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ABSTRACT

Objective: To identify the effects of vitamin D supplementation
during pregnancy on newborns and infants.

Data sources: The present study is an integrative review of
literature based on clinical trials published in journals indexed in
the PubMed and Web of Science databases. Two searches were
carried out, starting with the association (and) of the health
term “vitamin D" with “pregnancy”. In the search forinformation,
selection criteria were established, and there was no language
limitation and year of publication.

Data synthesis: The final selection resulted in 44 clinical trials,
most of which were randomized and double blind, which were
carried out in outpatient clinics, referral hospitals and universities,
mainly in Europe. The samples studied were predominantly
of newborns. In these 44 trials, 23 types of different doses of
vitamin D during pregnancy, with different doses, regimens
and times of use, and 14 different outcomes were studied in
newborns (NB) and infants. Of the 44 studies performed, 35
showed statistically significant beneficial effects of vitamin D
supplementation during pregnancy on newborns and infants
compared to control groups.

Conclusions: Vitamin D supplementation during pregnancy
for at least three months before delivery has the potential
of positively influencing calcium metabolism, physical growth
and immune system development in newborns and infants.
However, there is insufficient knowledge to define the optimal
dose and to guarantee the absence of possible long-term
adverse effects.

Keywords: Vitamin D; Pregnancy; Infant, newborn; Infant; Dietary
supplements.

RESUMO

Objetivo: Identificar os efeitos da suplementagdo de vitamina D
durante a gestacdo no recém-nascido e lactente.

Fontes de dados: Revisdo integrativa da literatura baseada em
ensaios clinicos publicados em revistas indexadas nas bases de
dados PubMed e Web of Science. Foi realizada uma busca em
cada base de dados, que partiu da associacdo (and) dos descritores
de salde vitamin D e pregnancy. Na busca pelas informacoes,
foram estabelecidos critérios de selecdo e ndo houve limitacao
de idioma nem de ano de publicacao.

Sintese de dados: A selecao final resultou em 44 ensaios clinicos—
a maioria randomizada e duplo-cego —, que foram realizados em
ambulatérios, hospitais de referéncia e universidades sobretudo
da Europa. As amostras estudadas foram predominantemente de
recém-nascidos. Nesses 44 ensaios, foram testadas 23 formas de
suplementacédo de vitamina D na gestacdo, com diferentes doses,
regimes e tempos de uso, e estudaram-se 14 desfechos diferentes
nos recém-nascidos e lactentes. Dos 44 estudos, 35 demonstraram
efeitos benéficos da suplementacdo de vitamina D durante a
gestacao nos recém-nascidos e lactentes de forma estatisticamente
significante, quando comparados aos do grupo controle.
Conclusdes: A suplementacao de vitamina D na gestacao, por no
minimo trés meses antes do parto, potencialmente influencia de
forma positiva o metabolismo do célcio, o crescimento fisico e
o desenvolvimento do sistema imunoldgico dos recém-nascidos
e lactentes, entretanto ndo ha conhecimento suficiente para
a definicdo da dose ideal nem para garantir a inexisténcia de
possiveis efeitos adversos em longo prazo.

Palavras-chave: Vitamina D; Gestacdo; Recém-nascido; Lactente;
Suplementos naturais.
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INTRODUCTION

Vitamin D is a hormone that acts on bone metabolism and
on the functioning of the immune, respiratory, endocrine,
and cardiovascular systems." It can be obtained with endoge-
nous synthesis and with a diet rich in foods such as fatty fish
(for example, tuna and salmon), which contain cholecalciferol
(vitamin D3), and plants and fungi, which have ergocalciferol
(vitamin D2)."? The human body has sun exposure as its main
source of synthesis (vitamin D3) and, to a lesser extent, food
(vitamins D3 and D2).

Sun exposure allows 7-dehydrocholesterol, synthesized by
cholesterol,? located in the bilipid layers of cell membranes of
epidermis, when receiving ultraviolet B (UVB) radiation, to pro-
mote the relocation of electrons in carbons 9 and 10 of ring B,
causing its opening.! This new molecule conformation is called
pre-vitamin D3, which, being unstable, undergoes isomeriza-
tion promoted by heat, resulting in the creation of vitamin D3.!

