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Abstract: During pregnancy, vitamin D supplementation may be a feasible strategy to help
prevent low birthweight (LBW) and small for gestational age (SGA) births. However, evidence
from randomized controlled trials (RCTs) is inconclusive, probably due to heterogeneity in study
design and type of intervention. A systematic literature search in the PubMed-Medline, EMBASE,
and Cochrane Central Register of Controlled Trials databases was carried out to evaluate the effects of
oral vitamin D supplementation during pregnancy on birthweight, birth length, head circumference,
LBW, and SGA. The fixed-effects or random-effects models were used to calculate mean difference
(MD), risk ratio (RR), and 95% Confidence Interval (CI). On a total of 13 RCTs, maternal vitamin D
supplementation had a positive effect on birthweight (12 RCTs; MD =103.17 g, 95% CI 62.29-144.04 g),
length (6 RCTs; MD = 0.22 cm, 95% CI 0.11-0.33 cm), and head circumference (6 RCTs; MD:0.19 cm,
95% CI 0.13-0.24 cm). In line with these findings, we also demonstrated that maternal vitamin D
supplementation reduced the risk of LBW (3 RCTs; RR = 0.40, 95% CI 0.22-0.74) and SGA (5 RCTS;
RR = 0.69, 95% CI 0.51-0.92). The present systematic review and meta-analysis confirmed the
well-established effect of maternal vitamin D supplementation on birth size. However, further
research is required to better define risks and benefits associated with such interventions and the
potential implications for public health.

Keywords: nutrition; diet; vitamin D; birthweight; birth length; head circumference; gestational age;
pregnancy outcomes

1. Introduction

Nutrition in women of childbearing age has a critical role on their health as well as on infant
outcomes. A balanced supply of maternal nutrients, before conception, during pregnancy, and during
breastfeeding, promotes optimal growth and development both in fetus and offspring [1,2]. During
pregnancy, the fetus is entirely dependent on maternal sources of vitamin D, which also regulates
placental function [3]. Several observational studies have shown that pregnancy is a crucial period
in which vitamin D deficiency may affect mother and neonatal outcomes, thereby influencing the
risk of recurrent pregnancy losses, preeclampsia, gestational diabetes, maternal infections, preterm
birth, low birthweight (LBW), small for gestational age (SGA), and poor offspring health [4]. Thus,
hypovitaminosis D in pregnancy requires an adequate treatment, and vitamin D supplementation
represents a valid strategy for preventing and controlling vitamin D deficiency [5]. The Food and
Nutrition Board at the Institute of Medicine of the National Academies suggests that a proper
integration of vitamin D in pregnancy and in lactation is 15 micrograms (600 IU) per day [6]. Recently,
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many randomized controlled trials (RCTs) have been conducted to evaluate the benefits of vitamin D
supplementation in pregnancy. Although vitamin D supplementation may increase serum 25(OH)D
levels in both mothers and infants [7], it remains unclear whether vitamin D supplementation is
protective for LBW, SGA or intrauterine growth restriction, and generally for long-term offspring
health. To our knowledge, the meta-analysis by Thorne-Lyman et al. was the first to summarize
the effect of vitamin D on birthweight and LBW incidence [8]. Pooled estimates of observational
studies showed a positive relationship between vitamin D status and birthweight [8]. However,
pooled analysis of interventional studies suggested, on one hand, no significant effect on mean
birthweight, but on the other hand a lower risk of LBW newborns in women supplemented with
vitamin D [8]. A recent systematic review by Harvey et al. [4] partially confirmed these results:
out of seven studies, three trials showed that maternal vitamin D supplementation significantly
increased birthweight in infants [4]. Although this evidence was also corroborated by Perez-Lopez
et al. in a meta-analysis of 8 RCTs, the authors did not demonstrate the influence on the risk of LBW
and SGA (3 RCTs, respectively) [5]. In contrast, four trials included in the most recent systematic
review by De-Regil et al. reported that maternal vitamin D supplementation significantly reduced
the risk of LBW [7]. However, no difference was reported in the mean birthweight of infants [7].
Therefore, evidence is currently inconclusive to drawn convincing assumptions on the usefulness of
maternal vitamin D supplementation against LBW and SGA births. Moreover, previous mentioned
reviews [4,5,7,8] showed heterogeneity in dose, duration and timing of supplementation, and study
design (i.e., observational studies, quasi-RCTs, and RCTs). Herein, we provide a systematic review and
a meta-analysis of data from RCTs, to evaluate the effects of oral vitamin D supplementation during
pregnancy on fetal growth as indicated by neonatal anthropometric measures and incidence of LBW
and SGA births. Moreover, we also performed subgroup analyses to demonstrate whether alternative
formulations and regimens had different effect on birth size.

2. Materials and Methods

2.1. Literature Search

A systematic literature search in the PubMed-Medline, EMBASE, and Cochrane Central Register
of Controlled Trials databases was carried out for RCTs investigating the role of oral vitamin D
supplementation during pregnancy on neonatal anthropometric measures and incidence of LBW
and SGA. Literature search was conducted independently by two authors (A.M. and 1.B.) using the
following keywords: (vitamin d OR ergocalciferol OR cholecalciferol OR calcifediol OR vitamin d
supplementation OR 25-hydroxyvitamin D) AND (birth size OR birth weight OR birth length OR
head circumference OR low birth weight OR SGA OR neonatal anthropometric measures). Full details
of literature search terms are included in Supplementary Materials. The databases were searched
from inception to May 2017 without language restriction; abstracts and unpublished studies were
not included. Moreover, the reference lists from selected articles, including relevant review papers,
were searched to identify all relevant studies. The preferred reporting items for systematic reviews
and meta-analysis (PRISMA) guidelines were followed [9].

2.2. Inclusion and Exclusion Criteria

Studies were selected only if they satisfied the following criteria: (1) RCTs, with randomization
at either individual or cluster level, (2) of pregnant women of any gestational age (3) without
pregnancy complications, (4) that assessed the effect of oral vitamin D supplementation, irrespective
of dose, duration or time of commencement, on birthweight, birth length, head circumference,
and incidence of LBW, and/or SGA. Eligible intervention groups included daily or single-intermitted
vitamin D supplementation (vitamin D2 or D3), alone or in combination with calcium and/or other
micronutrients. For studies with more than two intervention groups, we combined disaggregated data
into subgroup category to create a single pair-wise group comparison [10]. Control groups included
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no treatment or placebo. Exclusion criteria were as follows: (1) systematic reviews or meta-analyses;
(2) observational studies, cross-over trials, or quasi-RCTs; (3) no appropriate treatment group (pregnant
women with pre-existing pregnancy complications); (4) no appropriate control group (i.e., vitamin D
supplementation); (5) not available data on birth size and/or incidence of LBW and SGA.

2.3. Study Selection and Data Extraction

Two of the authors (A.M. and I.B.) independently assessed for inclusion all the references identified
through the literature search. From all the eligible studies, two authors (A.M. and L.B.) independently
extracted the following information in a standard format: first author’s last name, year of publication,
country, and latitude where the study was performed, season when the study was performed, number
of participants, age and information about vitamin D intervention (i.e., Formulation, regimen, method
of administration, and treatment duration). Primary outcomes were birthweight (g), birth length
(cm), head circumference (cm), low birthweight (LBW; <2500 g) and SGA, defined as birthweight
below the 10th percentile of a reference distribution of weights specific for sex and gestational age.
Other outcomes were: maternal serum 25-OHD levels at baseline and at the end of the intervention,
cord 25-OHD levels, gestational age, caesarean delivery, pregnancy complications (i.e., preterm birth,
gestational diabetes, pre-eclampsia), and Apgar score. Cross-checked data were entered into Review
Manager software (RevMan, version 5.3, Copenhagen, Denmark)) by A.M., and checked for accuracy
by M.B. During study selection and data extraction, any disagreements between A.M. and M.B. were
resolved by discussion and consensus with a third Author (A.A.).

