The effects of vitamin D
IN pregnancy

Abstract Rezumat

The birth, growth, development, reproduction and sene-
scence under physiological conditions can be achieved with-
out diminishing the role of the other important aspects that
influence them, only with the support of an optimal diet
which is a fundamental requirement nowadays, considering
that health and nutritional status are in a permanent in-
terdependence. The effects of inadequate nutrition reflect
on the expression of genes, influencing the development

of certain diseases in childhood and adulthood. Knowing
the phases of the gestation period, in which the needs of
certain nutrients are increased and their absence has the
most serious impact on fetal growth and development,
allows for the adoption in due time of concrete preventive
rules. Disorders associated with lipid malabsorption, such
as celiac disease, Crohn’s disease, pancreatic insufficiency,
cystic fibrosis and cholestatic disease, are associated

with low serum levels of 5-hydroxyvitamin D. Vitamin D
deficiency in the newborn can express as deficient skeletal
homeostasis, congenital rickets, and fractures in the early
days of life. A low level of vitamin D during pregnancy seems
to increase the risk of preeclampsia, intrauterine growth
restriction and gestational diabetes, and in the longer term
it seems to affect the bone, immune system and general
status. The prevalence of hypovitaminosis D is increasing
globally, and the effects on pregnancy and neonatal out-
come of the vitamin D deficiency and supplementation

are a topical issue, which is currently under investigation.
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Introduction

Appropriate nutrition is an essential condition for
health. The birth, growth, development, reproduction
and senescence under physiological conditions can be
achieved without diminishing the role of other impor-
tant aspects that influence them, only with the support
of an optimal diet which is a fundamental requirement
nowadays, considering that health and nutritional sta-
tus are in a permanent interdependence.

A particular physiological situation through the
impact on the individual, the family, but also on so-
ciety is the gestation state, the current concepts and
orientations referring both to the preconception nu-
trition of the woman in the fertile period and to the
nutritional intake during the pregnancy, targeting
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Nasterea, cresterea, dezvoltarea, reproducerea si imbdtra-
nirea in conditii fiziologice pot fi realizate fdrd a diminua
rolul celorlalte aspecte importante care le influenteazd,
numai cu ajutorul unei diete optime, aceasta fiind o cerintd
fundamentald in era actuald, avand in vedere cd sdndtatea
si starea nutritionald se afld intr-o permanentd interdepen-
denta. Efectele nutritiei necorespunzatoare reflectd expresia
genelor, influentand dezvoltarea anumitor boli in copildrie
si la adulti. Cunoscand fazele perioadei de gestatie, in care
nevoile anumitor substante nutritive sunt crescute, iar ab-
senta lor are un impact grav asupra cresterii si dezvoltdrii
fetale, permite adoptarea in timp util a unor reguli concrete
de prevenire. Tulburdrile asociate cu malabsorbtia lipidicd,
cum ar fi boala celiacd, boala Crohn, insuficienta pan-
creaticd, fibroza chisticd si boala colestaticd, sunt asociate
cu niveluri scdzute ale 5-hidroxivitaminei D. Deficitul de
vitamind D la nou-ndscut se poate exprima prin homeo-
stazd scheleticd deficitard, rahitism congenital si fracturi

in primele zile ale vietii. Un nivel scdzut de vitamind D in
timpul sarcinii pare sd creasca riscul de preeclampsie, de
restrictie de crestere intrauterind si diabet gestational si,

pe termen lung, pare sd afecteze osul, sistemul imunitar si
starea generald. Prevalenta hipovitaminozei D creste pe
plan global, iar efectele asupra sarcinii si rezultatului neo-
natal al deficientei si suplimentelor de vitamind D sunt o
problemd de actualitate, in curs de investigare.
Cuvinte-cheie: vitamind D, sarcind, deficientd

Suggested citation for this article: Bohiltea R, Zugravu CA, Turcan N, lonitd D, Teodor 0, Cirstoiu M. The effects of vitamin D in pregnancy.

its effects on the conception product. The gestational
state is a period of intense fetal growth and develop-
ment, and of major adaptive changes in the mater-
nal body. Malnutrition, both in the sense of deficit
and excess, is associated with unfavorable results of
pregnancy evolution, which is why it is of particular
importance to evaluate, monitor and permanently
improve the nutritional status of women, both dur-
ing preconception period and during pregnancy and
lactation.

The effects of inadequate nutrition reflect on the
expression of genes, influencing the development of
certain diseases in childhood and adulthood®.

