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Abstract: Vitamin D has well-defined classical functions related to metabolism and bone health but
also has non-classical effects that may influence pregnancy. Maternal morbidity remains a significant
health care concern worldwide, despite efforts to improve maternal health. Nutritional deficiencies
of vitamin D during pregnancy are related to adverse pregnancy outcomes, but the evidence base
is difficult to navigate. The primary purpose of this review is to map the evidence on the effects of
deficiencies of vitamin D on pregnancy outcome and the dosage used in such studies. A systematic
search was performed for studies on vitamin D status during pregnancy and maternal outcomes. A
total of 50 studies came from PubMed, 15 studies came from Cochrane, and 150 studies came from
Embase, for a total of 215 articles. After screening, 34 were identified as candidate studies for inclusion.
Finally, 28 articles met the inclusion criteria, which originated from 15 countries. The studies included
14 original research studies and 13 review studies conducted between 2012 and 2021. This review
was finally limited to the 14 original studies. This systematic review was conducted according to
the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) guidelines, and
the quality and strength of the evidence was evaluated using the Navigation Guide Systematic
Review Methodology (SING). We found evidence that supports the idea that supplementary vitamin
D for pregnant women is important for reducing the risk of gestational diabetes, hypertension,
preeclampsia, early labor, and other complications. The data retrieved from this review are consistent
with the hypothesis that adequate vitamin D levels might contribute to a healthy pregnancy.

Keywords: gestational diabetes; hypertension; maternal morbidity; preeclampsia; pregnancy; sup-
plementation; vitamin D; 25-hydroxyvitamin D

1. Introduction

There is evidence of early interest in the relationship between vitamin D status and
maternal health outcomes [1].

Vitamin D (D2 or ergocalciferol, D3 or cholecalciferol, or both) is a fat-soluble lipophilic
prohormone proven to have many metabolic and biological functions. This vitamin is
mainly synthetized in the skin as cholecalciferol through the action of ultraviolet light
(vitamin D3), but it is also obtained from diet sources and food supplements such as
ergocalciferol (vitamin D2) [2] and food materials such as fish oil, fish flesh, dietary supple-
ments, eggs, butter, fortified foods, liver, and mushrooms. Vitamin D deficiency (serum
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25-hydroxyvitamin D [25(OH)D] < 20 ng/mL) [3–5] is a major public health concern that is
widespread among the general population and highly prevalent in pregnant women; it is
found in 60% of them [6–9]. Maintaining serum concentrations between 30 and 50 ng/mL
is recommended to achieve the health benefits of vitamin D [10–13].

Globally, it has been estimated that a billion people may be affected by vitamin D
deficiency or insufficiency [14]. Studies in Ethiopia and India have also found that more
than 80% and 60% of pregnant women suffered from vitamin D deficiency, using a cutoff
of <50 nmol/L vitamin D, indicating the need for more research on the potential outcome
and benefits of supplementation in developing countries [15,16].

Severe maternal morbidity during pregnancy is identified and reported worldwide.
Its rising rates remain a large healthcare concern [17]. In 2005, worldwide, there were
around 535,900 maternal deaths reported, which translates to a mortality ratio of about
402 maternal deaths per 100,000 live births [18]. The majority of these maternal deaths
occurred in sub-Saharan Africa, with 270,500 deaths, and Asia, with 240,600 deaths [18].
Just five countries—India (117,100), Nigeria (58,800), the Democratic Republic of Congo
(32,300), Afghanistan (26,000), and Ethiopia (22,200)—accounted for almost half (48%) of
all maternal deaths [18].

Maternal morbidity is an unintended outcome of labor and delivery that results in
significant short- or long-term consequences to woman’s health [19]. Severe maternal
morbidity (SMM) affects around an estimated 50,000 women per year in the United States—
0.5–1.3% of pregnancies [19,20]. However, determining the true rates of SMM in the United
States and worldwide is difficult because of the lack of standard definitions of such cases
as well as the difficulty in identifying cases [21].

During pregnancy, there are significant alterations in phosphate and calcium metabolism
owing to calcium accumulating in the fetal skeleton, and the fetus relies exclusively on the
maternal supply of vitamin D, which it receives across the placenta, as it is not capable of
synthesizing vitamin D on its own for adequate bone mineral formation [22,23]. A low
level of vitamin D during the pregnancy and special attention during the early stage of
pregnancy produce less bone mineral content in the fetal skeleton. Calcitriol cord blood
concentrations tend to be lower than those found in maternal serum [2–13] due to the fact
that calcitriol cannot easily cross the placental barrier [24,25], and parathyroid hormone
concentrations are low in the fetus [26]. The high levels of phosphorus and calcium con-
centrations found in serum also contribute to lower fetal calcitriol concentrations because
these factors suppress the expression of renal 25OHD-1-α-hydroxylase (CYP27B1) in the
fetus [27].

The recommended daily allowance (RDA) of vitamin D for women in the United
States aged 19–50 years, including during pregnancy, is established at 600 IU per day [27].
This recommendation was based on the amount of intake necessary to sustain blood levels
of vitamin D above 50 nmol/L for a population with minimal sunlight exposure and was
developed solely based on outcomes related to bone health [27]. According to the US
Institute of Medicine, it is considered that 1000–1600 IU (25–40 g/day) of supplemental
vitamin D is necessary during pregnancy to obtain the highest level of vitamin D3 during
this period [28]. This recommendation was contentious, as many researchers have argued
that insufficiency should be defined at thresholds of 75 nmol/L or even higher, which
would require a much higher intake to reach [29,30]. Nevertheless, some studies [31–33]
established that the safe and maximal production of vitamin D (at least 32 ng/mL) is
achieved with a supplementation of 4000 IU/day until delivery.

