vitamin D intake. Compliance to vitamin D
supplementation was assessed through self-reporting and evaluation of syrup bottles at each follow-up
visit. After delivery, the newborn was assessed for neonatal abnormalities, gestational age, and birth
weight to identify preterm births and low birth weight. 

Blood Samples

Maternal blood samples were collected at baseline and prior to delivery. At delivery, cord blood samples
were obtained from newborns. In the absence of cord blood samples, blood samples were collected from
newborns. The blood samples were used to assess serum calcium, phosphorus, alkaline phosphatase
and vitamin D levels. The samples were transported to the Nutrition Research Laboratory (NRL) at AKU
for analysis. Quality control of collected samples was monitored through the National Institute of
Standards and Technology Standard Reference Materials. An Electrochemiluminescence Immunoassay
(ECLIA) was used to measure the serum vitamin D levels.

Data Management & Statistical Analysis

Data was entered using databases and entry screens developed on Microsoft FoxPro. All data was
double entered for accuracy and quality control. Data was analyzed using SPSS version 15. Descriptive
statistics were reported through means and standard deviation for continuous variables and frequency
tables for categorical variables. Means between groups were compared through an Analysis of Variance
(ANOVA) test for continuous variables, and a Pearson’s Chi Squared Test was conducted to establish the
differences between treatment groups for categorical variables. A Fisher’s Exact Test was conducted for
evaluating differences between with low expected frequencies (VanPool & Leonard, 2011). An ANOVA test
was also conducted to compare the differences in mean serum vitamin D levels between baseline and
endline between treatment groups. Signi�cance between groups was considered with p<0.05.

Ethical Approval



Page 7/21

Ethical approval for the study was obtained from the Aga Khan University Ethical Review Committee. All
participants were required to give informed written consent to participate in the study. Consent form was
translated into local languages for better understanding. The study was registered at NIH ClinicalTrial.gov
NCT02215213.

Results
Baseline characteristics

A total of 350 women were enrolled in the study and randomly assigned to a treatment group, with 120
women in group A (4000 IU), 115 women in group B (2000 IU) and 115 women in group C (400 IU) (Figure
1). Two hundred and �fty-seven (73.4%) women completed the study. There were 17 miscarriages, two
still-births and two early neonatal deaths in our study, so 253 neonates were assessed.

Socioeconomic characteristics were similar between treatment groups for maternal age, maternal
education and occupation status, husband’s education and occupation status, gestational age and
anthropometric measurements (Table 1). The mean age among participants was 26.03±4.3 years, and
nearly 47% had attained secondary schooling or above. The average monthly income of husbands was
PKR 20,446±12,353 (USD 128±77) across groups. Anthropometry at baseline showed a mean BMI of
29.4±5.9 and gestational age at enrolment was 13.3±4.4 weeks. There were no signi�cantly different
observations across the groups at baseline.

Our data revealed that most households (93.1%) received an adequate amount of sunlight, and a majority
(96.3%) of women wore a veil or burqa when outside their houses, likely due to religious and cultural
norms (Table 1). Food groups consumed by women 24-hours prior to their visit had a mean±SD of
3.74±1.09. Five or more food groups were only consumed by 75 (22.3%) women. 

Maternal and neonatal biochemical markers

At baseline, mean biochemical markers did not differ across groups, except for phosphorus which was
higher in the control group (p=0.014). Vitamin D de�ciency (<20 ng/mL) was present in 336 (97.4%)
women at baseline (Table 2). At endline, women in group A who received 4,000 IU/day had the lowest
vitamin D de�ciency (75.9%) compared to those in group B (84.9%) and the control group (90.2%,
p=0.006). Vitamin D de�ciency was signi�cantly lower among newborns in Group A (64.9%) and Group B
(73.7%) compared to the control group (91.8%) (p=0.001) (Table 2). Moreover, maternal 25OHD was
higher in group A compared to group B and group C respectively (14.0 ± 9.6 ng/dL vs. 11.9 ± 7.7 ng/dL
vs. 9.8± 7.2 (p = .002)) at delivery, and neonatal vitamin D concentrations at birth were higher in groups A
and B compared to group C (group A: 17.4 ± 13.8 ng/dL and  group B: 14.5 ± 11.5 ng/dL vs. group C: 10.2
± 7.1 (p = .006)) (Figure 2, Table 2). Supplementation of 4000 IU/day showed a substantial improvement
on blood concentrations of vitamin D between baseline and endline, which was not seen among other
groups (Figure 2). There were no signi�cant differences reported between groups for other biochemical
de�ciencies. However, our study identi�ed a marginally higher calcium de�ciency among women across
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all groups right before delivery compared to baseline levels. We observed no serious adverse events
among participants in our study.