Ideally, the woman’s nutritional status should be
initially assessed during preconception period so that
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diet changes optimize maternal and fetal health before
conception. Nutritional supervision and counseling
should be continued during pregnancy and lactation.
Optimally, this can be done through a team approach
that includes obstetrician physician, specialized pre-
natal nutrition counseling, and dietitian specialized
in perinatal nutrition. In the context of the clinical
specialties of the Romanian healthcare network, the
perinatal nutrition approach could be achieved through
the collaboration of the obstetrician and the special-
ists in diabetes and nutrition (graduate of the master
studies in nutrition and food safety), because university
studies and the development of dietetics will bring an
essential plus of competence to this team.

Knowing the phases of the gestation period, in which
the needs of certain nutrients are increased and their
absence has a serious impact on fetal growth and devel-
opment, allows for the adoption in due time of concrete
preventive rules. The beneficial effect of preventive
therapy is at the present time a certainty and a method
of primary prophylaxis.

The effects of food deficiencies on the function of
reproductive organs are of particular importance from
the point of view of the late disorders they cause and
their persistence for a long time after the normaliza-
tion of food intake. Malnutrition is considered a risk
factor for amenorrhea and infertility. Late ovulation
and menstrual cycle disorders are the main effects of
inadequate intake, which is also associated with an
increased risk of recurrent miscarriage, intrauterine
growth restriction and congenital malformations.
Cranial circumference, length and weight at birth are
strongly correlated with the mother’s preconception
nutritional status, the weight gain during pregnancy
and the dietary supplementation. Variation in the
child’s growth parameter is mainly determined before
the end of the first trimester. In the second half of
pregnancy, a serious food deficiency of the mother can
cause spontaneous abortion. Moderate food deficien-
cies cause premature delivery and fetal hypotrophy.
Inadequate nutrition in the first part of pregnancy may
cause, depending on the severity of the deficiency, ei-
ther abortion, or alteration of embryonic structures.
The imbalance of the enzymatic components exerts
the most obvious teratogenic effect.

Vitamin D - or calciferol - is a generic term compris-
ing a group of liposoluble compounds having a skeleton
composed of four cholesterol molecules. The 25-hy-
droxyvitamin D is the major circulating form of vita-
min D. The half-life is 2-3 weeks compared to 24 hours
of the inactive vitamin D form. The 25(OH)D activates
in the bone and intestine, but it represents below 1% of
the potency of 1,25-dihydroxyvitamin D, representing
the highest activity form of this vitamin, whose half-
life is 4-6 hours. The 1,25-dihydroxyvitamin D binds
to intracellular receptors present in target tissues and
regulates gene transcription, a mechanism that is real-
ized with a single receptor (VDR), universally expressed
in nucleated cells.

Vitamin D is obtained from dairy products, vegeta-
bles, fish oil and dietary supplements. The endogen
vitamin D is produced by direct exposure to the sun.

Previtamin D is synthesized non-enzymatically in
skin from 7-dehydrocholesterol during exposure to ul-
traviolet light in sunlight. Previtamin D is subsequently
subjected to temperature-dependent conformational
rearrangement, forming vitamin D3 (colecalciferol).
This system is excessively effective, with the estimated
occasional exposure of only arms and face to the sun
being equivalent to the ingestion of 200 international
units (IU) per day. However, it is difficult to assess
the duration of daily exposure required to obtain the
equivalent of oral vitamin D supplementation, as there
are many variables represented by skin type, latitude,
season and time of the day™®. Prolonged exposure of
the skin to sunlight cannot produce toxic amounts of
vitamin D3 due to the photoconversion of previtamin
D3 and vitamin D3 in inactive metabolites (lumisterol,
tahisterol, 5,6-transvitamin D and suprasterol 1 and
2)©10, In addition, sunlight induces melanin produc-
tion that reduces vitamin D3 production in the skin.
Children, people with disabilities and the elderly may
experience inadequate sun exposure and the dermis of
people over the age of 70 years old is no longer able to
efficiently convert vitamin D. At Nordic latitudes, there
is not enough radiation for this conversion, especially
in the cold season. For these reasons, in the United
States of America, milk, instant milk for infants, break-
fast cereals, and some other foods are fortified with
vitamin D3 or synthetic vitamin D2 (ergocalciferol),
which is derived from the effect of radiation on ergos-
terol found in plants, in plankton, or in molds. In other
countries, cereals and bakery products are often also
fortified with vitamin D.

Vitamin D present in the diet is incorporated into
the mycelium, absorbed by enterocytes, and then
stored in kilomicrons. Disorders associated with lipid
malabsorption, such as celiac disease, Crohn’s disease,
pancreatic insufficiency, cystic fibrosis and cholestatic
disease, are associated with low serum levels of 5-hy-
droxyvitamin D.