2.4. Risk-of-Bias and Quality Assessment

The risk of bias from each eligible RCT was evaluated using the Cochrane’s Collaboration
tool for assessing risk of bias in randomized trials [10]. This tool includes the following items,
which were assigned as either ‘low risk of bias’, “unclear risk of bias” or ‘high risk of bias”: random
sequence generation (selection bias); concealment of the allocation sequence (selection bias); blinding
of participants and personnel (performance bias); blinding of outcome assessment (detection bias);
incomplete outcome data (attrition bias); selective outcome reporting (reporting bias); and other
biases [8]. Risk of bias was assessed by two of the authors (A.M. and M.B.) using the Review Manager
software (RevMan, version 5.3), and presented as a risk-of-bias summary figure. Disagreements
were resolved by consensus or discussion with a third Author (A.A.). For each outcome, two of the
authors (A.M. and M.B.) independently assessed the quality of the evidence using the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) approach [11]. The GRADE
system considers eight criteria for assessing the quality of evidence: risk of bias, inconsistency,
indirectness, imprecision, publication bias, and other (large magnitude of effect, dose response, and
no plausible confounding). Based on these criteria, the quality of evidence was classified as high,
moderate, low, or very low. Disagreements were resolved by consensus or discussion with a third
Author (A.A)).

2.5. Statistical Analysis

Data on dichotomous outcomes were combined and effect sizes were presented as RR with 95%
confidence intervals (CIs). For continuous outcomes, we estimated mean differences (MDs) with
95% CI. Forest plots were generated to illustrate the study-specific effect sizes along with a 95% CI.
The significance of pooled effect size was determined using the Z test, and p < 0.05 was considered
significant. Heterogeneity across studies was assessed using the Q-test based on the x2 statistic
(p < 0.1 was considered statistically significant). To quantify heterogeneity, the 12 value was calculated
and interpreted as follows: an 12 value of 0% indicates “no heterogeneity,” whereas 25% is “low,”
50% is “moderate,” and 75% is “high” heterogeneity. We considered heterogeneity as significant
if p < 0.1 for Q-test based on the x2 statistic and IZ was greater than 30% [12]. To calculate pooled
effect estimates, the fixed-effects model (Mantel-Haenszel method) was used in absence of significant
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heterogeneity, otherwise the random-effects model (Der Simonian-Laird method). In the random
effect model, the between-study variance was estimated using the tau-squared (12) statistic [10].
The leave-one-out sensitivity analysis was performed by the omission of a single study at a time,
to assess whether a particular omission could affect effect sizes and heterogeneity across studies.
Sensitivity analysis by the omission of studies with daily vitamin D dose of 200 IU [13,14] was also
performed to assess whether they affected the pooled effect sizes. We also performed subgroup
analyses by formulation (vitamin D alone vs. vitamin D in combination with calcium and/or other
micronutrients) and supplementation regimen (daily vs. single/intermitted high dose). Since vitamin
D might have a dose-dependent effect on birth sizes, we performed a meta-regression using the
Comprehensive Meta-analysis software (Version 2.0; Biostat Inc., Englewood, NJ, USA). Particularly,
meta-regression analyses were performed on those outcomes with at least three studies evaluating daily
vitamin D supplementation alone [15]. Heterogeneity in formulation, dose, duration, and timing of
supplementation, did not allow us to perform meta-regression of studies with single supplementation
and/or combination of supplements. In those outcomes with at least two group comparisons for
subgroup, we assessed subgroup differences by the x2 statistic, and the interaction test I value. In those
outcomes with 10 or more group comparisons, the presence of publication bias was investigated
by visually assessment of funnel plot asymmetry, followed by Begg’s test and Egger’s regression
asymmetry test [16,17]. Except for the Q-test, p < 0.05 was considered statistically significant, and
all tests were 2-sided. All statistical analyses were performed using the Review Manager software
(RevMan, version 5.3).

3. Results

3.1. Study Selection

The detailed steps of the study selection are given as a PRISMA flow diagram in Figure 1.
A total of 669 abstracts were retrieved from the databases; 542 were excluded after reading titles
and/or abstracts, and 127 articles were subjected to a full-text review. From these, 114 studies
were excluded according to selection criteria, whereas 13 RCTs, published between 1980 and 2016,
were included in the meta-analysis [13,14,18-28]. However, since four articles showed more eligible
intervention groups [19-21,28], the meta-analysis reported data on 17 group comparisons between
eligible intervention (1 = 17) and control groups (1 = 13) (Table 1).
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Figure 1. PRISMA flow diagram of study selection.

Table 1. Characteristics of randomized controlled trials included in the meta-analysis.

50f16

First Author, Treatment (Vitamin CONTROL Size of Treatn}ent
Year Country D Dosage) GROUP Intervention/ Duration Outcomes
Control Groups (Week)
Asemi, 2016 Vit D3 + Ca (200 Birthweight, birth length,
[13] Tran 1U/day) Placebo 21/2 9 head circumference
X Birthweight, birth length,
Brooke, 1980 UK Vit D2 (1000 Placebo 59/67 8-12 head circumference, LBW,
[18] 1U/day)
SGA
Vit D3 + . .
Brough, 2010 UK micronutrients (200 Placebo 88/61 NA . Birthweight, head
[14] circumference, LBW, SGA
1U/day)
. Vit D + Ca (1000
Charandabi, D+ Ca ( 40/42 Birthweight, birth length,
2015 [19] Iran 1U/day) Placebo 9 head o ‘
Vit D (1000 IU/day) 42/42 cad creumterence
Goldring, UK VitD2 (8001U/day) - No 56/50 12 Birthweight
2013 [20] Vit D3 (single dose  intervention
of 200000 IU)
Vit D3 +
micronutrients 122/111 . .
Hollis, 2011 USA (1600 IU/day) Placebo 24-28 Birthweight
21] Vit D3 +
micronutrients 117/111

(3600 IU/day)
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Table 1. Cont.

First Author, Treatment (Vitamin CONTROL Size of Treatnfent
Year Country D Dosage) GROUP Intervention/ Duration Outcomes
Control Groups (Week)
Hossain, . Vit D3 (4000 No Birthweight, birth length,
2014 [22] Pakistan TU/day) intervention 86/89 16 head circumference, SGA
Marya, 1988 . Vit D3 (two doses of No . . .
23] India 600000 TU) intervention 100/100 12 Birthweight, birth length
Naghshineh, X No . .
2016 [24] Iran Vit D (600 IU/day) intervention 68/70 20 Birthweight
Roth, 2013 Vit D3 (35,000 Birthweight, birth length,
[25] Bangladesh 1U/week) Placebo 80780 12 head circumference
Sabet, 2012 Vit D3 (100000 . . .
[26] Iran 1U/mol) Placebo 25/25 12 Birthweight, birth length
Vit D3
(single-intermitted
Sablok, 2015 India dose depending . No . 108/57 16 Birthweight, SGA
[27] intervention
upon the serum
250HD levels)
Vit D2 (800 IU/d) No 60/59
Yu, 2009 [28] UK Vit D2 (single dose  intervention 60/59 13 LBW, SGA
of 200000 IU)

Abbreviations: Ca, Calcium; IU, International Unit; 25-OHD, 25-hydroxyvitamin D; LBW, low birth weight; SGA,
small for gestational age; NA, not available.