Pregnancy and birth outcomes

Our study reported a total of four (1.6%) cases of pre-eclampsia with one each in group A and B, and two
in group C; and 11 (4.3%) cases of gestational diabetes with three (3.3%) in group A, six (7.0%) in group B
and two (2.2%) in group C (Table 3). Pregnancy outcomes did not signi�cantly differ across groups. With
regards to birth outcomes, there were a total of 74 (29.2%) preterm births in our study, with 23 (29.1%) in
group A, 20 (23.5%) in group B and 31 (34.8%) in group C. There were also 48 (19%) occurrences of low
birth weight babies, with 14 (17.7%) in group A, 19 (22.4%) in group B and 14 (16.9%) in group C. We also
observed two (0.7%) still births in our study, both in the control group (Table 3). None of the birth
outcomes were signi�cantly different across groups.

Vitamin D exposure

We further evaluated the overall compliance to vitamin D supplements among our study participants.
Overall, 309 (90%) participants were compliant to supplementation with slight differences between
groups (group A: 107 (89.2%), group B: 98 (86%) and group C (94.6%)). However, differences in
compliance were not signi�cant across groups. Moreover, we saw slightly improved dietary patterns
among women, with an average consumption of 3.91±1.22 food groups, and 75 (30.7%) women
consuming �ve or more food groups within 24-hours of their visit (Table 3).

Discussion
Vitamin D de�ciency has become a widespread global health issue, particularly among pregnant women
in South Asian and Middle Eastern populations (Akhtar, 2016; Bassil, Rahme, Hoteit, & Fuleihan, 2013;
Lowe & Bhojani, 2017). To the best of our knowledge, this is the �rst randomized, controlled, dose-
comparison trial of vitamin D supplementation among pregnant women who experience
hypovitaminosis, and its impact on maternal and neonatal outcomes in Pakistan.

In our study, we found a vast majority of pregnant women (96.3%) were de�cient in vitamin D at
enrolment. The prevalence of vitamin D de�ciency observed is alarming and the �ndings in our study are
similar to other studies conducted in Karachi, Pakistan, which reported de�ciency in over 90% females
(Anwar et al., 2016; A. Khan et al., 2013). Another cross-sectional study found vitamin D de�ciency
among only 46% of women in labour in Karachi (Karim, Nusrat, & Aziz, 2011). However, the same study
also reported that 88% of newborns were de�cient in vitamin D, which aligns with our �ndings for
newborns in our control group (Karim et al., 2011). Studies which have explored vitamin D de�ciency
among women of reproductive age have shown that hypovitaminosis is more prevalent in pregnant
women than in non-pregnant women, making the need for supplementation greater among pregnant
women. The recent National Nutrition Survey in Pakistan (2018) also showed a de�ciency of vitamin D
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among women of reproductive age at 79.7%, with a higher prevalence in urban areas (Government of
Pakistan & UNICEF, 2019).

The recommended dose of vitamin D supplementation required during pregnancy remains debatable
(Mulligan, Felton, Riek, & Bernal-Mizrachi, 2010). Our study observed safety and effectiveness of vitamin
D supplementation of 2000 IU/day in decreasing vitamin D de�ciency, similar to a study conducted in
India (Mir et al., 2016). However, we also observed that supplementing 2000 IU/day was not enough to
signi�cantly reduce vitamin D de�ciency in our study population. Our study showed the greatest
improvement in serum vitamin D level among mothers in the 4000 IU group and their newborns as
compared to other groups. As per our knowledge, only a few studies have observed health outcomes with
4000 IU/day of supplementation (Dawodu et al., 2013; B. W. Hollis et al., 2011; Hossain et al., 2014; F. R.
Khan et al., 2016; Roth et al., 2018; Carol L. Wagner et al., 2013). All studies reported safety and
effectiveness of supplementing women with 4000 IU/day of vitamin D in improving serum vitamin D
levels in pregnant women and newborns compared to control groups or groups with lower dosage of
vitamin D supplementation. Moreover, no study reported a signi�cant increase of higher adverse events
with higher supplementation. Our �ndings support previous studies mentioned above, which have proven
that 4000IU/day of vitamin D supplementation is safe and effective in reducing vitamin D de�ciency in
pregnant women and newborns and has the most impact compared to supplementing 2000 IU/day or the
recommended 400 IU/day