Biochemical mechanisms

Vitamin D from diet or dermal synthesis is biologi-
cally inactive and requires enzyme, liver and kidney con-
version to generate active metabolites. Dietary vitamin
Dis directed to the liver linked to the vitamin D binding
protein, associated permanently with kilomicrons and
lipoproteins. Along with endogenously synthesized vi-
tamin D3, exogenous vitamin D is metabolized into the
liver, where the hepatic 25-hydroxylase enzyme places a
hydroxy group at the 25-position of the vitamin D mol-
ecule, resulting in the formation of 25-hydroxyvitamin
D (25[0H]D - calcidiol); 25-hydroxyvitamin D2 has a
lower affinity compared to 25-hydroxyvitamin D3 for
the vitamin D binding protein. Therefore, 25-hydroxy-
vitamin D2 has a half-life shorter than 25-hydroxyvi-
tamin D3. In this context, vitamin D2 treatment is not
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able to grow total serum level of 25(0OH)D as effective
as vitamin D3.

The 25-hydroxyvitamin D2 and D3 produced in
the liver enter the circulation and cross the kidneys,
linked to the specific protein that has a single binding
site for all the D vitamins and all their metabolites.
Normally, only 3-5% of the circulating binding sites
should be occupied, which explains why this protein
is not limiting to vitamin D metabolism in terms of
filtration rate, except for its urinary large loss as a
consequence of nephrotic syndrome®". In the renal
tubules, the entry of the 25(OH)D-protein (binding
protein of vitamin D) into the cells is facilitated by
receptor-mediated endocytosis"?. At least two proteins
working in tandem are involved in this process: cubilin
and megalina®*'?. Cubilin and megaline expressed in
the proximal renal tubule have multiple binding re-
ceptors that facilitate extracellular ligand uptake. The
deficiency of any of these proteins results in increased
urinary excretion of 25(OH)D and, consequently, on
experimental models, resulting in 1,25-dihydroxyvi-
tamin D deficiency and bone damage®**?. Within the
renal tubule cell, 25(OH)D is released from the complex
that it forms with the binding protein. Renal tubular
cells contain two enzymes, 1-alpha-hydroxylase and
24-alpha-hydroxylase, which can further hydroxylate
25(0OH)D, yielding 1,25-dihydroxyvitamin D, the most
active form of vitamin, or 24,25-dihydroxyvitamin D,
an inactive metabolite. Both enzymes are members of
the P450 system®®.

The plasma concentration of 1,25-dihydroxyvitamin
D is dependent both on the availability of (OH)D and
on the activity of renal enzymes 1-alphahydroxylase
and 24-alphahydroxylase. The first enzyme is under
the control of parathyroid hormone (PTH), serum cal-
cium, phosphorus concentrations, and also fibroblastic
growth factor 23 (FGF 23). Increased PTH secretion,
often due to decreased plasmatic calcium levels, re-
spectively hypophosphatemia, stimulates the enzyme
and increases the production of 1,25-dihydroxyvita-
min D, which in turn inhibits the synthesis and secre-
tion of PTH, by making a negative feedback on its own
production.

The synthesis of 1,25-dihydroxyvitamin D may
also be modulated by vitamin D receptors (VDR) pre-
sent on the cell surface. Down regulation of these
receptors may play an important role in regulating
vitamin D activation®. FGF 23 inhibits renal pro-
duction of 1,25-dihydroxyvitamin D by limiting 1-al-
pha-hydroxylase activity in the proximal renal tubule
and by simultaneously increasing the expression of
24-alphahydroxylase and, implicitly, the production
of 24-25-dihydroxyvitamin D, the inactive metabo-
lite. The 1,25-dihydroxyvitamin D stimulates FGF 23,
a phosphate hormone, which creates a feedback loop.
Experimental data suggest that FGF 23 reduces renal
phosphate reabsorption and counteracts the increased
gastrointestinal reabsorption induced by 1,25-dihy-
droxyvitamin D, thereby maintaining phosphate
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homeostasis?”. Both 1,25-dihydroxyvitamin D and
25(0OH)D are partially degraded by hydroxylation by
24-hydroxylase. The activity of the gene encoding
24-hydroxylase is increased by 1,25-dihydroxyvita-
min D, which thus performs its own inactivation and
is lowered by PTH, which allows the synthesis of the
high activity hormone®®.

Its active form, 1,25-dihydroxyvitamin D, plays an
essential role in promoting enterocyte differentiation
and in intestinal calcium absorption, in normal skel-
etal mineralization, respectively in growth process.
Other effects include less important stimulation of
intestinal phosphorus absorption, direct suppression
of parathyroid hormone (PTH) release from the para-
thyroid gland, regulation of osteoblastic function and
permissiveness of PTH-induced osteoclast activation
and bone resorption.