Vitamin D can also be referred to as 25-hidroxyvitamin D or calcidiol, and it is trans-
formed into its active form 1,25-dihydroxyvitamin D by CYP27B1 [33]. This enzyme is
mainly located in the kidney but is also significantly expressed in the placenta. Preg-
nancy represents a special physiological situation due to the important role played by the
placenta in the metabolism of this vitamin [34]. The placenta is thought to be the major
site of vitamin D metabolism in pregnancy. The 1a-hydroxylase, the 24-hydroxylase, the
25-hydroxylase (CYP2R1), the vitamin D binding protein (VDB), and the vitamin D receptor
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(VDR) have all been detected either in trophoblast cultures or in freshly obtained placental
tissue [35–38]. Undoubtedly, the placenta can metabolize vitamin D, providing active
1,25-(OH)2 vitamin D in vitro. However, it is unclear to what extent placental vitamin D
metabolism contributes to maternal vitamin D status in pregnancy.

Numerous functions have been attributed to vitamin D due to the pleiotropic prop-
erties of the vitamin D receptor (VDR) [39]. Increasing scientific evidence points to the
role of vitamin D in maternal mortality and morbidity, in addition to its implication in
several pathologies. Allergic and autoimmune diseases and even cancer implications have
also been postulated [40]. The vitamin D deficiency during pregnancy cause maternal
and fetal side effects [41], such as increases the risk of preeclampsia, glucose intolerance,
gestational diabetes, preterm birth and hypocalcemia crisis in the mother. As poor skeletal
development, dysfunction in both the mother and newborn and increase the risk birth of a
small child for gestational age (SGA) [42]. Also in the fetus it is related to an inadequate
immune system, wheezing and eczema, and respiratory infections in infants [43,44].

An area of study that has garnered significant attention is the role of vitamin D and its
effect on pregnancy. There is a lack of evidence from systematic reviews and meta- analyses
to evaluate the association between vitamin D during pregnancy and maternal morbidity.
Given the high prevalence of low vitamin D level status during pregnancy and the public
health importance of clarifying the role of vitamin D during pregnancy in offspring health,
a better understanding of the nonclassical functions of vitamin D in preventing adverse
health outcomes in high-risk populations is needed. The aim of the present review is to
summarize the primary outcome in order to identify a cut-off value for a serum vitamin
D concentration that increases the risk of maternal morbidity during pregnancy and to
determine the possibility of supplementation to avoid it.

2. Materials and Methods

This systematic review was conducted according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [45,46]. The quality and
strength of the evidence was evaluated using the Navigation Guide Systematic Review
Methodology (SING) [47–49]. Systematic review registration PROSPERO (CDR42022343174).

2.1. Question PECO

The PECO question (P: population; E: exposure; C: comparison; O: outcome) of the
study was “Is there more morbidity in pregnant women with low levels of vitamin D
compared to those with adequate levels of vitamin D?”, in which P is pregnancy women; E
is a low intake/level of vitamin D; C is an adequate intake/level of vitamin D; and O is
pregnancy morbidity.

2.2. Literature Search

The goal of the search strategy was to identify studies that reported the associations
between serum vitamin D concentrations or the intake of vitamin D from supplementation
or diet during pregnancy and its maternal morbidity affects. First, we performed a literature
search to identify publications eligible for inclusion in the PubMed and Embase databases.
The keywords included “pregnancy” OR “gestation” AND “vitamin D” AND “morbidity.”
The search was limited to human subjects and English and Spanish language articles
published between 2010 and May 2022. A total of 50 studies were recovered from PubMed,
15 were recovered from Cochrane, and 150 were recovered from Embase, for a total of 215.
In the first phase, duplicates were removed, and the reference lists of relevant publications
were searched for fresh research that fulfilled the inclusion requirements. Following the
first literature search, the reviewers examined the titles and abstracts to locate those that
fulfilled the selection criteria. These articles were assessed for eligibility, with the first
screening of the articles based on the information available in the abstract and results
sections of each study. The initial screening identified 34 candidate studies, of which 28 met
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the inclusion and exclusion criteria. The PRISMA flowchart (Figure 1) shows the number
of articles at each stage of the screening process.
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2.3. Study Inclusion/Exclusion Criteria and Data Extraction

The types of studies included in this review meet the following criteria: controlled
trials, both randomized and nonrandomized; prospective cohorts; case-control studies;
and systematic reviews looking at the effects of vitamin D on maternal morbidity. All
studies were longitudinal in nature and focused on how vitamin D levels in pregnancy
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were related to maternal morbidity. Specific inclusion/exclusion criteria were developed
for the selection of studies to be included in this work, and only published works that met
all the criteria were included for review. The selection criteria were the following:

1. Original research article or review (abstracts, case reports, ecological studies, and
comments were excluded)

2. Available in English and Spanish
3. Published between 2010 and May 2022
4. Study carried out on humans
5. Exposure of interest is vitamin D status or supplementation during pregnancy
6. Data on vitamin D or metabolite concentration in maternal blood during pregnancy

available
7. Main outcomes of interest are the incidence of maternal morbidity.