The relationship between Vitamin D de�ciency and GDM has been described frequently in literature
(Zhang et al., 2008) Similar to a study conducted in neighbouring countries, our study also found an
insigni�cant effect of vitamin D supplementation on GDM (Asemi, Samimi, Tabassi, Shakeri, &
Esmaillzadeh, 2013; Sablok et al., 2015; Tehrani, Mostajeran, & Banihashemi, 2017). The same effect of
vitamin D was seen on incidence of pre-eclampsia, where although groups receiving a higher dose of
vitamin D presented fewer cases of pre-eclampsia, the overall occurrence of pre-eclampsia and the
difference between groups was not signi�cant (Asemi et al., 2013; Naghshineh & Sheikhaliyan, 2016;
Sablok et al., 2015; Sasan, Zandvakili, Sou�zadeh, & Baybordi, 2017).

Our study failed to �nd any difference in the occurrence of preterm birth among women who received the
highest supplementation of vitamin D. Meta-analyses among systematic reviews have shown con�icting
results for this outcome. A meta-analysis of three trials found a lower risk of preterm birth among women
who received vitamin D supplementation, whereas another meta-analysis of thirteen trials and one of
seven trials found no effect, which aligned with our study �ndings (De-Regil et al., 2016; C. Palacios et al.,
2019; Roth et al., 2017). Moreover, a meta-analysis of only observational studies found that the presence
of vitamin D de�ciency was associated with a higher risk of preterm birth in pregnant women (Qin, Lu,
Yang, Xu, & Luo, 2016). Compared to the limited research available, our study results indicate that
supplementation does not protect against the occurrence of preterm birth. For the occurrence of low birth
weight, our results also show no difference in its prevalence among neonates whose mothers received
vitamin D supplementation, which was seen in a meta-analyses of seven studies (Roth et al., 2017).
However, another meta-analyses of �ve studies found lower odds of low birth weight in newborns whose
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mothers took vitamin D supplementation during pregnancy (C. Palacios et al., 2019). Most meta-analyses
conducted on randomized trials of vitamin D supplementation have shown uncertain impacts of
supplementation on maternal and neonatal outcomes. This could be attributed to methodological
heterogeneity among studies and differences in vitamin D dosages across randomized, controlled trials.
Although meta-analyses give weightage to studies according to their sample size, it is equally important
to identify the association between serum 25OH(D) levels, vitamin D de�ciency and adverse outcomes.
Despite the debate over the impact of vitamin D supplementation, our study supports earlier �ndings
where administering a supplementation of 4000 IU/day did not result in congenital abnormalities, serious
adverse events or adverse maternal and neonatal outcomes (Bi et al., 2018; Vieth, Chan, & MacFarlane,
2001).

Despite adequate exposure to sunlight in households and time spent under the sun, we found that
vitamin D de�ciency was still high among women enrolled in our study. This could be attributable to their
dressing and their diet, although food sources have very little vitamin D content. Almost all women in our
study wore a veil/burqa when outside their house, which has been associated with low absorption of
sunlight and therefore, low vitamin D status in several studies conducted in Islamic countries (Alagöl et
al., 2000; Mishal, 2001; Moeness Moustafa, 2012; Prentice, Schoenmakers, Jones, Jarjou, & Goldberg,
2009). Moreover, food consumption for sources that provide vitamin D and calcium among women were
inadequate with only 20-30% women consuming atleast �ve essential food groups. Another point to note
is that although many countries fortify milk and milk products with vitamin D, milk in Pakistan is mostly
unpackaged and untreated with forti�ed minerals. Therefore, dietary practices in Pakistan do not provide
su�cient vitamin D, which also results in calcium de�ciency among women, as seen in our study.

Our study had some limitations. First, we were unable to capture thorough neonatal anthropometric
measures and assess the impact of vitamin D supplementation on neonatal anthropometry. Second, our
recommendations and results that generate from this study may not be generalizable to a global
population due to the severity of vitamin D de�ciency in Pakistan compared to the rest of the world. In
order to attain normal 25OH(D) levels from baseline likely required a higher dosage of supplementation
compared to what is required among other populations (Hossain et al., 2014). Third, our results did not
produce signi�cant differences for pregnancy and birth outcomes across different intervention groups.
This is possibly due to our underpowered sample size towards the end of the study. Although we recruited
more participants than needed, about a quarter of them did not complete the study.