Pregnancy status

According to the American College of Obstetricians
and Gynecologists (ACOG), vitamin D deficiency is
defined as a serum level of circulating 25(OH)D less
than 32 ng/ml (80 mmol/L). Vitamin D deficiency in
the newborn can express as deficient skeletal homeo-
stasis, congenital rickets and fractures in the early
days of life. Recent studies have shown that vitamin
D deficiency is common during pregnancy, especially
among the populations at risk. Most experts agree
that the screening of 25-hydroxyvitamin D level in
the general population or during pregnancy is not
necessary, excepting for cases of pregnant women who
are obese, have minimal sun exposure, have a history
of malabsorption (celiac disease, intestinal inflam-
matory disease) or other risk factors for vitamin D
deficiency (e.g., they live at northern latitudes, have a
vegan diet or dark skin). Observational studies report
an association between low vitamin D levels (<10/<20
ng/ml) and muscle weakness in children or elderly®”.
In vitro studies have shown that the active hormone
or its analogs can decrease cellular proliferation by
coherently activating or inactivating a large number
of genes capable of inducing this effect®. Animal
studies have shown that vitamin D receptor (VDR)
deficiency predisposes to precancerous breast or intes-
tinallesions®?, while observational studies in humans
have highlighted the link between poor vitamin D
status and the risk for almost any cancer®®?¥. A review
conducted by World Health Organization (WHO) iden-
tified colon cancer as the main risk associated with
vitamin D deficiency®. This result was supported
by the results of a meta-analysis of nine control case
studies®® showing that for each increase by 4 ng/ml
of serum 25(OH)D level, there is a 6% decrease in the
risk of colorectal cancer. In the endocrine system,
VDR can modulate most aspects of inborn or acquired
immunity, both by exposure to high doses of 1,25-di-
hydroxivitamine and by extreme deficiency. In some
studies, vitamin D deficiency in pregnancy, childhood
or adolescence was associated with both the increased
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and decreased incidence of allergic diseases like asth-
ma or eczema®?”, Randomized trials, analyzing the
effect of vitamin D supplementation on asthma, con-
tinue to be inconclusive, unable to demonstrate an im-
proved response to corticosteroids, reduced treatment
failure or improved ventilator parameters. Two trials
analyzing the effect of supplementation with vitamin
D during pregnancy revealed a reduction of wheez-
ing in children, an association that did not reach the
threshold of statistical significance. In one study, 623
pregnant women received 2800 or 400 IU of vitamin D
starting by 24 weeks of gestation®”. The persistence
of wheezing at the age of 3 years old of the children
was recorded in 16% and 20% of cases, respectively.
Another randomized controlled trial, including 876
pregnant women, analyzed the outcome of 4400 or
400 IU vitamin D supplementation starting from 10-
18 weeks of gestation®. Their 3-year-old children
developed recurrent asthma or wheezing in 24.3%
and 30.4% of cases, respectively. A meta-analysis pub-
lished in 2015, comprising 46 interventional studies,
stated that there was no benefit of vitamin D supple-
mentation on systolic or diastolic blood pressure®?.
Another meta-analysis of 19 prospective studies (with
65,994 patients) revealed an inverse relationship be-
tween serum levels of 25(OH)D, ranging from 8 to 24
ng/ml, and the risk of cardiovascular disease®®. The
results of the studies evaluating the effect of vitamin
D supplementation on the rate of myocardial infarc-
tion and stroke do not support any benefit®¥. In this
meta-analysis, one of the broadest studies concluded
that there was no beneficial effect of vitamin D on
cardiovascular and metabolic risk following a rise in
basal levels of 25(OH)D from 23 to over 40 ng/ml. In
almost all human studies, obesity is associated with a
reduced serum concentration of 25(OH)D®. A control
case study of 720 children with type 1 diabetes and
2610 healthy children of the same age supports the as-
sociation between type 1 diabetes and a genetic poly-
morphism with a key role in vitamin D deficiency and
responsible for variations in serum concentrations
of 25(0OH)D®". Vitamin D status is low in individu-
als with obesity and type 2 diabetes, but the causal
relationship of this association remains unknown.
In a meta-analysis with individual data from 27,000
participants in eight European prospective studies,
individuals with average serum levels in standardized
measurements below 21 ng/ml (54 nmol/1) showed an
increase in mortality of all causes compared to those
whose serum concentration was above 30-40 ng/ml,
with the maximum risk among severely deficient (less
than 12 ng/ml)©®.