After a thorough assessment by all the authors of the candidate studies, 26 were
included in this review.

2.4. Data Extraction

The data for the present review were retrieved from the previous research articles
published earlier. The following data were extracted for the present study: (i) Study
characteristics: authors, location and year, type of study, and source of data collection;
(ii) sample size; (iii) primary outcome; (iv) findings (maternal morbidity & vitamin D
level) (Table 1). The relevant data of the reviews were also summarized in a second table,
including: (i) factors analyzed; (ii) gestational week when sample was collected; (iii) vitamin
D cutoff (blood sample nmol/L); (iv) vitamin D collected (serum or supplementation);
(v) average maternal age (Table 2).
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Table 1. Original studies that show vitamin D-related risk factors for maternal morbidity during pregnancy.

Author
Location,

Year(s) Study Type Data Source Sample Size Primary
Outcome Findings

SING&
NOS

LE GR

Rezende et al.,
2012 [50] Brazil Case-control;

observational

IRB at the
Faculty of

Medicine of
Ribeirao Preto,
University of

São Paulo

n = 529:
n = 154 (GH)
n = 162 (PE)

n = 213 (healthy)

PE and GH

Similar genotype distributions were found for the
3 VDR polymorphisms in both the PE and GH

groups compared with the HP group (all p > 0.05).
VDR haplotype frequency distribution was

similar in both the PE and GH groups compared
with the HP group (all p > 0.05).

2++ B 8

Lechtermann
et al., 2014 [51]

Northern
Hemisphere,

2005–2008

Cohort;
observational

Department of
Gynecology and

Obstetrics,
UK-Essen,

University of
Duisburg-Essen,

Germany

n = 63:
n = 20 (PE)

n = 43 (healthy)
PE

In patients with PE, vitamin D levels were lower
but differed significantly from the controls only in
the summer (18.21 ± 17.1 vs. 49.2 ± 29.2 ng/mL;
p < 0.001), whereas 1,25-(OH)2 vitamin D levels

were significantly lower only in the winter
(291 ± 217 vs. 612.3 ± 455 pmol/mL; p < 0.05). A

two-factorial ANOVA produced a statistically
significant model (p < 0.0001) with an effect of
season (p < 0.01) and PE (p = 0.01) on maternal

vitamin D levels, as well as a significant
interaction between the two variables (p = 0.02).

2++ B 8

Achkar et al.,
2015 [52] Canada, 2014 Nested

case-control

Canadian cohort
studies of
pregnant

women, Quebec
City, Nova
Scotia, and

Halifax,
2002–2010

n = 169 (PE)
n = 1975
(control)

PE

Women who developed PE had a significantly
lower vitamin D concentration (47.2 ± 17.7 vs.
52.3 ± 17.2 nmol/L; p < 0.0001). Women with

vitamin D <30 nmol/L, compared with those with
at least 50 nmol/L, had a greater risk of

developing PE (adjusted OR = 2.23; 95% CI,
1.29–3.83) after adjustment for pre-pregnancy

BMI, maternal age, smoking, parity, season and
year of blood collection, gestational week at blood

collection, and cohort site. An exploratory
analysis with cubic splines showed a

dose–response relationship between maternal
vitamin D and the risk of PE, up to levels

~50 nmol/L, where the association appears
to plateau.

2++ B 8
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Table 1. Cont.

Author
Location,

Year(s) Study Type Data Source Sample Size Primary
Outcome Findings

SING&
NOS

LE GR

Lawal et al.,
2016 [53] Nigeria, 2014 Case-control;

observational

Department of
Chemical

Pathology of the
tertiary health

care facility

n = 100 (GDM)
n = 100 (control) GDM

Overall mean values of plasma
25-hydroxycholecalciferol were

28.77 ± 12.42 ng/mL. Overall, 58% of subjects
had plasma 25-hydroxycholecalciferol levels
< 30 ng/mL. The proportion of cases with
vitamin D insufficiency was 62% (54% for

controls). The OR for GDM was 1.39 (95% CI,
0.79–2.44) and p = 0.3159.

2++ B 8

Mirzakhani
et al., 2016 [54] USA, 2009–2011

Randomized,
double-blind,

placebo-
controlled

clinical trial;
experimental

Boston
University

Medical Center;
Washington

University in St.
Louis, Missouri;

and Kaiser
Permanente

Southern
California

Region in San
Diego

n = 440 (4400 IU)
n = 436 (placebo

400 IU)
PE

No significant difference was found between the
treatment or control groups in terms of incidence
of PE (8.08% vs. 8.33%, respectively; relative risk:
0.97; 95% CI, 0.61–1.53). In a cohort analysis and
after adjustment for confounders, a significant

effect of sufficient vitamin D status (≥30 ng/mL
was observed in both early and late pregnancy
compared with insufficient levels (adjusted OR,

0.28; 95% CI, 0.10–0.96). The differential
expression of 348 vitamin D-associated genes
(158 upregulated) was found in the peripheral

blood of women who developed PE (FDR <0.05 in
the Vitamin D Antenatal Asthma Reduction Trial

[VDAART]; p < 0.05 in a replication cohort).