3.2. Systematic Review

A total of 8 studies were from Asian countries, 4 from European countries, and 1 from USA.
Accordingly, the latitude of the setting was the Northern tropic in all the included studies. To avoid
confounding due to seasonal variation in sunlight exposure, 6 RCTs were carried out in different
seasons [14,18,22,24,26,27]. Otherwise, the seasons varied from winter [19] to spring-summer
period [13,20,25,28]; this information was not available for 2 RCTs [21,23]. Overall, sample sizes
ranged between 40 and 400 pregnant women, and neonatal outcomes of 2016 newborns were reported:
1184 from mothers in the intervention groups and 832 from controls. All the eligible studies were
carried out using an individual randomization. Intervention groups were characterized by vitamin
D2 (n = 4) or D3 (n = 10) supplementation alone (n = 12) or in combination with calcium (n = 2) or
other micronutrients (n = 3). Two trials did not report the vitamin D form used in 3 intervention
groups [19,24]. The duration of vitamin D intervention was 6-28 weeks of gestation. Women
in 11 intervention groups were supplemented with daily dose of vitamin D, whereas subjects in
the remaining 6 intervention groups were supplemented with single-intermitted high dose. The
daily dose ranged from 200 IU to 4000 IU; among single-intermitted interventions, the high dose
varied from 35000 IU to 600000 IU. Control groups included patients who received placebo (1 = 8)
or no treatment (1 = 5). In those studies evaluating the effect of vitamin D supplementation on
25-hydroxyvitamin D levels, the intervention significantly increased 25-OHD concentration in both
mothers [13,14,18,21-23,25-28] and infants [21,22,25-28]. Although 3 RCTs suggested that women
who received vitamin D supplementation during pregnancy had a lower risk of preterm birth than
controls [13,24,27], in other trials the intervention did not affect gestational age [13,14,20-22,24] and
preterm birth risk [14,19,22].

3.3. Meta-Analysis

3.3.1. Birthweight

The effect of vitamin D supplementation on birthweight was assessed by 12 RCTs [13,14,18-27] and
15 group comparisons. Compared to controls, birthweight was significantly higher in the intervention
groups (MD: 103.17 g, 95% CI 62.29-144.04 g; p < 0.001). Q-test and 12 statistics showed no significant
heterogeneity across studies (p > 0.1; 12 = 7.0%). Particularly, vitamin D supplementation alone,
but not in combination with other micronutrients, significantly increased birthweight (MD: 118.46 g,
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95% CI 70.47-166.45 g, p < 0.001; MD: 62.76 g, 95% CI —15.24-140.77 g, p = 0.520, respectively)
(Figure 2). The effect of vitamin D in combination with other micronutrients remained no significant
also after the omission of studies with daily vitamin D dose of 200 IU [13,14] (MD: 49.30 g, 95% CI
—43.52-142.11 g, p = 0.300). Particularly, meta-regression did not reveal a dose-dependent effect
of vitamin D supplementation alone on birthweight (p = 0.773). Subgroup analysis by regimen
showed that both daily and single-intermitted high dose supplementation significantly increased
birthweight (MD: 74.66 g, 95% CI 18.80-130.52 g, p < 0.001; MD: 136.02 g, 95% CI 76.05-195.98 g,
p < 0.001, respectively).

Vitamin D supplementation Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 Vitamin D
Brooke 1980 3157 4649 A8 3,034 524 67 56% 123.00[-50.39, 286.38] -
Charandahi 2015 (b} 3,225.6 4733 40 31921 3924 42 47% 3380[1585.17,222.17) e E—
Goldring 2013 (a) 3,290 467 52 3,268 585 80  3.9% 22.00[-183.92, 227.92] —_—T
Goldring 2013 (b) 3,321 525 56 3,268 585 50 3.7% 53.00 [159.60, 265.60] —
Hossain 2014 2,810 520 86 2,750 440 89  8.2%  60.00[82.95 202.94) N E—
Marya 1988 2,990 360 100 2800 370 100 16.3% 190.00([88.82, 291.18] ———
Maghshineh 2016 3,027.4 B445.7 BB 27969 6252 To 7% 23050([18.36, 442.64]
Rath 2013 2,802 543 80 2,788 378 80 F.9% 14.00[130.98 1585.98) I —
Sabet 2012 3,293 334 25 3,248 320 28 81% 45.00[136.32, 226.32) I E—
Sahlok 2015 2,600 410 108 2400 30 87 13.4%  200.00[88.39, 311.61] e —
Subtotal (95% CI) 674 630 725% 118.46 [70.47, 166.45] <

Heterogeneity: Chi®=10.30, df=9{P = 0.33); F=13%
Testfor overall effect: Z= 4 .84 (P = 0.00001)

1.1.2 Vitamin D + micronutrients

Azemi 2016 33221 414.2 21 33024 4383 ey 2.5% 1970 [-238.22, 277.62] —

Brough 2010 3270 531 88 3141 485 61 56% 129.00 [44.38, 302.38] —

Charandabi 2015 (a) 3,150.2 3258 42 31921 3924 42 FO0% -41.90 19615, 112.35] e

Hallis 2011 &) 3,360 4848 122 3,222 679 111 6.3% 135.00[24.92, 300.92] T

Hollis 2011 () 3285 588 117 3,222 675 111 B.1%  B3.00 [-102.86, 228.86] ——

Subtotal (95% CI) 390 346 27.5%  62.76 [-15.24, 140.77] e

Heterogeneity: Chi®= 3.26, df= 4 (F = 0.52); F= 0%

Testfor overall effect £2=1.58 (F = 0.11)

Total {95% CI) 1064 976 100.0% 103.17 [62.29, 144.04] <&

Heterogeneity, Chi*=14.97, df= 14 (P=0.38); F=7% I-SDD _2550 b 2é0 SUDI

Testfor averall effect: Z=4.95 (P = 0.00001)
Testfor subaroup differences: Chi*=1.42,df=1 (P = 0.23), F=29.6%

Figure 2. Forest plot of the effect of vitamin D intervention alone or in combination with micronutrients
on birthweight (g), based on the fixed-effects model. Charandabi 2015 (a): Vit D + Ca (1000 IU/day);
Charandabi 2015 (b): Vit D (1000 IU/day); Goldring 2013 (a): Vit D2 (800 IU/day); Goldring 2013 (b):
Vit D3 (single dose of 200000 IU); Hollis 2011 (a): Vit D3 + micronutrients (1600 IU/day); Hollis 2011
(b): Vit D3 + micronutrients (3600 IU/day).

3.3.2. Birth Length

The effect of vitamin D supplementation on birth length was assessed by 7
RCTs [13,18,19,22,23,25,26] and 8 group comparisons. The Q-test and I2 statistics showed
significant heterogeneity across studies (p < 0.001; 12 = 75.2%). Based on the random effect model,
birth length was significantly higher in the intervention groups than in controls (MD: 0.50 c¢m,
95% CI 0.08-0.92 cm; p = 0.020). Moreover, we performed a leave-one-out sensitivity analysis to
investigate the sources of heterogeneity across studies. The sensitivity analysis found that the study
by Marya et al. [23] affected the heterogeneity across studies. When this study was omitted, the
between-studies heterogeneity decreased (p > 0.1; 12 = 0.0%) and birth length remained significantly
higher in the intervention groups than in controls (MD: 0.22 cm, 95% CI 0.10-0.34 cm; p < 0.001).
Meta-regression did not reveal a dose-dependent effect of vitamin D supplementation alone on
birth length (p = 0.895). Subgroup analysis by formulation showed that vitamin D supplementation
alone, but not in combination with other micronutrients, significantly increased birth length (MD:
0.22 cm, 95% CI 0.10-0.34 cm, p < 0.001; MD: 0.21 cm, 95% CI —0.49-0.92 cm, p = 0.700, respectively)
(Figure 3). Subgroup analysis by regimen showed that both daily and single-intermitted high dose
supplementation significantly increased birth length (MD: 0.20 cm, 95% CI 0.08-0.32 cm; p = 0.001;
MBD: 0.50 cm, 95% CI 0.02-0.97 cm; p = 0.041, respectively).
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Vitamin D supplementation Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1Vitamin D
Broake 1980 497 0.3 59 495 04 67 877% 0.20[0.08 032]
Charandahi 2015 (a) 50 2.2 40 484 2 42 1.6% 0.50[0.41,1.41] ]
Hossain 2014 484 276 86 488 237 89  23% 0.10[-0.66 0.86] S —
Roth 2013 482 25 80 48 2 80 27% 0.20[0.50,080) D —
Sabet 2012 50.75 0.74 25 a0 1.48 25 31%  0.7F5([0.0,1.40]
Subtotal (95% CI) 290 303 97.3% 0.22[0.10,0.34] +
Heterogeneity: Chif= 3.13, df= 4 (F = 0.54); F= 0%
Testfor overall effect Z=3.71 (P =0.0002)
1.2.2 Vitamin D + micronutrients
Azemi 2016 0.6 23 2 A06 2 i 0.8% 0.00[1.30,1.30]
Charandahi 2015 (k) 498 1.8 42 484 2 42 189% 0.30[0.53,1.13) I —
Subtotal (95% CI) 63 63  2.7% 0.21[-0.49,0.92] -
Heterogeneity: Chi#= 014, df=1 (P=0.70}, F= 0%
Testfor averall effect Z=0.58 (P = 0.55)
Total (95% CI) 353 366 100.0% 0.22[0.11,0.33] +
Heterogeneity: Chif= 3,27, df= 6 (P= 0.77); F= 0% =2 =1 D 11

