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AbstrAct

Maternal hypovitaminosis D during pregnancy has been associated with a wide spectrum of 
adverse maternal and neonatal health outcomes, some manifesting stronger associations than 
others. Research in this field has entered the “era of systematic data evaluation” via the conduct-
ing of a series of meta-analyses in an attempt to synthesize the diverse data from observational 
and supplementation studies. The aim of this review was to provide a critical appraisal of pub-
lished observational and interventional (supplementation) meta-analyses on the link between 
maternal vitamin D status and health consequences to both mothers and neonates. A literature 
review was performed by two reviewers in the Medline and Embase databases, from incep-
tion to March 2014, without any language restriction. Additional articles were identified by a 
manual search of the references from the key articles retrieved. The results provided evidence 
that the meta-analyses on the link between maternal vitamin D status and maternal / neonatal 
health consequences are characterized by a wide heterogeneity of studied populations as well as 
methodological pitfalls, including the absence of standardized vitamin D assays and evaluation 
of vital external regulators of vitamin D bio-networks. Based on the above, interpretation of 
these meta-analyses should be carried out with care. Future supplementation studies should 
take into consideration all these population and methodological issues by incorporating them 
in their research design and settings.
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1. BAcKgRounD

Maternal vitamin D deficiency during pregnancy 
has been associated with a plethora of adverse maternal 
health outcomes, some manifesting stronger associa-
tions than others.1 although there is a great distance 
from an association between these two bio-phenomena 
to a verdict of causation, emphasis should be placed 
on the consistency of these observations indicating 
significant adverse health consequences arising from 
maternal vitamin D deficiency.2

accumulating data associate maternal vitamin D 
deficiency throughout pregnancy with adverse maternal 
health outcomes, including glucose intolerance and 
gestational diabetes mellitus (GDM), pre-eclampsia, 
preterm birth and high rates of caesarian section.1,2 
Meanwhile, maternal hypovitaminosis D has also 
been implicated in the pathogenesis of several adverse 
neonatal outcomes, including impaired skeletal and 
neurocognitive development, small birth weight and 
increased rates of autoimmune diseases in early in-
fancy and childhood, including asthma, wheezing and 
type 1 diabetes.3 Recently, these observations were 
gradually incorporated into systematic evaluations, a 
process that significantly improved the potential for a 
holistic view of all available data in this field. With the 
escalating number of study outcomes available in the 
literature on vitamin D in pregnancy, meta-analyses 
have become important sources of information about 
where relationships exist between vitamin D status 
in mothers and maternal and neonatal health. This 
process could be characterized as representing the 
new “era of systematic data evaluation” of the link 
between maternal hypovitaminosis D and adverse 
maternal and neonatal outcomes.

The present review aims to provide an overview 
of available systematic reviews and meta-analyses on 
both maternal and neonatal data, in conjunction with 
an insight into certain methodological aspects, in an 
attempt to expand our current knowledge on vitamin 
D supplementation during pregnancy.

2. METhoDs - DATA souRcEs

a literature review was performed by two review-
ers independently (SNK and Pa) with the use of 
the Medline and Embase databases. The search was 

focused on meta-analyses published from inception 
to March 2014, without any language restriction. 
The following keywords were used: “vitamin D”, 
“pregnancy”, “maternal complications”, “neonatal 
complications”, “supplementation studies” and “ob-
servational studies”. Related articles and links were 
searched. additional articles were identified by a 
manual search of the references from the key articles 
retrieved. Only articles exploring maternal vitamin 
D status and maternal/neonatal health consequences 
were selected.

3. MATERnAl ouTcoMEs: sysTEMATic 
REviEws AnD META-AnAlysEs

a detailed review of available epidemiological 
data, including supplementation and prospective 
observational studies with intake of vitamin D or 
maternal 25(OH)D concentrations, dealt with a wide 
range of maternal and neonatal parameters.4 The 
review excluded trials of “very low” quality; how-
ever, dosing schemes varied significantly across all 
supplementation studies. Pooled analysis indicated 
no significant association between supplementation 
and preterm birth or mean duration of gestation. 
However, observational data on this field indicated a 
longer duration of gestation in women with adequate 
(>50 nmol/l) vitamin D status. In terms of maternal 
outcomes and mortality, observational data analyzed 
in this review were heterogeneous. The authors used 
preliminary supplementation data by the Hollis et al 
study5 in which different dosing regimens (400 IU, 
2000 IU, 4000 IU) for multiple problems including 
pre-eclampsia and GDM showed no significant benefit 
in the intention-to-treat analysis.