The optimal serum level of 25(0OH) vitamin D in
pregnancy is considered to be around 30 ng/L, with
a minimum acceptable value of 20 ng/ml. The US In-
stitute of Medicine (IOM) recommended in 2010 a
600 IU/day dose of vitamin D supplementation for
all women of reproductive age, including during preg-
nancy and lactation®. ACOG recommended in 2011

and then in 2017 a vitamin D supplementation dur-
ing pregnancy with the usual dose until a significant
decrease justifies supplementing this dose®. Recom-
mended Dietary Allowance (RDA) of vitamin D for
children between 1 and 18 years old and for adults up
to 70 years of age is 600 IU (15 mcg/day) and 800 IU
(20 mcg/day) after 71 years. For pregnant and lactat-
ing women, RDA is 600 UI (15 mcg/day)®?.

According to the studies, the administration
of up to 2000 IU of vitamin D in pregnancy would
be safe, and it would be necessary to maintain the
level of 25(0OH)D above 30 ng/ml®. The administra-
tion of a sufficiently high dose to cover the vitamin
D deficiency and to maintain a proper serum level
throughout pregnancy has not been fully studied, but
the administration of 600-800 IU vitamin D3/day is
suggested to be adequate and safe. One of the factors
that lead to vitamin D depletion during pregnancy is
the increased urinary excretion, a parameter manda-
tory to be monitored for pregnant women at high risk
for this deficiency.

Yu et al.® analyzed vitamin D supplementation
with 800 IU/day or the single oral dose of 200,000 IU
in women with pregnancy in the third trimester and
vitamin D deficiency, and achieved a significant but
insufficient improvement in the level of 25(OH)D. The
study conducted by Dawodu'® aimed to determine the
effectiveness and safety of prenatal administration of
2000 IU/day, 4,000 IU/day and 400 IU/day of vitamin
D among endemic deficient pregnant women; the on-
set of administration was between 12 and 16 weeks of
gestation, randomized, and measurements at the end
of the study showed that supplementation with 4000
IU was the most effective and safe.

Regarding the results of the meta-analyses, they
attest that the number of studies is too low to stand-
ardize a conclusion on the optimal dosing time and
the optimal safe and effective dose during pregnancy
to supplement and prevent vitamin D deficiency.
Preconceptual initiation of vitamin D supplemen-
tation has not been studied®. A large, prospective,
long-term study (Avon Longitudinal Study of Parents
and Children) involving 3,960 mother-child pairs
of European origin correlated serum concentrations
of 25(OH)D measured in pregnancy with the osteo-
densitometry results for children at the age of 9-10
years old“?; this study demonstrates that there is no
significant association between maternal vitamin
D status during pregnancy and bone mineral con-
tent of the offspring in late childhood. In contrast,
a smaller cohort study comprising 341 mother-child
pairs associates the deficiency of vitamin D during
pregnancy with low bone mass in offspring by the
age of 20 years 0ld“?. Several observational studies
suggest the association between poor vitamin status
and complications of pregnancy®®*V. As an example,
ameta-analysis of 31 studies led by Aghajafari F et al.,
published in 2013, revealed the association between
insufficient vitamin D concentration and increased
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risk of gestational diabetes, preeclampsia and in-
trauterine growth restriction®”; this meta-analysis
lacked a dose-response relationship between serum
concentrations of 25(OH)D and the reported compli-
cations, and it included studies based on laboratory
methods with variable accuracy. A meta-analysis pub-
lished in 2015, comprising 13 trials comparing vita-
min D administration, with or without calcium, with
placebo during pregnancy, revealed increased vitamin
plasma levels in the supportive group in the absence
of preeclampsia or gestational diabetes“®. There were
also no differences in the incidence of low birth gesta-
tion, premature birth, vitamin D determination and
interventional debut being variable among the trials
analyzed. Data from two trials involving 219 women
suggest a similar risk of gestational diabetes among
patients supplemented with vitamin D, uncompen-
sated and placebo®®. A meta-analysis conducted by
Song Y et al. published in 2013, based on 21 pro-
spective studies, demonstrated the existence of the
inverse relationship between serum concentrations
of 25(OH)D and the risk of type 2 diabetes (RR: 0.62;
95% CI; 0.54-0.70)“®. Still, interventional studies
continue to remain negative or minimally positive
with regard to the beneficial effect of vitamin D on
the incidence of diabetes. Data from three trials in-
volving 477 women conclude that supplementation
with vitamin D during pregnancy reduces the risk of
premature birth compared to no supplementation or
placebo (3.3% vs. 9.9%; RR: 0.36; 95% CI; 0.14-0.93;
moderate)®”.