Testfor overall effect: 2= 3.76 (F = 0.0002)

Testfor subaroup differences: Chi®= 0.00, df=1 (P = 0.98), F=0%

Figure 3. Forest plot of the effect of vitamin D intervention alone or in combination with micronutrients
on birth length (cm), based on the fixed-effects model. Charandabi 2015 (a): Vit D + Ca (1000 IU/day);
Charandabi 2015 (b): Vit D (1000 IU/day).

3.3.3. Head Circumference

The effect of vitamin D supplementation on head circumference was assessed by
6 RCTs [13,14,18,19,22,25] and 7 group comparisons. Compared to controls, head circumference was
significantly greater in the intervention groups (MD: 0.19 cm, 95% CI 0.13-0.24 cm; p < 0.001). Q-test
and 12 statistics showed no significant heterogeneity across studies (p > 0.1; 12 = 2.0%). Particularly,
vitamin D supplementation alone, but not in combination with other micronutrients, significantly
increased head circumference (MD: 0.19 cm, 95% CI 0.14-0.25 cm, p < 0.001; MD: —0.06 cm, 95% CI
—0.41-0.28 cm, p = 0.720, respectively; Figure 4). Meta-regression did not reveal a dose-dependent effect
of vitamin D supplementation alone on head circumference (p = 0.746). Subgroup analysis by regimen
showed that daily maternal vitamin D supplementation significantly increased head circumference
(MD: 0.19 cm, 95% CI 0.14-0.24 cm; p < 0.001). Regarding single-intermitted intervention, Roth et al.

reported no significant effect [25].

Vitamin D supplementation Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.3.1 Vitamin D
Erooke 1880 344 14 40 348 14 42 0.8% 010[F0.481, 0.71] — T
Charandahi 2015 (a) 34 1.51 86 34 1487 89 1.3% 0.00[0.46, 0.46] I —
Hossain 2014 345 01 88 343 02 BY 94.6% 0.20[0.15 0.29] .
Rath 2013 324 1.8 T3 33148 T4 1.0% -0.10[0.64, 0.44] T
Subtotal (95% CI) 258 272 97.7% 0.19[0.14, 0.25] [
Heterogeneity: Chi*=1.99 df=3 (P=057); F= 0%
Testfor overall effect: Z=7.10 (P = 0.00001
1.3.2 Vitamin D + micronutrients
Asemi 2016 344 1.3 21 3/ 14 21 0.4% -0.60[1.42 022 —
Erough 2010 348 1.3 42 348 14 42 0.8% 0.00[0.58 0.58] I E—
Charandabi 2015 (b} 334 14 a8 338 1.7 61 1.0% 010[0.42 062] I —
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Figure 4. Forest plot of the effect of vitamin D intervention alone or in combination with micronutrients
on head circumference (cm), based on the fixed-effects model. Charandabi 2015 (a): VitD + Ca
(1000 IU/day); Charandabi 2015 (b): Vit D (1000 IU/day).

3.3.4. Low Birthweight

The effect of vitamin D supplementation on incidence of LBW was assessed by 3 RCTs [14,18,28]
and 4 group comparisons. Compared to control groups, the risk of LBW newborns was lower in the
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intervention groups (RR = 0.40, 95% CI 0.22-0.74; p = 0.003) (Figure 5). Interestingly, the omission of
the study by Brough [14], showed that women supplemented with vitamin D alone had a lower risk
of LBW than controls (RR = 0.47, 95% CI 0.23-0.97; p = 0.040). In contrast, Brough et al. reported no
significant effect of vitamin D supplementation with micronutrients [14]. Q-test and 12 statistics showed
no significant heterogeneity across studies (p > 0.1; 12 = 0%). Subgroup analysis by regimen showed
that daily maternal vitamin D supplementation significantly reduced the risk of LBW (RR = 0.40,
95% C10.21-0.78; p = 0.007). Regarding single-intermitted intervention, Yu et al. reported no significant
effect [28].

Vitamin D supplementation Control 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Erooke 1980 7 59 14 67 41.7% 0.47 [0.18,1.24] —&—
Erough 2010 ] g8 B 61 25.7% 0.05[0.00,087] &—8%———
YU 20089 (&) 3 G0 5 59 16.1% 0.87 [0.13, 2.49] I E—
U 2008 () 2 G0 g 59 16.4% 0.37 [0.07, 2.00] —
Total (95% CI) 267 246 100.0%  0.36 [0.18,0.71] -
Total events 12 M
Heterogeneity; Chi*= 2.49, df= 3 (P = 0,483 F= 0% IIJ o 051 150 le

Testfor overall effect: 2= 292 (P=0.003)

Figure 5. Forest plot of the effect of vitamin D intervention on the risk of low birthweight, based on the
fixed-effects model. Yu 2009 (a): Vit D2 (800 IU/day); Yu 2009 (b): Vit D2 (single dose of 200000 IU).

3.3.5. Small for Gestational Age

The effect of vitamin D supplementation on incidence of SGA was assessed by
5 RCTs [14,18,22,27,28] and 6 group comparisons. Compared to control groups, the risk of SGA
was lower in the intervention groups (RR = 0.69, 95% CI 0.51-0.92; p = 0.018) (Figure 6). Interestingly,
the omission of the study by Brough [14], showed that women supplemented with vitamin D alone
had a lower risk of SGA than controls (RR = 0.70, 95% CI 0.47-0.97; p = 0.047). In contrast, Brough et al.
reported no significant effect of vitamin D supplementation with micronutrients [14]. Q-test and I2
statistics showed no significant heterogeneity across studies (p > 0.1; 12 = 16.2%). Meta-regression did
not reveal a dose-dependent effect of vitamin D supplementation alone on SGA (p = 0.903). Subgroup
analysis by regimen demonstrated that both daily and single-intermitted dose significantly reduced
the risk of SGA (RR = 0.73, 95% CI 0.51-0.98; p = 0.042; RR = 0.58, 95% CI 0.32-0.99; p = 0.048).