a comprehensive systematic analysis on the associa-
tion between vitamin D status and several pregnancy 
outcomes [GDM, pre-eclampsia, bacterial vaginosis 
and small for gestational age (SGa)] in 22,000 women 
was conducted by aghajafari et al.6 The group analyzed 
existing observational data, excluding studies where 
sampling was conducted during or after delivery, and 
developed a data extraction form for key indicators of 
study quality, including study design, control groups, 
25(OH)D thresholds, gestational age and baseline 
confounders for vitamin D studies [body mass index 
(BMI), skin colour, clothing, race, season and expo-
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sure to ultra-violet radiation B (UVB)]. In total, 31 
studies were included which differed in their design, 
statistical analysis, reporting of confounders and re-
porting of effect measures. The authors conducted two 
meta-analyses on each field. The first analysis used a 
calculated and adjusted odds ratio (OR) for quantifying 
the association between 25(OH)D insufficiency and 
the outcome (GDM, pre-eclampsia, birth variables). 
Since the studies, by definition designed to examine 
vitamin D status, reported separate proportions of 
deficiency and insufficiency, the authors combined 
available data to categorize concentrations less than 
75 nmol/l for pregnancy outcomes and less than 37.5 
nmol/l for birth variables. The second analysis pooled 
weighted mean differences (WMD) to estimate po-
tential differences in mean 25(OH)D concentrations 
between women who developed complications and 
those who did not. Overall, pooled OR showed that 
insufficient serum concentrations of 25(OH)D are as-
sociated with GDM, pre-eclampsia and SGa infants, 
demonstrating a positive moderate association for 
each variable. More specifically, hypovitaminosis 
D was associated with GDM [overall OR 1.49, 95% 
confidence interval (CI) 1.18-1.88], which increases 
after adjustment for confounders in three studies (OR 
1.98, 95% CI 1.23-3.23) in the first analysis, whereas 
the second analysis showed that women with GDM 
had significantly lower concentrations of 25(OH)
D than controls [pooled weighted mean difference 
(WMD) -7.36 nmol/l]. For pre-eclampsia, overall OR 
associated with maternal vitamin D insufficiency was 
1.79 (95% CI 1.25-2.58). In this case, adjustment for 
confounders led to an OR of 1.51 (95% CI 0.89-2.57), 
whereas women with pre-eclampsia manifested sig-
nificantly lower concentrations of 25(OH)D (pooled 
WMD -14.53 nmol/l). For birth variables, overall OR 
showed a significant positive association of SGa with 
low 25(OH)D concentrations (1.85, 95% CI 1.52-
2.26). Reported data on birth weight (four studies) 
indicated that lower (<37.5 nmol/l) maternal 25(OH)
D concentrations led to lower birth weight (-130.92 
g). The analysis showed no dose-response relation 
between low 25(OH)D and pregnancy outcomes. 
It is noteworthy that included observational stud-
ies differed markedly in the assessment of maternal 
nutrition (where available) and the type of assay for 
25(OH)D used. although this analysis could not infer 

causality based on the observational data included, 
it could constitute a reliable initial basis for future 
supplementation trials.

Similar associations were evident in another recent 
meta-analysis on maternal hypovitaminosis D and 
pre-eclampsia (OR 2.09, 95% CI 1.50-2.90), GDM 
(OR 1.38, 95% CI 1.12-1.70) and preterm birth (OR 
1.13, 95% CI 0.74-1.71).7 Exclusive observational 
data on GDM and pre-eclampsia were the objective 
of three recent meta-analyses.8-10

On this basis, seven observational trials were 
considered eligible for a meta-analysis on the field of 
GDM including 2146 participants of whom 433 were 
diagnosed with GDM with the majority of samples 
collected in the last trimester of pregnancy.8 Overall, 
four studies demonstrated significant differences in 
maternal serum 25(OH)D between women with GDM 
and controls. Most women (49%) with GDM were 
vitamin D deficient [serum 25(OH)D <50 nmol/l], 
whereas a combined OR of 1.16 (95% CI 1.19-2.17) 
between GDM and maternal hypovitaminosis D was 
evident. Potential confounders included maternal 
obesity, maternal age as well as ethnicity, resulting 
in significant associations after adjustment. How-
ever, studies included in the analysis used different 
diagnostic criteria for GDM resulting in potential 
selection bias, different techniques of measurement 
and a significant heterogeneity among studies was 
observed (I2 69%).