Three other trials involving 493 women also sug-
gest that vitamin D supplementation during preg-
nancy is associated with a decrease in the birth rate
of children below 2500 g compared to no supple-
mentation or placebo (RR: 0.40; 95% CI; 0.24-0.67;
moderate risk). On the contrary, concomitant sup-
plementation with vitamin D and calcium seems to
significantly reduce the risk of preeclampsia(5% vs.
9%; RR: 0.51; 95% CI; 0.32-0.80), but it certainly
increases the risk of premature delivery. In 2016,
De-Regil LM et al. published in Cochrane Database
Syst Rev. the review “Vitamin D supplementation for
women during pregnancy”. The 15 trials included
2,833 women, with the majority having multiple con-
founding factors present. The integrated outcome
of these studies asserts the normalization of serum
levels of 25(0OH)D under continuous daily and non-
supplemental calcium supplementation and reduction
of preeclampsia risk (without achieving statistical
significance) compared to uncompensated or placebo
(8.9% vs. 15.5%; RR: 0.52; 95% CI; 0.25-1.05; low
quality)®?. The Cochrane review concludes with a
cautionary recommendation to review these results,
given the absence of adverse reactions from all stud-
iesincluded, and the need to carry out rigorous trials
confirming these effects for the purpose of admin-
istering vitamin D to the antenatal routine and to
improve maternal and fetal prognosis.
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Discussion and conclusions

A sufficient level of vitamin D during pregnancy
ensures an optimal level of vitamin D in the fetus,
a fact reflected by a normal bone status at birth due
to the passage of the placental barrier by vitamin D
and the formation of fetal reserves especially during
the third trimester. A low level of vitamin D during
pregnancy seems to increase the risk of preeclamp-
sia, intrauterine growth restriction and gestational
diabetes, and in the longer term it seems to affect the
bone, immune system and general status. However,
an optimal dose level during pregnancy has not been
established.

The obstetrical impact of vitamin D supplementa-
tion has been poorly studied; in 2014, a systematic
review of vitamin D supplementation studies during
pregnancy concluded that the number of studies was
too low and the overall quality of the data was too
weak to draw conclusions about safety and efficacy
of vitamin D supplements and their protective role
in pregnancy prognosis. In this context, there is little
data on the appropriate time to supplement vitamin
D during pregnancy. Most studies in this direction
propose the onset of supplementation by the end of
the first trimester of pregnancy, while the initiation of
this supplementation and its impact before pregnancy
were not evaluated.

In addition, further studies are needed to confirm
the safety and efficacy of high-dose vitamin D sup-
plementation in pregnant women with severe vitamin
D deficiency.

Currently, most prenatal vitamins contain 400 IU of
vitamin D, but this dose is still considered to be insuf-
ficient, especially in patients who already have a low
vitamin D at onset of pregnancy.

The prevalence of hypovitaminosis D is increasing
globally, and the effects on pregnancy and neonatal
outcome of the vitamin D deficiency and supplemen-
tation are a topical issue, which is currently under
investigation. Vitamin D deficiency is significantly
present in pregnancy among infertile patients, with
a prevalence in Romania two times higher than that
of the United States. Subsequent studies are needed
to determine the optimal dose for diet supplemen-
tation in women of fertile age. Future trials should
determine the optimal serum level of vitamin D in
pregnancy and how the supplementation achieved
particularly early in pregnancy manages to influence
or not maternal and fetal prognosis. Also, more data
are needed to confirm the safety and efficacy of high
vitamin D supplementation in severely debilitated
women.

With new clinical research results, we propose the
determination of vitamin D in all pregnant and infer-
tile women and also the correction of the deficiency
with at least 1000 IU per day. |

Conflict of interests: The authors declare no conflict
of interests.

ginecologia
ro

19



obstetrics

20

References

1.Barker DJ, Thornburg KL. The obstetric origins of health for a lifetime. Clin Obstet
Gynecol. 2013; 56(3):511-9.

2.Institute of Medicine. Report at a Glance, Report Brief: Dietary reference intakes
for calcium and vitamin D, released 11/30/2010. Available at: http://www.iom.
edu/Reports/2010/Dietary-Reference-Intakes-for-Calcium-and-Vitamin-D/
Report-Brief.aspx (accessed on December 1,2010).

3.ACOG Committee on Obstetric Practice. ACOG Committee Opinion No. 495:
Vitamin D: Screening and supplementation during pregnancy. Obstet Gynecol.
2011; 118:197, reaffirmed 2017.

4.Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Evaluation, treatment, and
prevention of vitamin D deficiency: an Endocrine Society clinical practice
guideline. J Clin Endocrinol Metab. 2011; 96(7):1911-30.

5.Yu CK, Sykes L, Sethi M, et al. Vitamin D deficiency and supplementation during
pregnancy. Clin Endocrinol (Oxf). 2009; 70(5):685-90.

6.Dawodu A, Saadi HF, Bekdache G, et al. Randomized controlled trial (RCT) of
vitamin D supplementation in pregnancy in a population with endemic vitamin
D deficiency. J Clin Endocrinol Metab. 2013; 98(6):2337-46.