Vitamin D supplementation Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Brooke 1980 ] A4 14 BT 206% 0.45[019,1.10] — =
Brough 2010 g a8 13 61 19.0% 037 [0.14, 0.96] —
Hossain 2014 14 a6 18 89 18.8% 1.12[0.54, 2.31] -
Sablok 20145 ] 108 ih a7 18.0% 0.38[0.15, 0.98] —
YU 2009 (=) ] 60 10 a9 11.7% 0.86[0.32, 2.31] T
Yu 2009 {b) 8 G0 10 59 11.9% 0.751[0.28, 2.07] I
Total (95% Cl) 461 392 100.0%  0.63[0.44,0.91] &>
Total events 62 a1
Heterageneity, Chif= 8.78, df= 8P = 0.333 F=13% lﬂ o 051 150 le

Testfor overall effect: 2= 2.46 (F=0.01)

Figure 6. Forest plot of the effect of vitamin D intervention on the risk of small for gestational age,
based on the fixed-effects model. Yu 2009 (a): Vit D2 (800 IU/day); Yu 2009 (b): Vit D2 (single dose of
200000 IU).

3.4. Risk-of-Bias and Quality Assessment

Risk-of-bias assessment was shown in Figure 7. Overall, we identified low risk of attrition and
other biases; however, unclear and/or high risk of selection, performance, detection, and reporting
biases cannot be excluded. Overall, the quality of evidence varied from very low (head circumference)
to moderate (birthweight, birth length, LBW, and SGA). The main reasons for downgrading the quality
of evidence were the risk of bias of RCTs (i.e., high risk of bias for blinding) and the imprecision (i.e.,
low sample size and/or number of events which resulted in wide 95% CI). Full details of risk-of-bias
and quality assessment are included in Supplementary Materials.
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Figure 7. Risk-of-bias assessment of randomized controlled trials included in the meta-analysis.
Risk-of-bias summary (A) and graph (B), according to the Cochrane’s Collaboration tool for assessing
risk of bias in randomized trials.

3.5. Publication Bias

The funnel plot of the effect of vitamin D supplementation on birthweight appeared symmetric
(Figure 8). Accordingly, Begg’s rank correlation method and Egger’s weighted regression method
showed no sources of publication bias (p-values > 0.05). Regarding other outcomes, due to the limited
number of studies, the extent of publication biases cannot be excluded because the power of the tests
for funnel plot asymmetry was too low to identify a real asymmetry [10].
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Figure 8. Funnel plot with estimated 95% confidence intervals for meta-analysis of the effect of vitamin
D intervention on birthweight.

4. Discussion

When interpreting findings about the effect of maternal vitamin D supplementation on birth size,
differences in study design and type of intervention should be considered. To reduce heterogeneity, we
limited our analysis to RCTs of pregnant women without pregnancy complications, with randomization
at either individual or cluster level. We excluded observational studies, cross-over trials, or quasi-RCTs.
Moreover, to demonstrate whether alternative formulations and/or regimens had different effect on
birth size, we performed subgroup analyses. Overall, we compared the effect of oral vitamin D (D2
or D3 form) supplementation, alone or in combination with other micronutrients, with placebo or
no treatment. Most of the interventions provided daily vitamin supplementation, and to a lesser
extent intermitted or single high doses. To date, the recommended dose of vitamin D supplementation,
during pregnancy and lactation, is 600 IU per day [6]. This recommendation, based on outcomes
related to skeletal health, was proposed as the amount of vitamin D to maintain blood levels of
25(0OH)D above 50 nmol/L [29]. However, several lines of evidence argued that deficiency should
be defined at thresholds of 75 nmol/L or higher [30-34]. The majority of RCTs included in our work
evaluated the benefits of a supplementation greater than 600 IU per day. The daily doses ranged
from 200 IU to 4000 IU while, among high single-intermitted interventions, the doses varied from
35000 IU to 600000 IU. During pregnancy, the tolerable upper intake level of vitamin D is now set at
4000 IU/day, although the adverse effects of higher levels are uncertain [30]. As suggested by several
RCTs included in the present systematic review, interventions which reached or exceed the tolerable
upper intake level did not manifest adverse effects [20,22,23,25,26,28]. However, due to inconclusive
evidence, monitoring of toxicity and potential adverse effects of high intermittent dosages should be
an important consideration in RCTs design [30].

Our findings add to the growing body of evidence about the effect of vitamin D supplementation
on neonatal anthropometric measures and incidence of LBW and SGA births. Compared to previous
meta-analyses [5,8], our work summarized data from 13 RCTs, published until May 2017, providing
a larger number of group comparisons for each outcome of interest. We confirmed that vitamin D
supplementation alone, but not in combination with other micronutrients, significantly increased
birthweight, birth length, and head circumference. Compared to the most recent meta-analysis of
RCTs by Perez-Lopez et al. [5], we also showed that newborns from women supplemented with
vitamin D alone had a lower risk of LBW. This evidence was consistent with four trials included
in the recent systematic review by De-Regil et al. [7] and pooled results by Thorne-Lyman et al. [8].
Although birthweight and length are the most used indicators for the assessment of intrauterine
growth, the evaluation of weight distribution at birth is more adequate when it is adjusted for
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gestational age. Accordingly, the reduction of LBW is not the best goal of intervention of RCTs, because
it does not distinguish between suboptimal fetal growth and shortened gestation [35]. Evidence
about the effect of vitamin D supplementation on gestational age and preterm birth is controversial;
De-Regil et al. reported that vitamin D supplementation alone may reduce the risk of preterm birth,
while the combined supplementation with calcium increased the risk [7]. Findings from RCTs
included in the present study suggested that women who received vitamin D supplementation
alone [24,27] or in combination with calcium [13] had a lower risk of preterm birth. However,
in other RCTs the intervention did not affect gestational age [13,14,20-22,24] and preterm birth
incidence [14,19,22]. To our knowledge, the present study is the first demonstrating that maternal
vitamin D supplementation alone significantly reduced the risk of SGA births, defined as birthweight
below the 10th percentile for sex and gestational age. SGA newborns show a higher risk of neonatal
and infant mortality, childhood malnutrition, neurocognitive disorders, and adulthood metabolic
diseases [36]. Subgroup analysis by regimen showed that both daily and high single-intermitted
dose significantly increased birthweight and length, reducing the risk of SGA births. In fact, the
fat-soluble properties of vitamin D allow the single-intermitted dosage during pregnancy, which may
be a feasible strategy against adverse neonatal outcomes in low income countries with poor health
infrastructures [8].

Since we included studies with different interventions, we assessed the dose-dependent effect of
vitamin D supplementation on birth size. For this purpose, we performed meta-regression analyses
of those outcomes with at least three studies evaluating daily vitamin D supplementation alone.
By contrast, heterogeneity in formulation, dose, duration, and timing of supplementation, did not
allow us to perform meta-regression of studies with single supplementation and/or combination of
supplements. However, our analysis did not reveal a dose-dependent effect of vitamin D on birth sizes,
probably due to the limited number of studies. Moreover, very few studies investigated the effect of
vitamin D supplementation with other micronutrients, and hence we were not able to understand
whether the combination with other supplements might affect the efficacy of intervention. Although
single and combination interventions were based on similar vitamin D doses, we cannot exclude an
antagonistic effect of other micronutrients. Given these limitations, further research is needed to assess
the dose-dependent effect of vitamin D alone or in combination with other micronutrients.

The positive effect of maternal vitamin D supplementation on birth size and risk of LBW
and SGA might be mediated by changes in fetal cell mass and function, skeletal mineralization,
and metabolism [37]. Moreover, maternal serum vitamin D insufficiency is associated with an
increased risk of preterm birth [38—40]. The main role of vitamin D in the human body is to maintain
adequate levels of calcium and phosphate, enabling the critical processes of bone mineralization and
development during fetal life [37]. In many fetal tissues, the active form of vitamin D binds to the
vitamin D receptors, regulating genes responsible for the proper implantation of the placenta [41],
which is important for fetal growth. Moreover, vitamin D could influence the maternal immune
response to the placenta [42] and the expression of human chorionic gonadotropin and sex steroids [43].
Some experimental studies have also proposed the role of vitamin D in glucose and insulin metabolism,
affecting availability of energy to the fetus [44], as well as its influence on musculoskeletal growth [45].