In conclusion, the evidence presented in our study indicates an association between vitamin D
supplementation  of 4000 IU/day and adequate maternal and neonatal serum vitamin D levels in
gravidae who are de�cient in vitamin D. Supplementation also attenuated the occurrence of low
birthweight and preterm birth. However, due to a high prevalence of calcium de�ciency, more robust and
comprehensive trials are required from different parts of the country to identify an overall impact of
vitamin D supplementation while also ensuring adequate calcium levels among women. Moreover,
studies would bene�t by following up with newborns of mothers enrolled in supplementation trials to
identify long-term outcomes and bene�ts of supplementation.
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 Group A
(n=120)

Group B
(n=115)

Group C
(n=115)

Total (n=350) p-valuea

Age, yearsb 25.58±3.9 25.96±4.5 26.57±4.3 26.03±4.3 0.207
Gestational Age (weeks)b 13.2±4.4 13.4±4.6 13.3±4.3 13.3±4.4 0.954
Respondent’s educationc          
  Primary 19 (15.8) 17 (14.8) 15 (13) 51 (14.6) 0.917
  Middle 43 (35.8) 47 (40.9) 45 (39.1) 135 (38.6)  
  Matric and above 58 (48.3) 51 (44.3) 55 (47.8) 164 (46.9)  
Husband’s Educationc          
  Primary 7 (5.8) 12 (10.4) 14 (12.2) 33 (9.4) 0.141
  Middle 39 (32.5) 48 (41.7) 36 (31.3) 123 (35.1)  
  Matric and above 74 (61.7) 55 (47.8) 65 (56.5) 194 (55.4)  
Husband’s Occupationc       
  Business 32 (26.7) 37 (32.2) 37 (32.2) 106 (30.3) 0.298
  Labourer  15 (12.5) 18 (15.7) 19 (16.5) 52 (14.9)  
  Govt/Private  69 (57.5) 53 (46.1) 49 (42.6) 171 (48.9)  
  Other 4 (3.3) 7 (6.1) 10 (8.7) 21 (6)  
Husband's Average Income (PKR)b 21483±12910 19430±11608 20379±12497 20446±12352 0.445
Anthropometryb          
  Height (cm) 152.1±9.8 152.5±10.2 154.2±6.1 152.9±8.9 0.170
  Weight (kg) 66.36±12.55 70.75±15.68 70.09±13.17 69.16±13.9 0.095
  BMI (kg/m2) 28.3±5.4 30.1±6.7 29.7±5.4 29.4±5.9 0.133
Exposure to Vitamin Dc          
Household receives adequate amount of sunlight 111 (92.5) 109 (94.8) 106 (92.2) 326 (93.1) 0.694
Usually wear veil/burqa when outside house 117 (97.5) 112 (97.4) 108 (93.9) 337 (96.3) 0.259
Maternal Dietd n=117 n=115 n=104 n=336  
Food groups       consumedb 3.83±1.13 3.69±1.12 3.69±1.01 3.74±1.09 0.557
MDD-Wce 29 (24.8) 25 (21.7) 20 (19.2) 75 (22.3) 0.607

 

Group A = 4000 IU/day, Group B = 2000 IU/day, Group C = 400 IU/day (control group)
a P‐values for continuous variables using ANOVA; categorical variable P‐values are from chi‐squared tests
bData presented as mean ± standard deviation
c Data presented as n (%)
d Food Groups: 1) Grains, white roots, tubers, plantains; 2) Pulses; 3) Nuts and seeds; 4) Dairy; 5) Meat, poultry, fish; 6) Eggs; 7)

Dark green leafy vegetables; 8) Vitamin A rich fruits and vegetables; 9) Other vegetables; 10) Other fruits
e MDD-W is a dichotomous indicator of whether women have consumed at least five out of ten defined food groups the previous day

or night

PKR = Pakistani Rupees

Table 2 – Maternal and neonatal biochemical markersa and maternal and neonatal biochemical deficienciesb. Maternal markers

and deficiencies are assessed at both baseline and endline. Neonatal markers and deficiencies are assessed at birth.



