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ASSOCIATION BETWEEN MATERNAL 25-HYDROXYVITAMIN D LEVELS AND PERINATAL OUTCOMES

Systematic review and meta-analysis of Spanish studies regarding the association
between maternal 25-hydroxyvitamin D levels and perinatal outcomes

Samuel J. Mart�ınez-Dom�ıngueza, Mauricio Tajadaa,b, Peter Chedrauic,d and Faustino R. P�erez-L�opeza,e
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Guayaquil, Ecuador; dFacultad de Ciencias de la Salud, Universidad Cat�olica “Nuestra Se~nora de la Asunci�on”, Asunci�on, Paraguay; eDepartment
of Obstetrics and Gynecology, Lozano-Blesa University Hospital, Zaragoza, Spain

ABSTRACT
Objective: This systematic review and meta-analysis of Spanish studies assessed the association of mater-
nal 25-hydroxyvitamin D [25(OH)D] levels on perinatal outcomes.
Methods: PubMed, Cochrane Library, Embase, Scielo, Scopus, and Web of Science research databases
were searched from inception through December 30 2017 using the terms ‘vitamin D’, ‘pregnancy’, and
‘Spain’. Studies that compared first or second half of pregnancy normal 25(OH)D (�30.0 ng/mL) versus
insufficient (20.0–29.9 ng/mL) or deficient (<20.0 ng/mL) circulating levels and perinatal outcomes were
systematically extracted. Data are presented as pooled odds ratios and their 95% confidence intervals (CIs)
for categorical variables or mean differences and CIs for continuous variables. Risk of bias was evaluated
with the Newcastle–Ottawa Scale.
Results: Five cohort studies met inclusion criteria. The risk of gestational diabetes mellitus, preeclampsia,
preterm birth, and small-for-gestational-age infants, and birthweight was not influenced by first half of
pregnancy maternal 25(OH)D levels. In addition, second half of pregnancy 25(OH) levels did not affect
birthweight.
Conclusion: Maternal 25(OH)D levels during pregnancy did not affect studied perinatal outcomes and
birthweight.
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Introduction

Vitamin D has been related to fertilization, implantation, and
placental and fetal maturation and growth [1–3]. In addition to
maintain calcium and phosphorus homeostasis and to promote
fetal bone mineralization, vitamin D regulates trophoblastic func-
tion, glucose homeostasis, inflammatory response, and antimicro-
bial barrier mechanisms [4–9].

During the first trimester of pregnancy a significant propor-
tion of women display low circulating 25-hydoxyvitamin D
[25(OH)D] levels; and as gestation continues these levels progres-
sively decrease, reaching lower levels than those found at the
beginning of pregnancy [10]. These observed differences seem to
depend on prenatal care supplementation guidelines, geograph-
ical location, lifestyle, and dietary habits [10–12]. Cord blood and
maternal 25(OH)D levels correlate; indeed, 66% of mothers
with levels <20 ng/mL have newborns with levels below 10 ng/
mL [13].

A systematic review and meta-analysis of cross-sectional,
case-control, and cohort studies reported that maternal 25(OH)D
levels were associated with an increased risk for gestational dia-
betes mellitus (GDM), preeclampsia, preterm birth, and small-
for-gestational age infants (SGA) [14]. On the other hand, a
meta-analysis of randomized controlled trials (RCTs) regarding
the effects of vitamin D supplementation during pregnancy, did
not report clinical benefits on obstetrical outcomes [15,16]. Both
meta-analyses were based on heterogeneous populations.

The present systematic review and meta-analysis aimed at explor-
ing the association of maternal vitamin D status and perinatal
outcomes as reported in cohort studies performed in Spain.

Methods

This systematic review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines [17]. Formal
institutional review board approval was not required because this
analysis consisted of the pooling of published studies.

Pre-specified outcomes

Perinatal outcomes included GDM, preeclampsia, preterm birth
(<37weeks), SGA infants, infant birthweight (g), and low birth-
weight (<2500 g) as defined by the authors. Tentative secondary
outcomes included birth Apgar score, cesarean delivery rate, and
rate of admissions to the Neonatal Intensive Care Unit (NICU).