Cholecalciferol undergoes changes until it reaches its active
form. First, it is transported to the liver, undergoing the first
hydroxylation at carbon 25, by the enzyme 25-hydroxylase,
transforming into 25(OH)D, an inactive form abundantly
found in bloodstream. The second hydroxylation occurs in
the kidney, with the action of the 1a-hydroxylase enzyme,
transforming into 1.25(OH),D, metabolically active form.'

Vitamin D deficiency and insufficiency is a worldwide
public health problem that affects about one billion people of
all ages, genders, and geographic regions of the world.*# This
deficiency is highly prevalent, especially in risk groups, such
as pregnant women and children.?

The prevalence of vitamin D deficiency and insufficiency
during pregnancy can reach 96 and 99.4%, respectively.”® These
proportions have been associated to pregnancy-specific hyper-
tensive disease, gestational diabetes mellitus, cesarean deliv-
ery, infectious diseases, and premature childbirth.” For their
descendants, there is an association between this deficiency
and restricted intrauterine growth, type 1 diabetes mellitus,
asthma, and inflammatory disorders.! In infants, vitamin D
deficiency is also common in several countries, whose preva-
lence reaches about 50-70% of them in the United States and
60% in Brazil.”

Adequate levels of vitamin D (25(OH)D) are considered
to be above 30 ng/mL (75 nmol/L), for insufficiency, between
21-29 ng/mL (51-74 nmol/L), and, for deficiency, concen-
trations under 20 ng/mL (50 nmol/L).’

Studies have linked 25(OH)D supplementation to benefits
to pregnancy and the fetus, such as reduced risk of infection,
decreased risk of small newborns for gestational age, asthma,
sepsis, and prematurity.” Despite research showing benefits of

vitamin D supplementation during pregnancy, the results are not

unanimous and there is no comparison of the methods used by
each of them, which limits the routine recommendation of this
supplementation by the World Health Organization.® Specifically
in Brazil, there are no representative population data to justify
preventive vitamin D supplementation for all pregnant women,
despite being considered a developing country, and the existence
of regional studies that show low consumption and high preva-
lence of vitamin D deficiency/insufficiency in pregnant women.”

Thus, the aim of the present study was to identify the effects
of vitamin D supplementation during pregnancy on health

outcomes of newborns and infants.

METHOD

The present study is an integrative review’ and followed the
guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyzes (PRISMA) (htep://www.pris-
ma-statement.org) for the selection of scientific articles. The
search for information of interest was carried out in the inter-
national databases PubMed and Web of Science, in which arti-
cles were selected until December 2019, in order to identify
the studies that evaluated vitamin D supplementation during
pregnancy and their effects on newborns (NBs) and infants.

Inclusion criteria for articles were the appearance in searches
according to the terms used, and the assessment of newborns
and infants. In addition to the duplicity between the searches
carried out, exclusion criteria were included in the study
selection process: research that did not supplement pregnant
women, observational designs, review articles, duplicate arti-
cles between the bases, letters to the editor, editorial materials,
meeting abstracts, articles procedures, comments, research that
supplemented multiple nutrients, case reports, editorial notes,
and research in non-humans. Besides that, articles that did not
assess the effects of vitamin D supplementation on pregnancy
in newborns and infants were excluded.

Thus, in the PubMed database, the terms of the Medical
Subject Headings (MeSH) vitamin D and pregnancy (vitamin D
and pregnancy) were used, with 2,828 articles found. By using
the filters age for age was born 23 months ago and clinical trial
(infant birth-23 months and clinical trial), the publications
found were reduced to 80 articles (Figure 1).

In the Web of Science database, the words vitamin D and
pregnancy (vitamin D and pregnancy) were used, with 3,894
articles found. After this stage, three different strategies were
carried out:

Use of the filter pediatrics, which generated 333 articles.

¢ Addition of the infant term, generating 778 articles

* Addition of the infant, newborn, term with the gener-

ation of 166 more articles.
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Figure 1 Flowchart of the integrative review process.

Thus, the total was 1,277 articles. Of these, 28 studies
that appeared in more than one of the three strategies were
excluded (Figure 1).

At this stage, searches in the two databases resulted in the
initial selection of 1,329 searches, which were evaluated for
their methodological characteristics.

The selection of articles was made by two reviewers, inde-
pendently, from the search in the databases to the reading and
selection of titles, abstracts, and articles in full. At the end of
each selection stage, disagreements were decided by consen-
sus between both professionals. Of the 1,329 studies, 31 were

excluded from PubMed and 1,027 from Web of Science, as
they did not meet the established methodological criteria,
resulting in 271 articles.