Pre-eclampsia and its association with maternal 
hypovitaminosis D was systematically addressed in 
an elegant analysis including 15 observational stud-
ies, of which eight were included in a meta-analysis.9 
In the systematic analysis, four studies found no 
such associations, whereas four others showed a 
significant association of lower concentrations of 
maternal 25(OH)D with an increased risk of pre-
eclampsia. The remainder included studies which 
assessed maternal concentrations of 1,25(OH)D, 
which could not be considered as a reliable marker 
of maternal vitamin D status. Several points from 
the meta-analysis (eight studies) are of significant 
importance: a) confounders adjusted, criteria for 
pre-eclampsia diagnosis and hypovitaminosis D were 
different within studies, b) a significant association 
between maternal vitamin D deficiency and the risk 
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of pre-eclampsia was found although with significant 
heterogeneity (I2 52.7%), and c) in the subgroup 
analysis of studies with threshold values of 25(OH)
D <38 nmol/l, no significant associations were found, 
whereas in those that defined deficiency as 25(OH)
D <50 nmol/l a significant association was evident. 
although these findings could comprise a theoretical 
basis for supplementation trials, analysis interpreta-
tion has to overcome a paradox: the phenomenon of 
a significant association of pre-eclampsia and hypo-
vitaminosis D in pregnant women defined as 25(OH)
D concentrations <50 nmol/l) rather than those with 
more pronounced deficiency [25(OH)D <38 ng/ml] 
as would be pathophysiologically assumed.

a systematic effort which focused on incorporating 
both observational and supplementation data on the 
field of pre-eclampsia and maternal hypovitaminosis 
D was recently conducted by Hypponen et al.10 The 
authors conducted a systematic review and meta-
analysis of prospective observational trials including 
data from the two large-scale epidemiological studies 
(HCCSa and aLSPaC) as well as randomized con-
trolled trials (RCTs) using vitamin D supplementation 
for pre-eclampsia prevention. In two large-scale, 
observational studies on vitamin D supplementa-
tion and pre-eclampsia risk, a 19% reduction in OR 
of pre-eclampsia was found, although the average 
intake of vitamin D was low (200-430 IU/day) for 
the majority of pregnant women. The second type 
of study analyzed were nine (including aLSPaC) 
observational studies which prospectively evaluated 
maternal 25(OH)D concentrations and risk for pre-
eclampsia development. Heterogeneity in vitamin D 
assays used, criteria for vitamin D insufficiency and 
trimester of serum sampling was evident. Combined 
analysis demonstrated that mothers with higher 25(OH)
D concentrations (different criteria among studies) a 
decreased OR of developing pre-eclampsia was found 
compared to those with low concentrations of 25(OH)
D (0.52, 95% CI 0.30-0.89). However, there was a 
high heterogeneity (I2 60%) among studies analyzed 
and this association was not evident in studies outside 
the US (latitudes south of 45oN). RCTs on vitamin 
D supplementation and pre-eclampsia were also ana-
lyzed. Of the four placebo-controlled RCTs included 
in the meta-analysis only one was blinded and used 
supplementation with 400 IU/day (comparison group) 

and 2000 and 4000 IU/day as treatment groups. The 
other studies used supplementation with 450 to 1000 
IU of vitamin D/day in combination with calcium, 
vitamin a and multivitamins. Data comparison showed 
a reduction in OR of pre-eclampsia of 0.66 (95% CI 
0.52 - 0.83). although data analysis revealed an as-
sociation between vitamin D and pre-eclampsia across 
different study types, the design and power of many 
of the trials included characterizes this association as 
not conclusive. although there is a strong theoretical 
basis, founded on extensive data concerning immuno-
logical and placental mechanisms, for supporting an 
association between vitamin D status during pregnancy 
and its impact on hypertensive disorders, available 
studies differ considerable in their design as well as 
definition of vitamin D status, parameters that affect 
data interpretation.