Search strategies

Two investigators independently conducted a systematic litera-
ture search of the PubMed, Cochrane Library, Embase, Scielo,
Scopus, and Web of Science databases from inception through
December 30 2017. The following search terms were

CONTACT Faustino R. P�erez-L�opez faustino.perez@unizar.es Department of Obstetrics and Gynecology, University of Zaragoza Faculty of Medicine, Domingo
Miral s/n, Zaragoza 50009, Spain
� 2018 Informa UK Limited, trading as Taylor & Francis Group

GYNECOLOGICAL ENDOCRINOLOGY
2018, VOL. 34, NO. 11, 987–994
https://doi.org/10.1080/09513590.2018.1472761

http://crossmark.crossref.org/dialog/?doi=10.1080/09513590.2018.1472761&domain=pdf
http://orcid.org/0000-0002-2801-416X
http://www.tandfonline.com


used: (‘vitamin D’ or ‘ergocalciferol’ or ‘cholecalciferol’) and
(‘pregnancy’), and (‘Spain’).

Inclusion and exclusion criteria

Studies were included if (i) these were prospective cohorts, with-
out language limitation, that had data of the circulating levels of
25(OH)D in pregnant women living in Spain; (ii) 25(OH)D levels
during pregnancy were reported as sufficient (�30.0 ng/mL),
insufficient (20.0–29.9 ng/mL), and deficient (<20.0 ng/mL);
(iii) they reported perinatal outcomes endpoints of the second
half of pregnancy (i.e. GDM, preeclampsia, preterm birth, SGA,
infant birthweight, low birthweight, 5-min Apgar scores, and
NICU admissions); (iv) study data be presented as effect esti-
mates: odds ratios (ORs) for categorical variables or mean differ-
ences (MD) for continuous variables, and their corresponding
95% confidence intervals (CIs), or the article reported data that
enabled the calculation of these.

Exclusion criteria were (i) non-maternal measurement of
25(OH)D; (ii) pregnant women living in countries other than
Spain; or (iii) no predefined perinatal outcomes. When data from
a given cohort was repeatedly reported, the paper with more
detailed information was chosen.

Data extraction and assessment for the risk of bias

Two authors independently extracted the data from each study to
a standard registration form. Discrepancies were solved via
review of the original articles and group discussion. From each
study, we extracted information regarding the first author, year
of publication, North latitude of the study location, season of
blood sampling, method used to measure 25(OH)D, maternal age
and body mass index (BMI), gestational age at blood sampling,
parity and plurality, obstetric characteristics, and vitamin D sup-
plementation (yes/no). In addition, perinatal outcomes were
ascertained (Table 1).

When data were provided as median and interquartile range
(IQR), the mean was calculated by the formula x¼ (aþ 2mþ b)/
4, using median (m), P25 and P75 (a and b, respectively); and
the standard deviation calculated by the formula SD¼ IQR/
1.35 [18].

Evaluation of the risk of bias

For every eligible study the risk of bias was evaluated by two
investigators using the Newcastle–Ottawa Scale (NOS) for assess-
ing cohort studies. Disagreements were solved through discussion
among all authors. The NOS evaluates eight items that are cate-
gorized into three groups: the selection of exposure and non-
exposure groups, the comparability of these groups, and outcome
evaluation. An additional star can be given for adjusted exposure
or outcome. Therefore, a maximum number of nine stars can be
obtained by any or each article. Achieving a total of seven or
more stars indicates that the study has a low risk of bias [19].
The score of each individual publication is shown in Table 2.

Statistical analysis

Data on dichotomous outcomes were combined and effect sizes
were presented as OR with 95% 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 the pooled OR was deter-
mined using the Z test, with a p< .05 considered as significant.

Heterogeneity across studies was assessed using the Q-test
based on the v2 statistic (p< .1 was considered statistically sig-
nificant). To quantify heterogeneity, the I2 value was calculated
and values of 40–65% interpreted as moderate level of heterogen-
eity. A p values of <.1 for v2 was used to define the presence of
heterogeneity. The between-study variance was estimated using
tau-squared (s2) statistic [20]. The fixed-effects (Mantel–Haenszel
method) were used to calculate pooled effect estimates. If I2

exceeded 65%, results were then pooled using the random effects
models using the Der Simonian–Laird method [21].

The leave-one-out sensitivity analysis (omission of a single
study at a time) was performed in order to assess whether a par-
ticular omission could affect effect sizes and heterogeneity across
studies. The extent of publication bias was assessed by the Begg’s
test and the Egger’s regression asymmetry test [22,23].