7.Terushkin V, Bender A, Psaty EL, et al. Estimated equivalency of vitamin D
production from natural sun exposure versus oral vitamin D supplementation
across seasons at two US latitudes. JAm Acad Dermatol. 2010; 62(6):929.e1-9.

8.Binkley N, Novotny R, Krueger D, et al. Low vitamin D status despite abundant
sun exposure. J Clin Endocrinol Metab. 2007; 92(6):2130-5.

9. Holick MF. Vitamin D: A millenium perspective. J Cell Biochem. 2003; (2)88:296-
307.

10. Holick MF, MacLaughlin JA, Doppelt SH. Regulation of cutaneous previtamin D3
photosynthesis in man: skin pigment is not an essential regulator. Science. 1981;
211(4482):590-3.

11.Vaziri ND. Endocrinological consequences of the nephrotic syndrome. AmJ
Nephrol. 1993; 13:360-5.

12.Nykjaer A, Dragun D, Walther D, et al. An endocytic pathway essential for renal
uptake and activation of the steroid 25-(OH) vitamin D3. Cell. 1999; 96(4):507-15.

13. Nykjaer A, Fyfe JC, Kozyraki R, et al. Cubilin dysfunction causes abnormal
metabolism of the steroid hormone 25(0OH) vitamin D(3). Proc Natl Acad Sci USA.
2001; 98:13895.

14.Negri AL. Proximal tubule endocytic apparatus as the specific renal uptake
mechanism for vitamin D-binding protein/25-(OH)D3 complex. Nephrology
(Carlton). 2006; 11(6):510-5.

15.Takeyama K, Kitanaka S, Sato T, et al. 25-Hydroxyvitamin D3 1alpha-hydroxylase
and vitamin D synthesis. Science. 1997; 277:1827-30.

16. lida K, Shinki T, Yamaguchi A, et al. A possible role of vitamin D receptors in
regulating vitamin D activation in the kidney. Proc Natl Acad Sci USA. 1995;
92(13):6112-6.

17.Liu S, Tang W, Zhou J, et al. Fibroblast growth factor 23 is a counter-regulatory
phosphaturic hormone for vitamin D.JAm Soc Nephrol. 2006; 17(5):1305-15.

18. Zierold C, Darwish HM, DeLuca HF. Identification of a vitamin D-response
element in the rat calcidiol (25-hydroxyvitamin D3) 24-hydroxylase gene. Proc
Natl Acad Sci. USA. 1994; 91(3):900-2.

19. Institute of Medicine. Report at a Glance, Report Brief: Dietary reference intakes
for calcium and vitamin D, released 11/30/2010. Available at: http://www.iom.
edu/Reports/2010/Dietary-Reference-Intakes-for-Calcium-and-Vitamin-D/
Report-Brief.aspx (accessed on December 1,2010).

20. Wicherts IS, van Schoor NM, Boeke AJ, et al. Vitamin D status predicts physical
performance and its decline in older persons. J Clin Endocrinol Metab. 2007;
92(6):2058-65.

21.Bouillon R, Eelen G, Verlinden L, et al. Vitamin D and cancer. J Steroid Biochem Mol
Biol. 2006; 102(1-5):156-82.

22.Welsh J. Vitamin D and breast cancer: insights from animal models. Am J Clin Nutr.
2004; 80:1721S.

23. Giovannucci E. The epidemiology of vitamin D and cancer incidence and
mortality: a review (United States). Cancer Causes Control. 2005; 16(2):83-95.

24. Feskanich D, Ma J, Fuchs CS, et al. Plasma vitamin D metabolites and risk of
colorectal cancer in women. Cancer Epidemiol Biomarkers Prev. 2004; 13(9):1502-8.

25.|ARC. Vitamin D and Cancer. IARC Working Group Reports Vol.5, International
Agency for research on Cancer, Lyon. November 2008. Available at: http://www.
iarc.fr/en/publications/pdfs-online/wrk/wrk5/Report_VitD.pdf (accessed on
December 1,2016).

26.Chung M, Lee J, Terasawa T, et al. Vitamin D with or without calcium supplemen-
tation for prevention of cancer and fractures: an updated meta-analysis for the
U.S. Preventive Services Task Force. Ann Intern Med. 2011; 155(12):827-38.

27.Cooper JD, Smyth DJ, Walker NM, et al. Inherited variation in vitamin D genes is
associated with predisposition to autoimmune disease type 1 diabetes. Diabetes.
2011; 60(5):1624-31.

28.Lange NE, Litonjua A, Hawrylowicz CM, Weiss S. Vitamin D, the immune system
and asthma. Expert Rev Clin Immunol. 2009; 5(6):693-702.

29. Gale CR, Robinson SM, Harvey NC, et al. Maternal vitamin D status during
pregnancy and child outcomes. Eur J Clin Nutr. 2008; 62(1):68-77.