4. nEonATAl ouTcoMEs: META-AnAlysEs 
AnD sysTEMATic REviEws

The fetus is completely reliant on maternal vi-
tamin D stores for the supply of 25(OH)D, which 
crosses the placenta.3,11 For this reason and based 
on the skeletal and non-skeletal effects of vitamin 
D, it has been proposed that in utero vitamin D en-
vironment may influence the offspring’s health and 
development. Regarding neonatal birth weight, we 
found three meta-analyses of observational studies, 
published in the last two years.4,6,7 The first did not 
come to a clear conclusion in terms of vitamin D 
status during pregnancy and birth weight, perhaps 
due to different thresholds used for defining vitamin 
D deficiency or insufficiency, but the risk of SGa 
seemed to be higher in vitamin D deficient women.4 
The second one showed that women with 25(OH)D 
concentrations <50 nmol/l were at increased risk of 
SGa (OR 1.52, 95% CI 1.08-2.15) compared with 
those with >50 nmol/l.6 This risk was confirmed by 
the third meta-analysis and was slightly higher (OR 
1.85, 95% CI 1.52-2.26 for vitamin D insufficiency). 
Of note, the latter meta-analysis was adjusted for 
possible confounders, such as 25(OH)D thresholds, 
gestational age at sampling among the studies and 
study design. The association between SGa infants 
and 25(OH)D insufficiency remained significant.6

a recent meta-analysis by andersen et al12 also 
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impact on small effect sizes. The other inclusion/
exclusion bias arises from the study sample size. Bal-
anced meta-analyses incorporate studies of all sizes, 
which should be demonstrated with a funnel plot, 
potentially accompanied by the relevant statistical 
indices (e.g., Egger’s linear regression, Beggs’ rank 
correlation) statistically assessing the asymmetry of 
the plot. Owing to the poor power of these tests, and 
in the absence of better ones at the moment, omission 
of the statistical test for asymmetry is a generally 
accepted practice.

5.2. A methodological overview of analytical 
data on maternal vitamin D status in pregnancy

The number of recent meta-analyses specific to 
pregnancy outcomes link maternal vitamin D status 
to pregnancy and neonatal outcomes.4,6 a broad spec-
trum of adverse pregnancy outcomes,7 specifically 
the risk of GDM8 and pre-eclampsia,9,10 testify to 
the importance of evaluating maternal vitamin D 
status during pregnancy but also to the uncertainty 
that is still present in this field. Despite a myriad of 
empirical studies being built on the assumption that 
a healthy vitamin D level is imperative for a healthy 
outcome of the pregnancy, Conde-agudelo et al13 
found that among the wide array of biomarkers, vi-
tamin D concentrations were not a strong marker for 
predicting intrauterine growth restriction. The latter 
is potentially due to the confounding factors such as 
lifestyle, inter-individual variations and measurements. 
albeit not focusing on pregnancy, a meta-regression 
of the conversion rate of total vitamin D intake from 
habitual intake via diet (and supplements where used) 
to the resulting circulating 25(OH)D concentration 
greatly depends on inter-individual variations and 
latitude.14 Issues surrounding the measurements of 
vitamin D concentrations add an emerging new facet 
to vitamin D research.15 Given the unwavering inter-
est in the relationship between vitamin D levels and 
healthy pregnancy, it is surprising that a systematic 
assessment of maternal diet and the adequacy of 
micronutrients during pregnancy omits vitamin D 
but includes a wide range of other vitamins and 
minerals.16

Table 1 summarizes the key aspects of quality 
assessments of the meta-analyses on vitamin D and 
pregnancy included in this review. Meta-analyses fol-

included data from RCTs with birth and neonatal 
anthropometry as the main outcome. Vitamin D sup-
plementation resulted in increased birth weight in one 
study, which used no placebo and reported no data on 
serum 25(OH)D. a significant effect was not evident 
in five other studies. Of major interest, in five RCTs, 
cord 25(OH)D concentrations were between 18-45% 
lower than maternal serum 25(OH)D at delivery. This 
wide variation is representative of the inherent flaws 
of vitamin D assays used in older studies.