In the eligibility stage, these 271 articles were assessed for
the existence of content of interest (evaluation of the effects of
vitamin D supplementation during pregnancy on newborns
and infants). Those who did not have information to answer
the research question were excluded (19 from PubMed and
208 from Web of Science).

Finally, 44 articles were included in the review to compare and

interpret their results. Figure 1 shows the article selection process.
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RESULTS

The method used to search for information of interest resulted
in 44 randomized clinical trials. These studies were carried out
between the years 1980 to 2019, involving 10,401 pregnant
women with an average vitamin D supplementation time of
19 weeks and were carried out in outpatient clinics, referral
hospitals, and universities in 15 different countries worldwide.

The reference levels of vitamin D concentrations used in
most studies were in accordance with the guidelines of the
Brazilian Society of Endocrinology and Metabology (,° defined
as sufficiency>30 ng/mL (75 nmol/L), insufficiency between 20
and 29 ng/mL (50 and 74 nmol/L), and deficiency<20 ng/mL
(50 nmol/L).> A total of 23 forms of vitamin D supplementa-
tion during pregnancy were studied, with different doses, regi-
mens, and times of use. Doses ranged from 200 to 200,000 IU
of vitamin D, averaging approximately 1,750 IU/day, 30,700
[U/week, 60,000 IU/month, 111,500 IU/single dose, 85,000
IU/two doses, and 120,000 IU/four doses.

The studies evaluated the effect of vitamin D supplemen-
tation during pregnancy on 14 health outcomes in newborns
and infants: length, weight, and head circumference at birth
(nine studies),'%!® vitamin D concentration (22 studies),'®*’
calcium concentration, bone and dental health (seven stud-

ies), #8394 respiratory disease and wheezing (respiratory tract

),4448 use of health services (one study),

infections) (five studies
DNA methylation (two studies),”*° genetic variations of vita-
min D-binding protein (one study), 51 insulin-like growth
factor (IGF) at birth (one study)*?, and instestinal microbiota
(one study).”® The studied samples were predominantly com-
posed of newborns.

Of the 44 trials selected, vitamin D supplementation during
pregnancy showed a statistically significant association with at
least one of the outcomes assessed in 35 studies,!>16-2224-4244-48,50-53
In relation to anthropometric outcomes, the effects were: greater
length,'®'8 weight'® and head circumference at birth', and
greater linear growth in the first year of life."

The doses of 1,000 to 4,000 IU/day, 14,000 to 35,000 U/
week, and 50,000 IU/month of vitamin D3 were identified as
the minimum necessary to ensure adequate concentrations of
vitamin D in early childhood.!2%-3!:33-36.38,53

Regarding the calcium concentration and bone pattern,
doses of 50,000 IU/week in deficient pregnant women resulted
in adequate calcium concentrations in newborns. In addition,
they guaranteed plasma concentrations of 25(OH)D above
20 ng/mL in the umbilical cord without inducing hypercal-
cemia.'”?** The study that evaluated tooth enamel and car-
ies did not show statistically significant results.”® Three studies
supplemented vitamin D with calcium during pregnancy. In
one of them, calcium did not interfere in their results,’ but

in the other studies, this combined supplementation resulted
in greater adequacy of anthropometric measurements.'>'®'¢
Supplementation of vitamin D isolated during pregnancy did
not influence the bone patterns of newborns.!#40-42

Some studies have associated maternal vitamin D supple-
mentation to respiratory diseases.***” Grant et al. showed an
association with the reduction in the proportion of children
sensitized to mites at 18 months of age.” Another research car-
ried out in 2015 showed an association with the reduction in
the number of primary care consultations for acute respiratory
infection during early childhood,* and Mirzakhani et al. indi-
cated an association with lower risk of wheezing in childhood.?

More specifically, two studies evaluated the association of
vitamin D supplementation during pregnancy with a concen-
tration of 25(OH)D in newborns by group of mothers, accord-
ing to genetic variations of vitamin D transporter.!