2++ B 8

Brodowski et al.,
2017 [55] Germany Cohort;

observational

Hannover
Medical Center

(Germany)

n = 12 (PE)
n = 13 (NC) PE

Vitamin D3 improved HUVEC function in neither
group. No effect of vitamin D3 on VEGF

expression was found.
2++ B 8

Accortt et al.,
2017 [56] USA, 2004–2016 Nested cohort;

observational

Community
Child Health

Network
n = 164 (cohort) PE and GDM

Serum vitamin D was significantly inversely
correlated with the AL index (Spearman’s

r = −0.247; p = 0.002).
2+ B 8
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Table 1. Cont.

Author
Location,

Year(s) Study Type Data Source Sample Size Primary
Outcome Findings

SING&
NOS

LE GR

Singla et al.,
2019 [57] India, 2017–2018

Prospective
comparative;
observational

Department of
Obstetrics and
Gynaecology,

Adesh Institute
of Medical

Sciences and
Research,
Bathinda,

Punjab

n = 60:
n = 30 (PE)
n = 30 (NC)

PE

Vitamin D deficiency was found in all
participants, but the mean vitamin D level was

significantly lower in the PE group (8.7 ± 5.32 vs.
14.2 ± 7.88 ng/mL, p < 0.05).

2++ B 8

Nandi et al.,
2020 [58] India Cross-sectional;

observational

Department of
Obstetrics and

Gynecology,
Bharati Medical

College and
Hospital, Pune

n = 50 (PE)
n = 69 (NC) PE

Vitamin D levels were lower (p < 0.01 for both) in
women with PE. PUFA levels were lower

(p < 0.05), whereas SFA and total MUFA were
higher (p < 0.05 for both) in women with PE. Cord
erythrocyte PUFA levels were higher (p < 0.01) in

PE women. Vitamin D levels were negatively
associated with maternal systolic and diastolic
blood pressure (p < 0.01 for both). Vitamin D
levels were positively associated with PUFA
(p < 0.01) and negatively associated with SFA

(p < 0.05), MUFA (p < 0.01).

2++ B 8

Rohr Thomsen
et al., 2020 [59]

Denmark,
1989–2010

Cohort;
observational

Aarhus Birth
Cohort at the

Department of
Gynecology and

Obstetrics,
Aarhus

University
Hospital

n = 50,665
(cohort) GH and PE

Seasonal variation was found for GH (p = 0.01),
PE (p = 0.001), and early-onset PE (p = 0.014).

Increased risk was observed when conceiving
during spring and early summer, peaking in

midsummer, and decreasing steadily during late
summer and fall to reach the nadir by winter.

2++ B 8
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Table 1. Cont.

Author
Location,

Year(s) Study Type Data Source Sample Size Primary
Outcome Findings

SING&
NOS

LE GR

Osman et al.,
2020 [60] Egypt, 2019 Case-control;

observational —

n = 200 (PE)
n = 100

(eclampsia)
n = 200 (NC)

Eclampsia and
PE

Mean vitamin D level was lower in the PE group
(14.8 ± 5.4 ng/mL) and the eclampsia group

(10.5 ± 1.6 ng/mL) than in the pregnant controls
(19.5 ± 6.5 ng/mL) (p = 0.002). The difference

was significant only between the eclampsia group
and the pregnant controls (p = 0.02). All eclampsia
cases had vitamin D insufficiency, compared with
17.5% of the PE group and 39.5% of the controls.
Deficiency of vitamin D (<12 ng/mL) was 47.5%
in the PE group, 80% in the eclampsia group, and

10.5% in the control group (p = 0.04).

2++ B 8

Nandi et al.,
2020 [61] India Cross-sectional

Department of
Obstetrics and

Gynecology,
Bharati Medical

College and
Hospital

n = 50 (PE)
n = 69 (NC) PE

Vitamin D deficiency increases oxidative stress
through alterations in one-carbon metabolism,
which can result in an imbalance in LCPUFA

metabolites and contribute to placental
inflammation and endothelial dysfunction in PE.

2+ C 8

Schoenmakers
et al., 2020 [62]

Sweden,
2013–2014

Nested
case-control;
retrospective

Antenatal care
units and

medical records

n = 1827 (cohort)
n = 30 (normo-

calcemic)

Hypercalcemia
crisis

Hypercalcemic women had a relatively high
serum 1,25(OH)2D concentration despite
appropriately suppressed PTH, which is

suggestive of abnormal gestational adaptations.
The prevalence of gestational hypercalcemia was

1.7% in the third trimester. Primary
hyperparathyroidism and vitamin D toxicity were

not found as main causes of hypercalcemia.

2+ C 8
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Table 1. Cont.

Author
Location,

Year(s) Study Type Data Source Sample Size Primary
Outcome Findings

SING&
NOS

LE GR

Olmos-Ortiz
et al., 2021 [63] Mexico Cross-sectional

Department of
Reproductive

Biology,
Instituto

Nacional de
Ciencias

Médicas y
Nutrición
Salvador
Zubirán

n = 48 (UTI)
n = 44 (normal

pregnancy)
UTIs and GH

Vitamin D deficiency might predispose women to
maternal cardiovascular risk and perinatal

infections, especially in male-carrying
pregnancies, probably owing to lower placental

CYP27B1 and cathelicidin expression. Strong
negative correlations were found between

calcitriol and maternal systolic and diastolic
blood pressure in the UTI cohort (p < 0.002).
Cathelicidin gene expression was positively

correlated with gestational age in the UTI cohort
and with newborn anthropometric parameters.