5. ThE ERA oF sysTEMATic REviEws: 
METhoDologicAl consiDERATions

5.1. General aspects
Essentially, systematic reviews aim to synthesize 

multiple results from original available data by us-
ing strategies delimiting systematic errors. From the 
methodological point of view, rules governing the 
objective and systematic selection of the included 
studies and the employed statistical analyses of the 
extracted data are clearly defined. Including an ex-
plicit reference to the systematic review checklist, 
assessment of bias and heterogeneity are expected 
as minimum quality checks. Owing to the noted 
poor performance of Cochrane’s Q index in assess-
ing heterogeneity, the preferred index should be the 
I2 statistics, which is an estimate of the percentage 
differences in combined effect sizes due to genuine 
heterogeneity. as a general rule, a random-effect model 
(RE) is preferred over fixed-effect (FE) meta-analysis 
if the data are not homogeneous. The choice between 
RE and FE also has an effect on the interpretation of 
the data. When using FE, we assume that the pooled 
data represent the common effect that is shared by 
all studies, whereas in RE, the pooled summary is 
the average of the study-specific effects. Because 
of this, the comparison of results from FE and RE 
models can provide further insights into the data and 
is thus recommended. To assess publication bias ow-
ing to negative results (namely, negative results are 
less likely to reach public dissemination compared 
to the positive results), meta-analyses ideally should 
incorporate a quantitative assessment of publication 
bias using a fail-safe number representing the number 
of studies with null findings. The exclusion/inclusion 
of non-significant results has a potentially profound 
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lowed the basic guideline for assessing heterogeneity 
to inform the statistical methods without exception. 
Bias assessment was limited to the funnel plot but 
publication bias was not considered. The approach to 
quality assessment varied across the included studies 
with several having no formal assessment of the qual-
ity.17,18 With one exception, information on the assay 
used to measure vitamin D concentrations was not 
included. The only study that included this informa-
tion17 displayed six different methods in 24 studies. 
This point is especially pertinent as recent advances 
in analytical methodology have revealed that the 
measurements are far from facile for this complex set 
of vitamin D analytes. although it is beyond the aim 
of this review, it should be metioned that state-of-the 
art assays can measure up to 10 forms of vitamin D 
including epimers for the circulating forms [25(OH)
D].19 The concurrent realization that different as-
says measure a variety of analytes adds considerable 
complexity to the extrapolation of previous studies 
to meta-analyses based on analyte levels.

5.3. A critical evaluation of study 
characteristics included in systematic reports

among other health conditions, such as cardiovas-
cular disease, cancer and neurodegenerative diseases, 
fertility and outcomes of pregnancy have been linked 
to vitamin D in an emphatic way.1,2 In the case of 
maternal hypovitaminosis D during pregnancy, this 
task manifests significant challenges, since a critical 
appraisal and synthesis of clinical findings are likely 
to be dependent on several exogenous parameters. 
apart from the inherent flaws in the assay methodol-
ogy used in most studies, a variety of additional fac-
tors affecting vitamin D status, including ultraviolet 
exposure, calcium intake or other clinical conditions 
that interfere with maternal and neonatal vitamin D 
status are key issues in the vitamin D equilibrium.20-23 
These parameters were absent or only partially evalu-
ated in most studies included in systematic reviews, 
despite their proven effects on population vitamin 
D status.20-22 Moreover, vitamin D research issues 
per se incorporate unique characteristics including 
a geographical distribution and variation of indi-
vidual vitamin D levels affected by local sartorial 
and social habits. In terms of dose supplementation, 
it could be stated that surely in the case of vitamin 

D, one dose does not fit all.24 We could not reach a 
conclusion on the beneficial effects of vitamin D on 
potential outcomes without a fair evaluation of the 
appropriate dose based on the vitamin D status of the 
population that will be supplemented.25 On this basis, 
it is evidently essential that vitamin D supplementa-
tion should not be directed only towards optimizing 
25(OH)D concentrations, since this is not a condition, 
but rather to achieving a measurable improvement 
in a disease course.25 Certainly, this process requires 
a more in-depth knowledge of the global vitamin D 
status worldwide in conjunction with all reported 
aspects of vitamin D status reported previously.

6. conclusions

It is clear that the new development in elucida-
tion of the proposed associations between maternal 
vitamin D status and adverse pregnancy outcomes 
is the systematic evaluation of previous literature in 
the field. On that basis, systematic reviews indicate 
that maternal hypovitaminosis D is associated with a 
plethora of maternal complications. In our case, the 
thorough, systematic evaluation of previous studies 
in the field provided a more “clear-cut” view on the 
potential detrimental effects of maternal hypovita-
minosis D, while it also underlined that the next step 
in the field would be carrying out of supplementation 
studies. at the same time however, it is evident that 
these systematic analyses are characterized by the 
wide heterogeneity of population samples included as 
well as methodological pitfalls, including the absence 
of standardized vitamin D assays and evaluation of 
vital external regulators of vitamin D bio-networks. 
By reason of the above, interpretation of these sys-
tematic analyses should be made carefully based on 
our current view of the so-called “vitamin D panacea” 
worldwide. In addition, future supplementation stud-
ies would benefit from the analyses conducted so far 
by incorporating the aforementioned issues in their 
research design and settings.
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