Results

Search results

The search identified 599 publications with 135 duplicates. After
the exclusion of 438 articles, based on the title and abstract, 26
full-text articles were reviewed along with one additional record
which was a full doctoral thesis identified from online literature.
Finally, six publications (five papersþ doctoral thesis) were
included in qualitative and quantitative synthesis (Figure 1).

Included studies

Four cohorts reported data according to the inclusion criteria
[10,24–27]. In addition, a research doctoral degree thesis was
also found online [28]. 25(OH)D measurements were reported
either from the first half of pregnancy, from (mean ± SD)
9.5 ± 1.3 to 13.7 ± 2.4 weeks [10,24,27,28], and/or the second half
of pregnancy from range 24–28weeks [26] to 250 days (inter-
quartile range 242–258 days) [28]. 25(OH)D levels were measured
either by electrochemiluminescence immunoassay [10,24,26], or
high performance liquid chromatography [25,27,28].

Pregnant women were living at Ourense (latitude 42�N) [24];
Almer�ıa (latitude 36�N) [10]; Valencia (latitude 39�N), Sabadell
(latitude 41�N), Asturias (latitude 43�N), Guip�uzcoa (latitude
42�N)[25]; Cartagena (latitude 37�N) [28]; Madrid (latitude 40�N)
[26]; and Valencia (latitude 39�N), Sabadell (latitude 41�N),
Asturias (latitude 43�N), and Guip�uzcoa (latitude 42�N) [27].

Parity, plurality, and maternal characteristics are shown in
Table 1. No specific recommendations were given concerning
diet containing vitamin D, sun exposure, and vitamin D supple-
mentation. Some women were using, ad libitum, polyvitaminics
that included a dosage of 200 IU of cholecalciferol or ergocalcif-
erol. The clinical characteristics of the analyzed studies are sum-
marized in Table 1.

Risk of bias assessment and publication bias

According to the NOS, all studies were identified as of good
quality (NOS Score �7) (Table 2).

There was no evidence of interdependence of variance and
effect size with the Begg–Mazumdar test (p> .05); despite this,
due to the small number of studies, caution is recommended for
the interpretation of results.
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Meta-analyses

Maternal 25(OH)D levels during the first half of pregnancy
were unrelated to the risk of GDM (OR ¼0.93, 95% CI:
0.70–1.25, I2¼ 27%, p¼ .64, Figure 2), preeclampsia (OR
¼0.73, 95% CI: 0.35–1.51, I2¼ 0%, p¼ .39, Figure 3), preterm
birth (OR ¼1.01, 95% CI: 0.76–1.34, I2¼ 0%, p¼ .95, Figure
4), SGA infants (OR ¼1.02, 95% CI ¼0.83–1.27, I2¼ 0%,
p¼ .84, Figure 5), and birthweight (MD ¼9.6 g, 95% CI: �21.7
to 40.9, I2¼ 35%, p¼ .55, Figure 6).

Maternal 25(OH)D levels during the second half of preg-
nancy were unrelated to differences in infant birthweight for
two studies assessing vitamin D insufficiency (MD¼�1.9 g,
95% CI: �99.3 to 95.5 g, I2¼ 55%, Figure 7). Other tentative
outcomes were not available for the analyzed studies.

Discussion

The present systematic review and meta-analysis was based on
Spanish studies reporting on pregnant women attended at the
National Public Health System with standard care and fairly
similar common lifestyle conditions. The present study found
that the risk of GDM, preeclampsia, preterm birth, and SGA
infants did not increase in relation to 25(OH)D status in the
first half of pregnancy. In addition, neonatal birthweight did
no differ when several 25(OH)D cutoffs were considered either
in the first or second half pregnancy.

A previous systematic review and meta-analysis of 24 obser-
vational studies from different world regions reported that
pregnant women with 25(OH)D levels below 20 ng/mL had a
higher risk of GDM, preeclampsia, preterm birth, and SGA
infants [14]. Our systematic review and meta-analysis of five
cohorts of pregnant women living in the European continental
part of Spain showed that perinatal outcomes and infant birth-
weights were not influenced by baseline first trimester or
second half of pregnancy maternal 25(OH)D levels. Despite
this, vitamin D supplementation during pregnancy has been
associated with higher birthweight [15,16].