2+ C 8

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; 95% CI, 95% confidence interval; AL, allostatic load; ANOVA, analysis of variance; BMI, body mass index; CM, explant conditioned
media; FDR, Food & Drug Administration; GDM, gestational diabetes mellitus; GH, gestational hypertension; HP, healthy pregnant; HUVEC, human umbilical vein endothelial cells;
IRB, institutional review board; IUGR, intrauterine growth retardation; MUFA, monounsaturated fatty acids; NC, normotensive control; NOS, Newcastle–Ottawa Scale; OR, odds ratio;
PE, preeclampsia or preeclamptic; PTH, parathyroid hormone; PUFA, polyunsaturated fatty acids; RFLP, restriction fragment length polymorphism; SFA, saturated fatty acids; UTI,
urinary tract infection; UV, ultraviolet; VDR, vitamin D receptor; VEGF, vascular endothelial growth factor.
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Table 2. Vitamin D-related information in original studies that show vitamin D-related risk factors for maternal morbidity during pregnancy.

Author Factor Vitamin D Analysis
Time Assay Method Cutoff Values, nmol/L

in Blood Sample

25(OH)D Measured or
Vitamin D

Supplementation
Studied

Maternal Age

Rezende et al.,
2012 [61]

VDR polymorphisms
with PE or GH — Genotypes for FokI, ApaI, and BsmI

determined by RFLP — Serum sample 27–28

Lechtermann
et al., 2014 [59]

Season on maternal
vitamin D status and
placental vitamin D

metabolism

—
ELISA; 25(OH)D ELISA

(Immunodiagnostik, Bensheim,
Germany)

50 Serum sample 31–32

Achkar et al.,
2015 [60] PE and vitamin D status 20 weeks

Automated chemiluminescence
immunoassay (DiaSorin Liaison,

Stillwater, MN, USA)
75 Serum sample 25–>35

Lawal et al.,
2016 [58]

Vitamin D status and
GDM — Cobas e411 (Roche Diagnostics, GmbH)

analyzer 75 Serum sample 31.73

Mirzakhani et al.,
2016 [55]

PE and vitamin D
supplementation

Initiated between 10–18
weeks

Supplementation vitamin D study (4400
vs. 400 IU/day) 75 Supplementation

comparison 18–39

Brodowski et al.,
2017 [57]

Vitamin D status and its
relationship with
postpartum AL

Either 6 or 12 months
postpartum

Highly selective liquid
chromatography–tandem mass

spectrometry using Zrt laboratory
methods

50 Serum sample 27.8

Accortt et al.,
2017 [56]

PE and 1,25(OH)2
vitamin D3

Delivery LIAISON 25(OH) Vitamin D3 TOTAL
Assay (DiaSorin, USA) 50 Maternal and cord

serum sample 32.2

Singla et al.,
2019 [52] PE —

Immune fluorescence
assay test using a vitamin D kit on a

Tosho AIA 360 fully automatic
hormone analyzer

50 Serum sample 20–40

Nandi et al.,
2020 [51]

Maternal and cord
serum vitamin D levels

in women with PE
Delivery

EIA method using an AC-57SF1,
25-Hydroxy Vitamin D EIA kit
(AC-57SF1, IDS, Boldon, UK)

75 Maternal and cord
serum sample 18–35

Rohr Thomsen
et al., 2020 [54]

hypertensive disorders
and PE — No direct measurements — Serum sample <20–>35

Osman et al.,
2020 [62]

Hypertensive disorders
of pregnancy — 25(OH)D3/D2 Orgentec Diagnostika

ELISA Kit GmbH 50 Serum sample 20–35
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Table 2. Cont.

Author Factor Vitamin D Analysis
Time Assay Method Cutoff Values, nmol/L

in Blood Sample

25(OH)D Measured or
Vitamin D

Supplementation
Studied

Maternal Age

Nandi et al.,
2020 [53]

Maternal and cord
serum vitamin D levels

in women with PE
Delivery

ELISA
Serum TXB2 levels (Cayman Chemicals,
item No. 501020; Ann Arbor, MI, USA)

— Maternal and cord
serum sample 18–35

Schoenmakers
et al., 2020 [63]

Gestational
hypercalcemia

Pregnant women in
trimester 1 (before

gestational week 16) and
in trimester 3 (after

gestational week 31).

ELISA
Free vitamin D (DIASource

Immunoassays, Louvain-la Neuve,
Belgium)

30–50 Serum sample 33.2

Olmos-Ortiz
et al., 2021 [64]

Vitamin D3 (calcitriol
active metabolite)
involved in UTI

Delivery Quantitative chemiluminescent
immunoassay in the LIAISON platform 50 Serum sample —

Abbreviations: EIA, enzyme immunoassay; ELISA, enzyme-linked immunosorbent assay; IUGR, intrauterine growth retardation; GDM, gestational diabetes mellitus; GH, gestational
hypertension; PE, preeclampsia; RFLP, restriction fragment length polymorphism; UTI, urinary tract infection; VDR, vitamin D receptor.
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2.5. Study Quaity Assessment

The quality of the studies is assessed using the following tools: The Eight Star
Newcastle–Ottawa Scale (NOS) for observational studies (cohorts and case-controls) [47,48]
was used to evaluate the methodological quality—specifically, the risk of bias—of the origi-
nal studies. Assessment with the Newcastle–Ottawa Scale produces a score ranging from 0
to 9, with the overall score based on three sub-scores based on the subject selection (0–4),
the comparability of the subject (0–2), and the clinical outcome (0–3). The study assessment
was carried out independently by two individuals (NU and IPC), and discrepancies were
brought to a third individual (MMSV) if a compromise could not be reached among the
two original individuals after discussion.