30. Chawes BL, Bannelykke K, Stokholm J, et al. Effect of Vitamin D3
Supplementation During Pregnancy on Risk of Persistent Wheeze in the
Offspring: A Randomized Clinical Trial. JAMA. 2016; 315(4):353-31.

31.Litonjua AA, Carey VJ, Laranjo N, et al. Effect of Prenatal Supplementation With
Vitamin D on Asthma or Recurrent Wheezing in Offspring by Age 3 Years: The
VDAART Randomized Clinical Trial. JAMA. 2016; 315(4):362-70.

32.Beveridge LA, Struthers AD, Khan F, et al. Effect of Vitamin D Supplementation on
Blood Pressure: A Systematic Review and Meta-analysis Incorporating Individual
Patient Data. JAMA Intern Med. 2015; 175(5):745-54.

33.Wang L, Song Y, Manson JE, et al. Circulating 25-hydroxy-vitamin D and risk of
cardiovascular disease: a meta-analysis of prospective studies. Circ Cardiovasc
Qual Outcomes. 2012; 5(6):819-29.

34.Ford JA, MacLennan GS, Avenell A, et al. Cardiovascular disease and vitamin D
supplementation: trial analysis, systematic review, and meta-analysis. Am J Clin
Nutr. 2014; 100(3):746-55.

35. Ozfirat Z, Chowdhury TA. Vitamin D deficiency and type 2 diabetes. Postgrad Med
J.2010; 86(1011):18-25.

36.Gaksch M, Jorde R, Grimnes G, et al. Vitamin D and mortality: Individual
participant data meta-analysis of standardized 25-hydroxyvitamin D in 26916
individuals from a European consortium. PLoS One. 2017; 12:e0170791.

37. Aghajafari F, Nagulesapillai T, Ronksley PE, et al. Association between maternal
serum 25-hydroxyvitamin D level and pregnancy and neonatal outcomes:
systematic review and meta-analysis of observational studies. BMJ. 2013;
346:f1169.

38.Li M, Chen P, Li J, et al. Review: the impacts of circulating 25-hydroxyvitamin D
levels on cancer patient outcomes: a systematic review and meta-analysis. J Clin
Endocrinol Metab. 2014; 99(7):2327-36.

39.Tabesh M, Salehi-Abargouei A, Tabesh M, Esmaillzadeh A. Maternal vitamin D
status and risk of pre-eclampsia: a systematic review and meta-analysis. J Clin
Endocrinol Metab. 2013; 98(8):3165-73.

40.ChenY, Zhu B, Wu X, et al. Association between maternal vitamin D deficiency
and small for gestational age: evidence from a meta-analysis of prospective
cohort studies. BMJ Open. 2017;7:e016404.

41. Amegah AK, Klevor MK, Wagner CL. Maternal vitamin D insufficiency and risk of
adverse pregnancy and birth outcomes: A systematic review and meta-analysis
of longitudinal studies. PLoS One. 2017; 12:e0173605.

42. Lawlor DA, Wills AK, Fraser A, et al. Association of maternal vitamin D status
during pregnancy with bone-mineral content in offspring: a prospective cohort
study. Lance. 2013; 381(3884):2176-83.

43.Zhu K, Whitehouse AJ, Hart PH, et al. Maternal vitamin D status during pregnancy
and bone mass in offspring at 20 years of age: a prospective cohort study. J Bone
Miner Res. 2014; 29(5):1088-95.

44, Pérez-Lopez FR, Pasupuleti V, Mezones-Holguin E, et al. Effect of vitamin D
supplementation during pregnancy on maternal and neonatal outcomes: a
systematic review and meta-analysis of randomized controlled trials. Fertil Steril.
2015; (5)103:1278-88.

45. De-Regil LM, Palacios C, Lombardo LK, Pefia-Rosas JP. Vitamin D supplementa-
tion for women during pregnancy. Cochrane Database Syst Rev. 2016; 1:CD008873.

46.Hagenau T, Vest R, Gissel TN, et al. Global vitamin D levels in relation to age,
gender, skin pigmentation and latitude: an ecologic meta-regression analysis.
Osteoporos Int. 2009; 20(1):133-40

47.Melamed ML, Michos ED, Post W, Astor B. 25-hydroxyvitamin D levels and the risk
of mortality in the general population. Arch Intern Med. 2008; 168(15):1629-37.

48.Song Y, Wang L, Pittas AG, et al. Blood 25-hydroxy vitamin D levels and incident
type 2 diabetes: a meta-analysis of prospective studies. Diabetes Care. 2013;
(5)36:1422-8.

Reclama GIN(24)0104 ~

M Year VIl * No. 24 (2/2019)