Despite the fact that all women were living in a very close
latitude with different weather conditions, maternal 25(OH)D
levels were not influenced by temperature or cloudiness differ-
ences which in theory would alter the skin synthesis of vitamin
D. On the other hand, dietary and lifestyle habits are very
similar all over Spain, suggesting common patterns (i.e. sun
exposure, skin protection, and diet content of vitamin D). Of
interest is to mention the fact that the National Spanish
Society of Obstetrics and Gynecology has no recommendation
regarding vitamin D supplementation during gestation;
although women may receive during some periods of their
pregnancy multivitamin supplements that contain small
amounts of vitamin D (usually 200 IU/pill). This amount does
not seem to prevent the natural and spontaneous decline of
vitamin D levels observed from the first to the third trimester
of pregnancy [10].

Due to the small number of included studies in our ana-
lysis, it was not possible to assess the potential influence that
the season of the year, cloudiness, BMI, and weight gain could
have over 25(OH)D levels and perinatal outcomes. A previous
systematic review and meta-analysis of randomized controlled
trials of vitamin D supplementation did not report significant
benefits over pregnancy outcomes [15,16].

Low vitamin D has been related to inflammatory alterations
that may be related to negative perinatal outcomes [29–31].
However, it seems that the benefits of high maternal vitaminTa
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D levels (>40 ng/mL) have rarely been reported in supplemented
or non-supplemented pregnancies [32]. Despite this, high dose of
vitamin D supplementation has been associated to the reduction
of the rate of GDM [33], preeclampsia, low birthweight [34],

preterm birth [32,35], and SGA infants [36]. There is a need for
more well-designed studies using high vitamin D dosages in
order to confirm or deny these possible benefits. Future studies
should also include the study of inflammatory markers
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Figure 1. Flow diagram of included studies.

Figure 2. Maternal insufficient (20.0–29.9 ng/mL, top) and deficient (<20.0 ng/mL, bottom) 25(OH)D levels during the first half of pregnancy as compared to sufficient
levels (�30.0 ng/mL) and gestational diabetes risk.

GYNECOLOGICAL ENDOCRINOLOGY 991



Figure 3. Maternal insufficient (20.0–29.9 ng/mL, top) and deficient (<20.0 ng/mL, bottom) 25(OH)D levels during the first half of pregnancy as compared to sufficient
levels (�30.0 ng/mL) and preeclampsia risk.

Figure 4. Maternal insufficient (20.0–29.9 ng/mL, top) and deficient (<20.0 ng/mL, bottom) 25(OH)D levels during the first half of pregnancy and preterm birth risk.

Figure 5. Maternal insufficient (20.0–29.9 ng/mL, top) and deficient (<20.0 ng/mL, bottom) 25(OH)D levels during the first half of pregnancy and small for gestational
infant risk.
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[29,31,35], insulin endocrinology and body weight changes [37],
and the measurements of other vitamin D metabolites that might
be more representative of the endogenous vitamin D status [38].

On the other hand, there is also a need for controlled stud-
ies that analyze the intake of a significant cholecalciferol sup-
plementation (2000 IU/day or adjusted according to maternal
circulating 25(OH)D levels at the beginning of pregnancy) in
order to analyze the effect that of achieving maternal
vitamin D levels >40 ng/mL would have over maternal and
fetal outcomes.

Finally, regarding the limitations of our study one can men-
tion the reduced number of available publications and that not
all analyzed studies reported on geographic climatological tem-
perature and humidity variations found throughout the year.
Also, there is a lack of information regarding maternal body
weight gain during pregnancy and lack of a sufficient vitamin D
supplementation. The strengths of the present meta-analysis are
(1) the inclusion of women of a homogeneous health care system
subject to similar diagnostic and complementary tests and peri-
natal diagnostic criteria; and (2) the very low to moderate statis-
tic heterogeneity found among studies.

It can be concluded that maternal 25(OH)D levels during
pregnancy of women living in Spain were not associated to
adverse perinatal outcomes or lower birthweight. However, it
remains to be confirmed if adequate (enough) vitamin D supple-
mentation may be able to reduce obstetric, neonatal, and postna-
tal adverse outcomes [32,35,39–42].
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