Further assessment of the quality of the included studies was carried out using the
Scottish Intercollegiate Guidelines Network (SIGN) [49]. Using the SIGN ensures that
the validity—including key factors such as bias and confounding—of a study is robustly
assessed. The SIGN system in based on the principles of evidence-based medicine, an
approach that ensures the use of the most up-to-date, reliable, and scientifically solid
evidence available in making decisions about a particular situation being studied [64].

The SIGN system establishes levels of evidence and recommendations to describe a
given study and its results. The levels of evidence are based on the study design and the
methodological quality of individual studies and are scored from best to worst using the
numbers 1, 2, 3, and 4. These scores are further ranked using the ++, +, and—signs. The
grades of recommendation, rated from best to worst as A, B, C, and D, are based on the
strength of the evidence on which the recommendation is based, and they do not reflect the
clinical importance of the recommendation.

3. Results
3.1. Study Characteristics

Our search approach yielded up 215 studies identified through database searching; a
total of 14 original research studies and 13 review studies remained. After consideration, it
was decided to include only the 14 original studies in this review.

Considering the SIGN and NOS scores, the 14 original studies could be regarded as
good (high) quality. The important methodological features and the general characteristics
of all the review studies are summarized in Table 1. The chosen studies were analyzed
according to the design, location and year, source of data, sample size, factor, vitamin
D level assessment, and major findings. Meanwhile, the vitamin D analysis details and
vitamin D cutoff values of the included articles are listed in Table 2.

The studies were published between 2012 and 2021. The original research studies used
data from India [57,58,61], Denmark [59], the United States [54,56], Germany [55], Nige-
ria [53], the Northern Hemisphere [51], Canada [52], Brazil [50], Egypt [60], Sweden [62],
and Mexico [63]. The review research studies included data from Brazil, India, the United
States, Puerto Rico, Spain, Iran, and Australia [65–77].

All but six observational studies of vitamin D were conducted in high-income country
settings, and most populations had either a presumed risk or a high prevalence of deficiency
at baseline (Table 1). The dosing approaches and assay methods in the trials varied: one
trial contained multiple intervention arms testing the daily dietary intake of Vitamin D,
vitamin D supplementation, and the frequency of UV exposure in the first trimester, in the
second trimester, and at the time of delivery. One recent trial tested daily 4400 vs. 400 IU
D3. In other studies, the relationship between disease risks was evaluated by measuring
serum vitamin D levels with different assay methods (Table 2). This trial [65] showed that a
significant effect of sufficient vitamin D status (25OHD ≥ 30 ng/mL) was observed in both
early and late pregnancy compared with insufficient levels (25OHD < 30 ng/mL) (OR, 0.28;
95% CI, 0.10–0.96).

Vitamin D supplementation appeared to improve maternal vitamin D levels in the
two trials for which data were available [65]. In addition, the results of trials by Christine
Rohr Thomsen indicate a seasonal variation effect of the risk of gestational hypertension
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(p = 0.01), PE (p = 0.001), and early-onset PE (p = 0.014) [51,59]. Women with an estimated
date of conception in June had the highest risk of preeclampsia, while women with an
estimated date of conception in August had the highest risk of gestational hypertension.

Observational studies of vitamin D status during pregnancy and the risk of pre-
eclampsia have not shown consistent associations. Vitamin D levels were lower (p < 0.01)
in women with PE [50–52,57,58,60,61]. The investigators of a study from the USA [54]
observed that vitamin D supplementation initiated in weeks 10–18 of pregnancy did not
reduce preeclampsia incidence in the intention-to-treat paradigm. However, vitamin D
levels of 30 ng/mL or higher at trial entry and in late pregnancy were associated with
a lower risk of preeclampsia (8.08% vs. 8.33%, respectively; relative risk: 0.97; 95% CI,
0.61–1.53). A nested case control study from North Carolina reported that women with
vitamin D levels <50 nmol/L had a nearly fourfold greater risk of severe preeclampsia
compared with those with levels ≥ 75 nmol/L [78]. In contrast, a nested case-control study
in Massachusetts found no statistically significant differences in the risk of pre-eclampsia
for women with vitamin D levels < 37.5 nmol/L (AOR 1.35 [0.40, 4.50]) [71]. Another
prospective cohort study of pregnancies at a high risk for pre-eclampsia in Canada found
no effect of vitamin D during early pregnancy on pre-eclampsia risk [72].

A group of studies relate the vitamin D status with the alteration of different metabolic
pathways such as carbon and peptide metabolism. The imbalance of long-chain polyunsatu-
rated fatty acid metabolites produced by a vitamin D deficiency contributes to inflammation
and endothelial dysfunction [61]. This deficiency also contributes to a low antimicrobial
peptide metabolism [63], resulting in several urinary infections.