Page 18/21

Biochemical
markersa

Group A
(Baseline: n=118; Final:
n=79; Neonatal: n=71)

Group B (Baseline: n=115; Final:
n=86; Neonatal: n=76) 

Group C (Baseline: n=112; Final:
n=92; Neonatal: n=85)

p-
valuec

Vitamin D
(ng/mL)

       

Baseline 8.4±5.5 9.8±10.2 7.9±6.1 0.162
Final  14.0±9.6 11.9±7.7 9.8±7.2 0.002*
Neonatal 17.4±13.8 14.5±11.5 10.2±7.1 0.006*
Calcium
(mg/dL)

       

Baseline 9.5±2.3 9.1±2.4 9.3±2.4 0.470
Final 8±2.3 7.8±2.9 8.2±2.4 0.675
Neonatal 8.3±3.1 8.3±3.3 8.1±3 0.908
Phosphorus
(mg/dL)

       

Baseline 12.1±7.1 12.2±5.7 14.3±6.4 0.014*
Final 16.6±7.6 16.9±8 16.9±7.3 0.953
Neonatal 23.1±9.7 25.6±9.2 22.7±8.5 0.106
Alkaline
Phosphate
(U/L)

       

Baseline 77.5±25.7 76.3±39 76.4±31.2 0.955
Final 158.3±71 196.4±206.2 194.7±164.1 0.223
Neonatal 248.9±452.3 320.5±691.4 211.2±196.6 0.350
Biochemical
deficienciesb

       

Vitamin D
deficiency 
(<20 ng/mL)

       

Baseline 116 (97.5) 109 (94.8) 107 (95.5) 0.553
Final 60 (75.9) 73 (84.9) 83 (90.2) 0.006*
Neonatal 48 (64.9) 56 (73.7) 78 (91.8) 0.001*
Calcium
Deficiency
(<8.6 mg/dL)

       

Baseline 37 (31.4) 41 (35.7) 33 (29.5) 0.670
Final 45 (56.9) 46 (53.5) 54 (58.7) 0.710
Neonatal 39 (54.9) 37 (48.7) 47 (55.3) 0.362

Group A = 4000 IU/day, Group B = 2000 IU/day, Group C = 400 IU/day (control group)
a Data presented as mean ± standard deviation. 
b Data presented as n (%). 
c P‐values for continuous variables using ANOVA; categorical variable P‐values are from chi-squared tests

* Significant difference between groups 

 

 

Table 3 – Pregnancy and birth outcomes and exposure to Vitamin D (compliance to supplementation and food frequency) among

participating women
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Clinical Outcomesb Group A (n=79) Group B (n=85) Group C (n=89) Total (n=253) p-valuea

Pre-term birthd 23 (29.1) 20 (23.5) 31 (34.8) 74 (29.2) 0.284
Low birth weighte 14 (17.7) 19 (22.4) 15 (16.9) 48 (19.0) 0.609
Pre-eclampsiaf 1 (1.3) 1 (1.2) 2 (2.2) 4 (1.6) 0.99
Gestational diabetesg 3 (3.3) 6 (7.0) 2 (2.2) 11 (4.3) 0.283
Still Birth 0 (0) 0 (0) 2 (2.2) 2 (0.8) ---
Vitamin D exposure          
Compliance to supplementch 107 (89.2) 98 (86.0) 104 (94.6) 309 (90) 0.054
Maternal Dieti n=76 n=86 n=81 n=243  
Food groups       consumedb 4.08±1.27 3.74±1.25 3.93±1.11 3.91±1.22 0.213
MDD-Wcj 29 (38.2) 21 (24.4) 25 (30.9) 75 (30.7) 0.168

a P‐values for continuous variables using ANOVA; categorical variable P‐values: Fisher exact test if expected value < 5; Chi-square

test if expected value ≥5
b Data presented as mean ± standard deviation. 
c Data presented as n (%). 
d Preterm birth identified if birth occurs before 37 weeks gestation
e Low birth weight defined for neonatal weight ≤2500g at birth
f Pre-eclampsia identified through blood pressure > 140/90 mm/Hg and proteinuria (≥300mg)
g Diagnosed through glucose intolerance during an oral glucose tolerance test
h Participant numbers are the following: Group A=117, Group B=115, Group C=104
i Food Groups: 1) Grains, white roots, tubers, plantains; 2) Pulses; 3) Nuts and seeds; 4) Dairy; 5) Meat, poultry, fish; 6) Eggs; 7)

Dark green leafy vegetables; 8) Vitamin A rich fruits and vegetables; 9) Other vegetables; 10) Other fruits
j MDD-W is a dichotomous indicator of whether women have consumed at least five out of ten defined food groups the previous day

or night

Figures
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Figure 1

CONSORT diagram of participant enrollment, allocation, follow-up visits and analysis
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Figure 2

Blood Vitamin D (ng/mL) concentrations in women and their newborns across intervention groups.
Vitamin D concentrations between baseline and endline in pregnant women (top), at endline in women
and in their newborns (bottom). Different letters indicate signi�cant difference between groups at endline.