Potential weaknesses of our work include the limited number of databases searched. According to
selection criteria, some data, such as conference abstracts and /or unpublished reports, were excluded.
Our reluctance to include unpublished results is based on: (i) the absence of peer-review of unpublished
literature; (ii) the studies that can be located may be an unrepresentative sample of all unpublished
studies; (iii) unpublished studies may be of lower methodological quality than published studies [10].
To address publication biases, we visually assessed funnel plot asymmetry followed by Begg's test
and Egger’s regression asymmetry test. However, in those outcomes with less than 10 intervention
groups, the extent of publication bias cannot be completely excluded. Beyond potential reporting and
publication biases, we assessed an unclear risk of bias for random sequence generation, allocation
concealment, selective reporting and blinding (i.e., absence of blinding should be considered when
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interpreting results by Hossain et al. [22]). Accordingly, the quality of evidence varied from very low
to moderate. The main reasons for downgrading the quality of evidence were the high risk of bias for
blinding and the low sample size, which resulted in wide 95% CI. We also recognize that including
more group comparisons could have the potential of overestimating or underestimating the effect of
vitamin D supplementation. To solve this issue, where possible, we performed subgroup analyses
that classified group comparison into different subgroups, whenever possible. Another weakness
is the potential effect of confounders. To control for factors that could contribute to the effect of
vitamin D supplementation on birth size, RCTs should be based on more standardized protocols [46]:
dosage for vitamin D supplementation should be chosen upon the maternal serum 250HD levels at
baseline [8], as performed by Sablok et al. [27], and such trials should take into account risk factors for
vitamin D deficiency (i.e., genetic factors, latitude, lifestyles, dietary intake and seasonality) [47-49].
To avoid confounding due to seasonal variation in sunlight exposure, several RCTs were carried out
in different seasons [14,18,22,24,26,27]. Taking into account the abovementioned limitations, further
research and large multicenter RCTs, evaluating the effect of genetic, environmental, sociodemographic,
and life-style factors, is needed.

5. Conclusions

Despite growing interest in the relationship between vitamin D supplementation and pregnancy
outcomes, previous evidence about the effect on birth size remained weak. Findings from these
systematic review and meta-analysis confirm vitamin D as an essential nutrient for fetal growth and
development, with well-established effects on birth size. Moreover, to our knowledge, this work
represents the first meta-analysis of RCTs which demonstrates a significant positive effect of maternal
vitamin D supplementation on the risk of SGA births. However, further RCTs of vitamin D
supplementation during pregnancy are required to better define risks and benefits associated
with such interventions and the potential implication as a feasible strategy to prevent adverse
pregnancy outcomes.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com/2072-6643/11/2 /442 /51,
S1: Prisma 2009 Checklist, S2: Search strategy used for PubMed and Cochrane Central Register of Controlled
Trials databases, S3: Search strategy used for EMBASE database, S4: Full details of risk of bias assessment,
S4: Assessment of the quality of the evidence using the GRADE approach.

Author Contributions: Conceptualization, A.A.; methodology, A.M., M.B., and L.B.; formal analysis, A.M., M.B,,
and L.B.; data curation, A.M., M.B., and 1.B.; writing—original draft preparation, A.M., M.B., I.B., and A.A;
writing—review and editing, A.M., M.B., L.B., and A.A; supervision, A.A.

Funding: A M., M.B,, and A.A were partially funded by the Department of Medical and Surgical Sciences and
Advanced Technologies “GF Ingrassia”, University of Catania (Piano Triennale di Sviluppo delle Attivita di
Ricerca Scientifica del Dipartimento-2016-2018).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Ramakrishnan, U.; Grant, F.; Goldenberg, T.; Zongrone, A.; Martorell, R. Effect of women’s nutrition before
and during early pregnancy on maternal and infant outcomes: A systematic review. Paediatr. Perinat.
Epidemiol. 2012, 26 (Suppl. 1), 285-301. [CrossRef] [PubMed]

2. Agodi, A.; Barchitta, M.; Valenti, G.; Marzagalli, R.; Frontini, V.; Marchese, A.E. Increase in the prevalence of
the MTHER 677 TT polymorphism in women born since 1959: Potential implications for folate requirements.
Eur. J. Clin. Nutr. 2011, 65, 1302-1308. [CrossRef] [PubMed]

3.  Holick, M.E. Vitamin D: A d-lightful solution for health. J. Investig. Med. 2011, 59, 872-880. [CrossRef]
[PubMed]

4. Harvey, N.C.; Holroyd, C.; Ntani, G.; Javaid, K.; Cooper, P.; Moon, R.; Cole, Z.; Tinati, T.; Godfrey, K,;
Dennison, E.; et al. Vitamin D supplementation in pregnancy: A systematic review. Health Technol. Assess.
2014, 18, 1-190. [CrossRef] [PubMed]


http://www.mdpi.com/2072-6643/11/2/442/s1
http://dx.doi.org/10.1111/j.1365-3016.2012.01281.x
http://www.ncbi.nlm.nih.gov/pubmed/22742616
http://dx.doi.org/10.1038/ejcn.2011.125
http://www.ncbi.nlm.nih.gov/pubmed/21731042
http://dx.doi.org/10.2310/JIM.0b013e318214ea2d
http://www.ncbi.nlm.nih.gov/pubmed/21415774
http://dx.doi.org/10.3310/hta18450
http://www.ncbi.nlm.nih.gov/pubmed/25025896

Nutrients 2019, 11, 442 14 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pérez-Lopez, FR.; Pasupuleti, V.; Mezones-Holguin, E.; Benites-Zapata, V.A.; Thota, P.; Deshpande, A.;
Hernandez, A.V. Effect of vitamin D supplementation during pregnancy on maternal and neonatal outcomes:
A systematic review and meta-analysis of randomized controlled trials. Fertil. Steril. 2015, 103, 1278-1288.
[CrossRef] [PubMed]

Ross, A.C. The 2011 report on dietary reference intakes for calcium and vitamin D. Public Health Nutr. 2011,
14,938-939. [CrossRef] [PubMed]

De-Regil, L.M.; Palacios, C.; Lombardo, L.K.; Pefia-Rosas, ].P. Vitamin D supplementation for women during
pregnancy. Sao Paulo Med. ]. 2016, 134, 274-275. [CrossRef] [PubMed]

Thorne-Lyman, A.; Fawzi, WW. Vitamin D during pregnancy and maternal, neonatal and infant health
outcomes: A systematic review and meta-analysis. Paediatr. Perinat. Epidemiol. 2012, 26 (Suppl. 1), 75-90.
[CrossRef] [PubMed]

Moher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A.;
Group, P.-P. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Syst. Rev. 2015, 4, 1. [CrossRef] [PubMed]

Higgins, J.; Green, S. Cochrane Handbook for Systematic Reviews of Interventions, Version 5.1.0 ed.; The Cochrane
Collaboration: London, UK, 2008.