3.2. Original Research Studies

Nandi and colleagues [58] published a cross-sectional study in 2019. The study
included 119 pregnant women (69 normotensive controls [NC] and 50 women with PE).
The women with PE had lower maternal and cord serum vitamin D levels (p < 0.01 for
both) than the NC women. A total of 94% of women in the PE group and 76% in the NC
group were deficient in maternal vitamin D levels, while for cord vitamin D levels, 98% of
women with PE and 85.2% of NC women were deficient. In 2020, this group reported [61]
how the imbalance in the long-chain polyunsaturated fatty acid (LCPUFA) metabolites
derived from vitamin D deficiency contributes to placental inflammation and endothelial
dysfunction in PE.

Rohr Thomsen and colleagues [59] published a cohort study based on data from the
Aarhus Birth Cohort (ABC). Of the 50,665 women included, 4285 (8.5%) were diagnosed
with a hypertensive disorder of pregnancy, 1999 (3.9%) were diagnosed with PE, and 2386
were diagnosed (4.7%) with gestational hypertension (GH). The hypertensive disorders of
pregnancy, including GH, PE, and early-onset PE, increased the risk for women conceiving
during spring and early summer, peaking in midsummer, and later decreasing steadily
during late summer and fall to reach the nadir by winter. Seasonal variation was found
for GH (p = 0.01), PE (p = 0.001) and early-onset PE (p = 0.01). In another prospective
comparative study [68], a significant negative correlation was observed between vitamin D
and systolic and diastolic blood pressure in the PE group (p < 0.05), whereas no significant
correlation was observed between vitamin D and systolic/diastolic blood pressure in the
control group. The mean vitamin D level was significantly lower in the PE group than that
in the control group (9 ± 5 and 14 ± 8 ng/mL, respectively), with a statistically significant
p < 0.05. A vitamin D level < 5 ng/mL was associated with a 14.58-fold (95% CI; 12.16–17.55)
increase in the odds ratio of PE, whereas a vitamin D level of 5–10 ng/mL was associated
with an 11.42-fold (95% CI; 8.26–13.6) increase in the odds ratio of PE.

In 2017, Accortt and colleagues [56] found an association between a higher postpartum
allostatic load and an index of multisystem physiological wear and tear, operationalizing
emergent chronic disease risk and predicting morbidity and vitamin D. Adding vitamin
D deficiency to the allostatic load index produced a stronger association with adverse
outcome. Brodowski and colleagues [55] assessed the effect of vitamin D supplementation
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(4400 vs. 400 IU/day) initiated early in pregnancy (10–18 weeks) on the development of
PE. When started at weeks 10–18 of pregnancy, vitamin D supplementation did not reduce
the incidence of PE. However, vitamin D levels of ≥30 ng/mL at trial entry and in late
pregnancy were associated with a lower risk of PE.

Lawal and colleagues [53] showed that no relationship exists between vitamin D
deficiency and GDM. That case-control study had 200 pregnant women; the proportion
of cases (n = 100) and controls (n = 100) with vitamin D insufficiency was 62% and 54%,
respectively. Lechtermann and colleagues [51] indicated that patients with PE had lower
serum levels of vitamin D in response to seasonal changes.

In 2020, Schoenmakers and colleagues [62] found a correlation between a relatively
high concentration of 1,2(OH)2D and hypercalcemia in pregnant women during the third
trimester. The retrospective and explorative study investigated the prevalence of hypercal-
cemia in a cohort of 2121 women—1827 screened for hypercalcemia in T3. The prevalence
was 1.7% higher than that in the general population.

Olmos-Ortiz and colleagues suggest [64] cardiovascular risk and perinatal infections
due to vitamin D3 (calcitriol) deficiency, especially in male-carrying pregnancies due to the
lower calcitriol-activating enzyme. The placental calcitriol was significantly elevated in
women with urinary tract infections, and it was negatively correlated with blood pressure.
Regarding newborns’ sex, the calcitriol-activating enzyme showed a higher expression in
female-carrying mothers.

The level of evidence is relatively high—2++ or 2+, according to SIGN, which belong
to a great level of recommendation: B. The systematic review about the importance of the
maintenance of a good level of vitamin D could be used as a recommendation guide in the
studied population: pregnant women.

4. Discussion

Overall, this systematic review suggests that maternal low levels of vitamin D during
pregnancy lead to a greater risk of gestational diabetes, preeclampsia, early labor, and
other complications. However, due to the variability in numerous elements of the study
design (e.g., vitamin D assessment methods, pregnant mobility assessment methods, and
the timing of the data collection), it remains a challenge to synthesize the findings. This
data suggest that low maternal vitamin D appears to have a negative impact or detrimental
impact on the health status of pregnant women, which is an important conclusion that
prevents many women from getting adequate nutrition with the adequate support of
vitamin D, and it is not possible to use supplementation during the pregnancy period.

Recently, vitamin D has been recognized as interacting with a nuclear receptor in
various organs [71–76]. Vitamin D deficiency is associated with increased risks of morbidity
and mortality in cardiovascular, malignant, and autoimmune diseases [72,77,78]. In recent
years, the interest in the consequences of maternal vitamin D deficiency and its effect
on pregnancy has increased. Vitamin D insufficiency is considered common in pregnant
women, and deficiencies have been linked to adverse pregnancy outcomes [78–80].