Finally, a recent investigation found that vitamin D supple-
mentation during pregnancy at a dose of 3,800 IU/day showed
epigenetic alteration (DNA methylation in cytosine-guanine
dinucleotides — CpGs) in breastfed newborns aged 4 to 6
weeks of age , in which genes that underwent methylation
alterations were associated to collagen metabolic processes and
regulation of apoptosis.*

Regarding interventions tested in the 44 tri-
als, seven started vitamin D supplementation in the
first trimester of pregnancy,'®37:3%475153 21 in the sec-
Ond,13,15-17,22,25,26,28,29,3l-33,36,40-43,46,48,50,52 and 16 in thC third.lo-
12:1419:21,25,24,50,34.35.39444549 The studies that started supplementation
in the first trimester found a statistically significant difference
in weight,'® height,'® fontanelle size,'® vitamin D2 concentra-
tion,”¥38! and wheezing in the first year of life.*’ Studies that
initiated supplementation in the second trimester showed sta-
tistically significant differences between groups, related to the
outcomes of vitamin D concentration,???>26:28:29:31-33,36 o ne
health, "2 anthropometry,'®'” and risk of persistent wheezing.*
In turn, research on supplementation from the third trimester
onwards resulted in statistically significant differences regarding

19-21,24,30,34,35

the outcomes of vitamin D concentration, calcium

concentration,” and respiratory infections.*%

On the other hand, two of the selected studies showed
results of adverse events: one of them found maternal hyper-
calcemia,” and the other, neonatal hypercalcemia.*’

The year of publication, the methodological characteristics
and the main results of the 44 selected studies are described in
Tables 1, 2 and 3, which were organized according to the dif-
ferent outcomes studied: effect of vitamin D supplementation
on concentrations of 25(OH)D (Table 1), growth and bone
pattern (Table 2), and other clinical and laboratory outcomes

in the child (Table 3).
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Vitamin D supplementation during pregnancy

DISCUSSION

In the 44 clinical trials included in the present review, 23 forms
of vitamin D supplementation during pregnancy were studied,
with varying moments, doses, regimens and times of use, and
14 different types of outcomes in children. Of these studies,
35 demonstrated benefits of this supplementation for children,
when compared to the control group.

Although all studies are randomized clinical trials, several
methods were used, regarding sample, type and dose of vita-
min D, gestational period, intervention time, and outcome
measured. The dosage of 2,000 1U/day of vitamin D3 was the
most used and the one that most resulted in statistically signifi-
cant differences in the studied outcomes. !42527:30:31:33.34.37.38.44.45.51

The present study was an integrative review and was based
on a careful and sensitive methodology of searching for infor-
mation of interest in two databases of recognized quality of sci-
entific knowledge production.’ The strategy started by crossing
health terms, which minimizes the loss of research that studied
the topic. In addition, the choice of clinical trials, which are
the ideal study design for identifying the effects of interven-
tions, enabled the interpretation of findings with less influence
from possible confounding factors.” Although two databases
of worldwide scope composed of high impact journals were
included, other studies published in journals indexed in other
databases were not included here.

Of the analyzed articles, most part supplemented vitamin
D durlng the Secondl3,15-17,22,25,26,28,29,31-33,3(),40-43,46,48,5(),52 and the
third10—12,14,19—21,23,24,30,34,35,39,44,45,49 trimester Of pregnancy, thus
finding positive associations with their outcomes. This fact can
be explained by the greater transfer of 25(OH)D to the fetus
via the transplacental route in the last months of pregnancy,
which is the main source of this vitamin to newborns in their
first months of life.” In addition, the placenta contains a vita-
min D receptor and produces the enzyme 10o-hydroxylase,
which converts 25(OH)D to its active form and, consequently,
increases the supply of vitamin D to the fetus.”

Most studies administered vitamin D3 because, as already
known, vitamin D molecules (D2 and D3) differ not only in
plant and animal origin/sun exposure, respectively, but in that
they have differences in their structure — vitamin D2 has one
more carbon (28 carbons) than vitamin D3, an extra methyl
group and a double bond between carbons 22 and 23. Vitamin
D2 also presents only one third to half of the biological potency
of vitamin D3 to be converted into 25(OH)D.! Therefore, vita-
min D3 was the main choice of supplementation administra-
tion among the trials. Mothers are the only source of vitamin
D for their fetuses during pregnancy, which is made available
by the placenta, the most important extrarenal site for convert-
ing 25(OH)D into 1.25(0OH),D in pregnant women, by the

high activity of the 10a-hydroxylase enzyme. Therefore, mater-
nal and fetal concentrations are directly related.?