Guyatt, G.; Oxman, A.D.; Akl, E.A; Kunz, R; Vist, G.; Brozek, J.; Norris, S.; Falck-Ytter, Y.; Glasziou, P;
DeBeer, H.; et al. GRADE guidelines: 1. Introduction-GRADE evidence profiles and summary of findings
tables. J. Clin. Epidemiol. 2011, 64, 383-394. [CrossRef] [PubMed]

Higgins, ].P.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539-1558.
[CrossRef] [PubMed]

Asemi, Z.; Samimi, M.; Siavashani, M.A.; Mazloomi, M.; Tabassi, Z.; Karamali, M.; Jamilian, M.;
Esmaillzadeh, A. Calcium-Vitamin D Co-supplementation Affects Metabolic Profiles, but not Pregnancy
Outcomes, in Healthy Pregnant Women. Int. J. Prev. Med. 2016, 7, 49. [CrossRef] [PubMed]

Brough, L.; Rees, G.A.; Crawford, M.A.; Morton, R.H.; Dorman, E.K. Effect of multiple-micronutrient
supplementation on maternal nutrient status, infant birth weight and gestational age at birth in a low-income,
multi-ethnic population. Br. J. Nutr. 2010, 104, 437-445. [CrossRef] [PubMed]

Thompson, S.G.; Sharp, S.J. Explaining heterogeneity in meta-analysis: A comparison of methods. Stat. Med.
1999, 18, 2693-2708. [CrossRef]

Begg, C.B.; Mazumdar, M. Operating characteristics of a rank correlation test for publication bias. Biometrics
1994, 50, 1088-1101. [CrossRef] [PubMed]

Egger, M.; Davey Smith, G.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple,
graphical test. BM] 1997, 315, 629-634. [CrossRef]

Brooke, O.G.; Brown, I.R.; Bone, C.D.; Carter, N.D.; Cleeve, H.]J.; Maxwell, ].D.; Robinson, V.P.; Winder, S.M.
Vitamin D supplements in pregnant Asian women: Effects on calcium status and fetal growth. Br. Med. J.
1980, 280, 751-754. [CrossRef]

Mohammad-Alizadeh-Charandabi, S.; Mirghafourvand, M.; Mansouri, A.; Najafi, M.; Khodabande, F. The
Effect of Vitamin D and Calcium plus Vitamin D during Pregnancy on Pregnancy and Birth Outcomes: A
Randomized Controlled Trial. J. Caring Sci. 2015, 4, 35-44. [CrossRef]

Goldring, S.T.; Griffiths, C.J.; Martineau, A.R.; Robinson, S.; Yu, C.; Poulton, S.; Kirkby, J.C.; Stocks, J.;
Hooper, R.; Shaheen, S.O.; et al. Prenatal vitamin d supplementation and child respiratory health:
A randomised controlled trial. PLoS ONE 2013, 8, e66627. [CrossRef]

Hollis, B.W.; Johnson, D.; Hulsey, T.C.; Ebeling, M.; Wagner, C.L. Vitamin D supplementation during
pregnancy: Double-blind, randomized clinical trial of safety and effectiveness. J. Bone Miner. Res. 2011, 26,
2341-2357. [CrossRef]

Hossain, N.; Kanani, EH.; Ramzan, S.; Kausar, R.; Ayaz, S.; Khanani, R.; Pal, L. Obstetric and neonatal
outcomes of maternal vitamin D supplementation: Results of an open-label, randomized controlled trial of
antenatal vitamin D supplementation in Pakistani women. J. Clin. Endocrinol. Metab. 2014, 99, 2448-2455.
[CrossRef] [PubMed]

Marya, R.K; Rathee, S.; Dua, V.; Sangwan, K. Effect of vitamin D supplementation during pregnancy on
foetal growth. Indian ]. Med. Res. 1988, 88, 488-492. [PubMed]

Naghshineh, E.; Sheikhaliyan, S. Effect of vitamin D supplementation in the reduce risk of preeclampsia in
nulliparous women. Adv. Biomed. Res. 2016, 5, 7. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.fertnstert.2015.02.019
http://www.ncbi.nlm.nih.gov/pubmed/25813278
http://dx.doi.org/10.1017/S1368980011000565
http://www.ncbi.nlm.nih.gov/pubmed/21492489
http://dx.doi.org/10.1590/1516-3180.20161343T2
http://www.ncbi.nlm.nih.gov/pubmed/27355803
http://dx.doi.org/10.1111/j.1365-3016.2012.01283.x
http://www.ncbi.nlm.nih.gov/pubmed/22742603
http://dx.doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/pubmed/25554246
http://dx.doi.org/10.1016/j.jclinepi.2010.04.026
http://www.ncbi.nlm.nih.gov/pubmed/21195583
http://dx.doi.org/10.1002/sim.1186
http://www.ncbi.nlm.nih.gov/pubmed/12111919
http://dx.doi.org/10.4103/2008-7802.177895
http://www.ncbi.nlm.nih.gov/pubmed/27076887
http://dx.doi.org/10.1017/S0007114510000747
http://www.ncbi.nlm.nih.gov/pubmed/20412605
http://dx.doi.org/10.1002/(SICI)1097-0258(19991030)18:20&lt;2693::AID-SIM235&gt;3.0.CO;2-V
http://dx.doi.org/10.2307/2533446
http://www.ncbi.nlm.nih.gov/pubmed/7786990
http://dx.doi.org/10.1136/bmj.315.7109.629
http://dx.doi.org/10.1136/bmj.280.6216.751
http://dx.doi.org/10.5681/jcs.2015.004
http://dx.doi.org/10.1371/journal.pone.0066627
http://dx.doi.org/10.1002/jbmr.463
http://dx.doi.org/10.1210/jc.2013-3491
http://www.ncbi.nlm.nih.gov/pubmed/24646102
http://www.ncbi.nlm.nih.gov/pubmed/3243609
http://dx.doi.org/10.4103/2277-9175.175239
http://www.ncbi.nlm.nih.gov/pubmed/26962509

Nutrients 2019, 11, 442 15 of 16

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Roth, D.E.; Al Mahmud, A.; Raqib, R.; Akhtar, E.; Perumal, N.; Pezzack, B.; Baqui, A.H. Randomized
placebo-controlled trial of high-dose prenatal third-trimester vitamin D3 supplementation in Bangladesh:
The AViDD trial. Nutr. J. 2013, 12, 47. [CrossRef]

Sabet, Z.; Ghazi, A.; Tohidi, M.; Oladi, B. Vitamin D supplementation in pregnant Iranian women: Effects on
maternal and neonatal vitamin D and parathyroid hormone status. Acta Endo 2012, 8, 59-66. [CrossRef]
Sablok, A.; Batra, A.; Thariani, K.; Bharti, R.; Aggarwal, A.R.; Kabi, B.C.; Chellani, H. Supplementation of
vitamin D in pregnancy and its correlation with feto-maternal outcome. Clin. Endocrinol. 2015, 83, 536-541.
[CrossRef] [PubMed]

Yu, C.K;; Sykes, L.; Sethi, M.; Teoh, T.G.; Robinson, S. Vitamin D deficiency and supplementation during
pregnancy. Clin. Endocrinol. 2009, 70, 685-690. [CrossRef] [PubMed]

Institute of Medicine. Dietary Reference Intakes for Calcium and Vitamin D; National Academies Press:
Washington, DC, USA, 2011.

Heaney, R.P; Davies, KM.; Chen, T.C; Holick, M.F; Barger-Lux, M.J. Human serum
25-hydroxycholecalciferol response to extended oral dosing with cholecalciferol. Am. ]. Clin. Nutr.
2003, 77,204-210. [CrossRef] [PubMed]

Bischoff-Ferrari, H.A.; Giovannucci, E.; Willett, W.C.; Dietrich, T.; Dawson-Hughes, B. Estimation of optimal
serum concentrations of 25-hydroxyvitamin D for multiple health outcomes. Am. J. Clin. Nutr. 2006, 84,
18-28. [CrossRef] [PubMed]

Visser, M.; Deeg, D.].; Puts, M.T.; Seidell, ].C.; Lips, P. Low serum concentrations of 25-hydroxyvitamin D in
older persons and the risk of nursing home admission. Am. J. Clin. Nutr. 2006, 84, 616-622. [CrossRef]
Norman, A.-W.; Bouillon, R.; Whiting, S.J.; Vieth, R.; Lips, P. 13th Workshop consensus for vitamin D
nutritional guidelines. . Steroid Biochem. Mol. Biol. 2007, 103, 204-205. [CrossRef] [PubMed]

Henry, H.L.; Bouillon, R.; Norman, A.W.; Gallagher, J.C.; Lips, P.; Heaney, R.P,; Vieth, R.; Pettifor, ] M.;
Dawson-Hughes, B.; Lamberg-Allardt, C.J.; et al. 14th Vitamin D Workshop consensus on vitamin D
nutritional guidelines. J. Steroid Biochem. Mol. Biol. 2010, 121, 4-6. [CrossRef] [PubMed]

Steer, P. Small for Gestational Age: Causes and Consequences. J. Anat. 2009, 215, 224. [CrossRef]

Institute of Medicine (US) Committee on Improving Birth Outcomes. Improving Birth Outcomes: Meeting
the Challenge in the Developing World; Bale, ].R., Stoll, B.J., Lucas, A.O., Eds.; National Academies Press:
Washington, DC, USA, 2003.