Considering whether prenatal vitamin D deficiency is associated with maternal mor-
bidity seems reasonable. The findings from several studies suggest an increasing prevalence
of vitamin D deficiency in pregnancy and its associated adverse outcomes [81–85]. To fur-
ther understand the role of vitamin D in pregnancy and the seemingly associated adverse
outcomes, interventional and observational studies are needed.

Furthermore, a current systematic review described the overall mean prevalence rates
of vitamin D deficiency in pregnant women and newborns as 54% and 75%, respectively [86].
In postpartum periods, the prevalence of vitamin D deficiency in women is also high:
63% [86,87]. Although evidence points to the high prevalence of deficiency, there exist
strategies to raise maternal vitamin D concentrations, including supplementation, advice
for sun exposure (15–20% of the body surface area), and the intake of vitamin D–fortified
foods. The vitamin D status during pregnancy varies around the world as a function of
maternal sunlight exposure, the degree of skin pigmentation, latitude, lifestyle, BMI, and
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the intake of vitamin D supplements. People with darker skin pigmentation and limited
sunlight exposure are at the greatest risk for deficiency [88].

Supplement intake can also play an important role in improving vitamin D status
among pregnant women. Taking vitamin D-enriched food and supplements can be advised
in order to maintain optimum serum levels during pregnancy. The recommendations for
vitamin D intake during pregnancy range from 200 to 4000 IU/day worldwide. The current
WHO guideline recommends 200 IU/day of vitamin D supplement intake among pregnant
women with vitamin D deficiency in order to reduce the risk of PE, a low birth weight,
and a preterm birth [89]. The American Pregnancy Association recommends 100 µg/day
of vitamin D intake, a considerably larger amount of vitamin D than the recommended
intake of 10 µg/day for women [90]. In China, a daily intake of 600 IU is suggested
during pregnancy [91]. In the United Kingdom, it is advised to have a maternal vitamin D
intake of 400 IU/day. The United Kingdom Health Department provides free vitamin D
supplementation to pregnant women and newborn children [92]. Switzerland follows the
Institute of Medicine-recommended nutrient intake: 1500–2000 IU/day for women at risk
of vitamin D deficiency and 600 IU for women without such risk [93]. In Canada, pregnant
women are suggested to take 400–600 IU/day [94]. In Turkey, free supplementation of
vitamin D (1200 IU/day) is provided to all women from early pregnancy to 6 months after
delivery [95]. A similar approach to vitamin D supplementation (400 IU/day) is followed
in New Zealand for pregnant women identified as being at risk of vitamin D deficiency [96].
Meanwhile, for women not at risk, the ministry of health of New Zealand recommends
200 IU/day [97–99].

After many years of study, researchers at the Medical University of South Carolina
College of Medicine suggested 4000 IU/day of vitamin D for pregnant women. The findings
suggest that, starting at 12–16 weeks of gestation, vitamin D supplementation at a rate
of 4000 IU/day is most effective in achieving vitamin D sufficiency in order to attain an
optimal nutritional and hormonal vitamin D status throughout pregnancy [88]. A treatment
(<37 weeks) goal > 40 ng/mL was associated with a reduction in preterm birth risk [31].

Further, no trials or observational studies specifically regarding vitamin D supplemen-
tation/intake and maternal morbidity during pregnancy were identified. Nevertheless,
vitamin D requirements are higher among pregnant women, and maintaining optimum
serum levels of vitamin D during maternity and for fetus growth is important. Adequate
levels of vitamin D seem to be a determinant at the time of implantation and placentation
for the development of preeclampsia. There is not a consensus regarding the vitamin D
blood concentration value that predisposes women to maternal morbidity; hence, is not
easy to recommend a specific supplementation treatment. The present systematic review
lacks the experimental data needed to establish a general cutoff value of vitamin D in
order to settle how important it could be to improving the maternal diet with vitamin D
supplements. Further exploration of vitamin D’s role in pregnancy and its potential role in
maternal morbidity would be worthwhile, including maternal age and sexual dimorphism.

5. Strengths and Limitations of This Review

This study has limitations. First, there were limited data on maternal vitamin D supple-
mentation during pregnancy regarding long-term outcomes. Second, the studies included
here show significant methodological differences, which problematizes the obtention of a
consensus on the evidence currently available on the relationship between vitamin D and
maternal morbidity during pregnancy. In addition, we may not have been able to access
all publications on the relationship between vitamin D and maternal morbidity during
pregnancy because the area of analysis is limited to studies that are published in English
and Spanish and that are available through the PubMed, Cochrane, and Embase databases.

6. Conclusions

Despite the inherent limitations discussed above that limit the ability to draw conclu-
sions across studies, some important findings were noted. Collectively, the studies suggest
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that appropriate levels of vitamin D during pregnancy are associated with less mobility
during pregnancy. Pregnant women should be counselled to maintain an adequate intake
of vitamin D, with suitable nutritional support to adequately control their levels. In this
systematic review of the literature, we found evidence relating vitamin D to maternal
morbidity-related outcomes. However, well-designed, randomized vitamin D supplemen-
tation trials in pregnant women carried out to determine the optimal vitamin D status and
dosing and evaluate the potential effectiveness of supplementation with respect to the risk
of maternal morbidity are still greatly needed.
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