Of the analyzed outcomes, the concentration of vitamin
D in newborns was the most studied. All 23 selected studies
that evaluated this outcome'®3*° showed concentrations of
25(OH)D of cord significantly higher than those of the con-
trol groups, with no contradictions regarding the benefit of
vitamin D supplementation during pregnancy, even with dif-
ferent times, doses, regimens, and time of use. Most of these
studies tested a dose of 2,000 IU per day,?¢-2#30-31:33:343738 by¢
others used smaller daily or weekly, monthly and single doses.
Despite the positive results with different times and regimens
of use, daily doses of at least 1,000 IU were effective in increas-
ing the concentrations of 25(OH)D in newborns. Specifically,
the study that included 119 pregnant women from Mongolia
demonstrated that daily doses of 2,000 and 4,000 IU, from the
second trimester, were not only sufficient to achieve adequate
concentrations of vitamin D in mothers and their newborns,
but also safe.?® Such evidence shows that the most cost-effec-
tive daily dose of vitamin D supplementation during pregnancy
should not exceed 4,000 IU.

Of the studies that analyzed growth and bone pat-
terns,'>'#193%41 four of them evaluated calcium concentra-
tions, and weekly doses of 35,000 to 50,000 IU of vitamin
D during pregnancy were needed to achieve the highest con-
centrations in newborns in the intervention group compared

to the control. 822243

In one of the studies, pregnant women
with vitamin D deficiency participated, and they also received
calcium supplementation.”

As to bone patterns, four studies analyzed bone density or

mineral content,!440-4

and maternal vitamin D supplemen-
tation did not influence these outcomes in the newborns or
infants studied. In addition, of the eight studies that examined
anthropometric indices at birth,'!” only one of them'® found
greater length, head circumference, and weight in the group
that received vitamin D supplementation during pregnancy.
Such difference may be related to the fact that this was the only
study that supplemented vitamin D associated with calcium in
pregnant women with vitamin D deficiency, using a high dose
(50,000 IU per week for eight weeks).

These findings suggest that vitamin D supplementation
during pregnancy to improve bone pattern of newborns poten-
tially benefits only pregnant women with vitamin D deficiency
and those with the need for adequate calcium consumption.
This finding corroborates the final message of a systematic
review that included 76 studies, compared concentrations of
vitamin D during pregnancy and outcomes in newborns, and
concluded that evidence was insufficient to recommend rou-

tine supplementation for pregnant women.”
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Vitamin D plays a skeletal role, requiring higher concen-
trations of calcium to promote the appropriate bone pattern. It
also participates in skeletal metabolism, promoting bone min-
eralization and renal reabsorption of calcium and phosphorus.
By reducing blood calcium concentrations, there is an increase
in parathyroid hormone (PTH) synthesis and renal production
of 1.25(OH),D. During pregnancy, plasma calcium concen-
trations increase, due to the greater need for calcium for fetal
skeletal development, with the production of 1.25(OH),D by
the placenta and the action of its vitamin D receptor (VDR),
which does not depend on PTH,” justifying the increased need
for calcium in this period.

Studies that evaluated acute respiratory infection and sen-
sitivity to aeroallergens found lower frequencies of these events
associated to vitamin D supplementation during pregnancy,
which can indicate and reinforce the immunomodulatory effect
of this micronutrient. Vitamin D stimulates most immune
cells, making them capable of promoting this effect.* Its sup-
plementation during pregnancy is linked to decreased risk of
sepsis in newborns, which can be explained by the increase in
LL-37 catelicidin levels (antimicrobials), as shown by Turkish
and Danish studies with infants who had early-onset neonatal
sepsis and deficiency in postpartum vitamin D levels.” Moreover,
the Vitamin D Antenatal Asthma Reduction Trial (VDAART),
in the United States, demonstrated that supplementation of
4,000 IU/day of vitamin D3 reduced the incidence of wheez-
ing in newborns.? Such findings corroborate the results of the
studies selected in this review: vitamin D supplementation
during pregnancy positively regulated airways’ immune profile.