Kovacs, C.S. Bone metabolism in the fetus and neonate. Pediatr. Nephrol. 2014, 29, 793-803. [CrossRef]
[PubMed]

Qin, L.L,; Ly, EG,; Yang, S.H.; Xu, H.L.; Luo, B.A. Does Maternal Vitamin D Deficiency Increase the Risk of
Preterm Birth: A Meta-Analysis of Observational Studies. Nutrients 2016, 8, 301. [CrossRef]

McDonnell, S.L.; Baggerly, K.A.; Baggerly, C.A.; Aliano, J.L.; French, C.B.; Baggerly, L.L.; Ebeling, M.D.;
Rittenberg, C.S.; Goodier, C.G.; Mateus Nifio, J.F; et al. Maternal 25(0OH)D concentrations >40 ng/mL
associated with 60% lower preterm birth risk among general obstetrical patients at an urban medical center.
PLoS ONE 2017, 12, €0180483. [CrossRef]

Zhou, S.S.; Tao, YH.; Huang, K.; Zhu, B.B.; Tao, EB. Vitamin D and risk of preterm birth: Up-to-date
meta-analysis of randomized controlled trials and observational studies. J. Obstet. Gynaecol. Res. 2017, 43,
247-256. [CrossRef]

Evans, K.N.; Bulmer, J.N.; Kilby, M.D.; Hewison, M. Vitamin D and placental-decidual function. J. Soc.
Guynecol. Investig. 2004, 11, 263-271. [CrossRef]

Bodnar, L.M.; Krohn, M.A.; Simhan, H.N. Maternal vitamin D deficiency is associated with bacterial vaginosis
in the first trimester of pregnancy. J. Nutr. 2009, 139, 1157-1161. [CrossRef]

Barrera, D.; Avila, E.; Hernandez, G.; Méndez, 1.; Gonzalez, L.; Halhali, A.; Larrea, F.; Morales, A.; Diaz, L.
Calcitriol affects hCG gene transcription in cultured human syncytiotrophoblasts. Reprod. Biol. Endocrinol.
2008, 6, 3. [CrossRef]

Pittas, A.G.; Lau, J.; Hu, EB.; Dawson-Hughes, B. The role of vitamin D and calcium in type 2 diabetes.
A systematic review and meta-analysis. J. Clin. Endocrinol. Metab. 2007, 92, 2017-2029. [CrossRef] [PubMed]
Giuliani, D.L.; Boland, R.L. Effects of vitamin D3 metabolites on calcium fluxes in intact chicken skeletal
muscle and myoblasts cultured in vitro. Calcif. Tissue Int. 1984, 36, 200-205. [CrossRef] [PubMed]


http://dx.doi.org/10.1186/1475-2891-12-47
http://dx.doi.org/10.4183/aeb.2012.59
http://dx.doi.org/10.1111/cen.12751
http://www.ncbi.nlm.nih.gov/pubmed/25683660
http://dx.doi.org/10.1111/j.1365-2265.2008.03403.x
http://www.ncbi.nlm.nih.gov/pubmed/18771564
http://dx.doi.org/10.1093/ajcn/77.1.204
http://www.ncbi.nlm.nih.gov/pubmed/12499343
http://dx.doi.org/10.1093/ajcn/84.1.18
http://www.ncbi.nlm.nih.gov/pubmed/16825677
http://dx.doi.org/10.1093/ajcn/84.3.616
http://dx.doi.org/10.1016/j.jsbmb.2006.12.071
http://www.ncbi.nlm.nih.gov/pubmed/17234402
http://dx.doi.org/10.1016/j.jsbmb.2010.05.008
http://www.ncbi.nlm.nih.gov/pubmed/20561983
http://dx.doi.org/10.1111/j.1469-7580.2009.01100.x
http://dx.doi.org/10.1007/s00467-013-2461-4
http://www.ncbi.nlm.nih.gov/pubmed/23529641
http://dx.doi.org/10.3390/nu8050301
http://dx.doi.org/10.1371/journal.pone.0180483
http://dx.doi.org/10.1111/jog.13239
http://dx.doi.org/10.1016/j.jsgi.2004.02.002
http://dx.doi.org/10.3945/jn.108.103168
http://dx.doi.org/10.1186/1477-7827-6-3
http://dx.doi.org/10.1210/jc.2007-0298
http://www.ncbi.nlm.nih.gov/pubmed/17389701
http://dx.doi.org/10.1007/BF02405318
http://www.ncbi.nlm.nih.gov/pubmed/6430502

Nutrients 2019, 11, 442 16 of 16

46.

47.

48.

49.

Papageorghiou, A.T.; Ohuma, E.O.; Altman, D.G.; Todros, T.; Cheikh Ismail, L.; Lambert, A ; Jaffer, Y.A;
Bertino, E.; Gravett, M.G.; Purwar, M.; et al. International standards for fetal growth based on serial
ultrasound measurements: The Fetal Growth Longitudinal Study of the INTERGROWTH-21st Project.
Lancet 2014, 384, 869-879. [CrossRef]

Karras, S.; Paschou, S.A.; Kandaraki, E.; Anagnostis, P.; Annweiler, C.; Tarlatzis, B.C.; Hollis, B.W.; Grant, W.B.;
Goulis, D.G. Hypovitaminosis D in pregnancy in the Mediterranean region: A systematic review. Eur. J. Clin.
Nutr. 2016, 70, 979-986. [CrossRef] [PubMed]

Wang, T.]J.; Zhang, F; Richards, ].B.; Kestenbaum, B.; van Meurs, ].B.; Berry, D.; Kiel, D.P; Streeten, E.A ;
Ohlsson, C.; Koller, D.L.; et al. Common genetic determinants of vitamin D insufficiency: A genome-wide
association study. Lancet 2010, 376, 180-188. [CrossRef]

Barchitta, M.; Maugeri, A.; La Rosa, M.C.; Magnano San Lio, R.; Favara, G.; Panella, M.; Cianci, A.; Agodi, A.
Single Nucleotide Polymorphisms in Vitamin D Receptor Gene Affect Birth Weight and the Risk of Preterm
Birth: Results From the “Mamma & Bambino” Cohort and A Meta-Analysis. Nutrients 2018, 10, 1172.
[CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/S0140-6736(14)61490-2
http://dx.doi.org/10.1038/ejcn.2016.12
http://www.ncbi.nlm.nih.gov/pubmed/26931671
http://dx.doi.org/10.1016/S0140-6736(10)60588-0
http://dx.doi.org/10.3390/nu10091172
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Literature Search 
	Inclusion and Exclusion Criteria 
	Study Selection and Data Extraction 
	Risk-of-Bias and Quality Assessment 
	Statistical Analysis 

	Results 
	Study Selection 
	Systematic Review 
	Meta-Analysis 
	Birthweight 
	Birth Length 
	Head Circumference 
	Low Birthweight 
	Small for Gestational Age 

	Risk-of-Bias and Quality Assessment 
	Publication Bias 

	Discussion 
	Conclusions 
	References