The actions of 1.25(OH),D are mediated by its VDR,
encoded by the gene of the same name VDR (gene ID 7421),
which is present in almost all human cells and participates in
the protein synthesis of about 5 to 10 % of the human genome,
which can promote hereditary changes in gene expression that
are not mediated by changes in the DNA sequence, a phenom-
enon known as epigenetics.” In this context, vitamin D sup-
plementation in pregnancy altered the methylation of cyto-
sine-guanine dinucleotides, which may associate with collagen
metabolic processes and the regulation of apoptosis. Studies
show that vitamin D deficiency during pregnancy alters epi-
genetics and gene expression, contributing to complications
during pregnancy and regarding the baby.** Hollis et al. found
that vitamin D supplementation during pregnancy at doses that
ensure that plasma concentrations of 25 (OH) D reach 40 ng/
mL children is related to epigenetic regulation, but with no
results on the effects on clinical events of this long-term sup-
plementation in children.!

We identified only one study that evaluated the effect
of daily supplementation of 4,000 IU of vitamin D on the

intestinal microbiota, showing quantitative changes in some
bacteria. Despite the change in microbiota composition and
the biological plausibility pointed out by the authors, it is too
early to consider the beneficial effect of this supplementation
in the long term.”

During pregnancy, physiological changes occur, such as the
increase in plasma volume, which begins in the first trimes-
ter and persists until delivery.”® This hemodilution occurs in
disproportion to the erythrocyte volume even with adequate
nutritional reserves, which results in changes in the needs of
vitamins and minerals.*

Another point that influences the physiological changes of
pregnancy and modifies the micronutrient needs is the affinity
with plasma proteins. Vitamin D may be free, bound to albu-
min and, more often, vitamin D-binding protein (VDBP).
VDBP concentrations influence the availability of 25(OH)D;
linked to it, reduce the concentration of 25(OH)D free for bio-
logical activity. DBP is the main binding protein of 25(OH)
D and 1.25(0OH),D and is encoded by the GC gene. In addi-
tion, its variants can alter the binding affinity and concentra-
tion of 25(OH)D.>

The placenta is the main extrarenal site to convert
25(0OH)D into 1.25(OH),D in pregnant women, due to
the high activity of the enzyme 10-hydroxylase. Maternal
vitamin D, therefore, is directly related to fetal vitamin D
concentrations.*”> Adequate levels of vitamin D in preg-
nant women must be greater than 30 ng/mL,® however
Hollis et al. suggest that to reach sufficient concentrations
of 25(OH)D for the fetus, blood levels of 100 nmol/L (40
ng/mL) are required, because the conversion of 25(OH)
D to 1.25(OH),D in pregnant women it is not as directly
proportional as in non-pregnant women.?

In Brazil, the Brazilian Society of Endocrinology and
Metabology (, based on the Institute of Medicine and the
Endocrine Society, recommends 600 IU/day of vitamin D
during pregnancy, but there are still no population data to rec-
ommend exact doses of vitamin D to this group specifically.’
Some countries and international scientific organizations sug-
gest supplementing pregnant women with doses of vitamin
D ranging from 400-600 IU/day (Institute of Medicine and
Royal College of Obstetricians and Gynaecologists) and 1,500—
2,000 IU/day (Endocrine Society and Canadian Society of
Endocrinology and Metabolism).’ Despite growing evidence
showing the high prevalence of vitamin D deficiency among
pregnant women and the normalization of these concentra-
tions, with drug supplementation, being associated with some
favorable outcomes, as demonstrated by the present review, the
World Health Organization does not yet advocate universal

supplementation for this population.®
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Although all studies included in this review are randomized
clinical trials, methodological differences and limitations were
identified between the studies, which can interfere in the compa-
rability and interpretation of results and, consequently, decrease
their reliability. Of the limitations identified, the main ones were
small sample size, loss of follow-up of participants, and the eth-
nic homogeneity of samples. In this sense, skin color stands out
as a possible selection bias, which was not considered in most
studies and directly influences the vitamin D concentration,
given that the greater amount of melanin in skin interferes with
the endogenous synthesis of vitamin D (7-dehydrocholesterol
for vitamin D3), blocking UVB rays and increasing the risk of
deficiency.! Only two studies, one multicentric and one carried
out in Brazil, selected heterogeneous samples.

The present review identified the existence of beneficial
clinical outcomes of vitamin D supplementation in pregnant
women and their effects in children, which are potentially asso-
ciated to baseline concentrations of pre-pregnancy vitamin D,
and the time and dose of supplementation. However, these
studies should be interpreted with care, as few have evaluated
the same outcomes. Thus, there is not enough data to support

a definitive conclusion.
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