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Titulo: Vitamina D durante el embarazo y neurodesarrollo del nifio: revi-
sion sistematica.

Resumen: Awntecedentes: E1 déficit de vitamina D durante el embarazo tiene
un impacto negativo en la salud materno-infantil. Obyetivo: Evaluar el efecto
del estado de vitamina D durante el embarazo sobre el neurodesarrollo del
nifo. Seleccion de estudios: Se realiz6 una busqueda de la literatura cientifica
publicada en PubMed/MEDLINE, Scopus y Cochrane hasta enero del
2018. Se seleccionaron los estudios que relacionaban el estado de la vitami-
na D durante el embarazo con algin dominio del neurodesarrollo del nifio
(mental, motor, lenguaje, cociente intelectual y comportamiento). La cali-
dad de los estudios incluidos se evalué a través de la escala Newcastle-
Ottawa. Resultados: De los 164 estudios encontrados en la bisqueda, once
estudios cumplieron los criterios y fueron considerados diez de alta calidad
metodoldgica y uno de moderada. La revision sistematica mostr6 que nive-
les prenatales de vitamina D <50 nmol/L se asocian frecuentemente a un
peor desarrollo mental, motor y del lenguaje de sus hijos en comparacién
con las madres con concentraciones =50 nmol/L. Conclusién: Aunque exis-
te poca evidencia cientifica que corrobore la relacion entre la deficiencia de
vitamina D prenatal y su impacto en el neurodesarrollo de los hijos, los da-
tos actuales sugieren un petjuicio sobre el desarrollo mental, motor y del
lenguaje del nifio.
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Abstract: Background: A deficiency of vitamin D during pregnancy has a
negative impact on maternal-infant health. Objective: To evaluate the effect
of vitamin D status during pregnancy on offspring neurodevelopmental
outcomes. Selection of studies: We explored studies that linked maternal vit-
amin D status with offspring neurodevelopmental outcomes. The studies
selected were identified by systematically reviewing the scientific literature
published in PubMed/MEDLINE, Scopus and Cochrane until January
2018. The quality of the studies was evaluated using the Newcastle-Ottawa
scale. Results: 164 studies were identified and reviewed for selection. This
systematic review, which comprises eleven studies (ten of a high methodo-
logical quality and one moderate), shows that mothers with vitamin D lev-
els <50 nmol/L during pregnancy had offspring with poorer mental, mo-
tor and language development compared to mothers with concentrations
>50 nmol/L. Conclusion: There is still not enough scientific evidence to
confirm the relationship between prenatal vitamin D deficiency and off-
spring neurodevelopmental outcomes. However, recent data suggest a det-
rimental effect on the mental, motor and language development of off-
spring.

Keywords: Pregnancy; Vitamin Dj; Infant; Neurodevelopment.

Introduction

Vitamin D deficiency is a worldwide public health problem,
since nearly 1000 million people have the condition (Holick,
2017) and it affects a considerable number of women during
pregnancy and lactation (Sanchez, 2010). Previous studies
have indicated that in the United States up to 50% of preg-
nant women may be deficient in vitamin D (Mulligan, Felton,
Riek, & Bernal-Mizrachi, 2010), while in some European
countries the figure is between 10% and 30% (Bodnar et al.,
2007; Holick, 2017; Johnson, Wagner, & Hulsey, 2011).
Vitamin D plays an important role in cell differentiation,
immune response and fetal growth and development (Boul-
lion, Verstuyf, Branisteanu, Waer, & Mathieu, 1995). Vitamin
D deficiency (<50 nmol/L) has been related to problems in
both the pregnant woman (pre-eclampsia and gestational di-
abetes) and the child (lower birth weight and lower head cit-
cumference at birth, small for gestational age, preterm birth,
etc.) (Amegah, Klevor, & Wagner, 2017; Wei, Qi, Luo, &
Fraser, 2013). In studies with animal models, changes in the
morphology and physiology of the offspring's brain as a re-
sult of vitamin D deficiency during pregnancy have also been
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observed (Eyles, Brown, Mackay-Sim, McGrath, & Feron,
2003).

The results of a prospective cohort study (INMA) con-
ducted in 4 populations in Spain (Sabadell, Valencia, Asturias
and Gipuzkoa) indicate that vitamin D levels <50 nmol/L
during pregnancy are associated with lower scores on the in-
dex of mental and motor development in children at 14
months (Morales et al.,, 2012). And recent research in Aus-
tralia shows that 19.6% of children whose mothers were de-
ficient in vitamin D had lower language development at 4
years of age (Gould et al., 2017). In the same study it was al-
so observed that higher levels of vitamin D in the umbilical
cord were associated with an increase in the child’s language
level.

Nevertheless, current research into the effect of vitamin
D deficiency during pregnancy is limited and there is not
enough scientific evidence to confirm its effect on the child’s
neurodevelopment. A recent systematic review evaluated the
effect of maternal vitamin D deficiency on the development
of different psychological alterations in the offspring. It cov-
ered 9 studies involving animals and 10 involving humans
and included a wide range of age groups (from lactation to
adulthood). One of the studies conducted on humans as-
sessed the relationship between vitamin D deficiency and
cognitive, motor and psychological disorders (hyperactivity,
autism and depression) (Pet & Brouwer-Brolsma, 2016).
However, the lack of homogeneity among the studies includ-
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ed in the review, with different ages and different diagnostic
approaches, prevented the authors from coming to any defi-
nite conclusions, although they did suggest a possible rela-
tionship between maternal vitamin D deficiency and lan-
guage deficits and the appearance of autistic spectrum disot-
ders in the child.

Concentrating on the effect that vitamin D deficiency
during pregnancy may have on neurodevelopment in child-
hood, our objective is to carry out a systematic review of the
literature that focuses on this area. Our hypothesis is that
maternal vitamin D deficiency could indeed have a negative
impact on the child’s neurodevelopment.

Methods

Search strategy

The studies selected were identified via a systematic re-
view of the scientific literature published in Pub-
Med/MEDLINE, Scopus and Cochrane until January 2018.
The search strategy was to follow these keywords: ("Vitamin
D"[Mesh] OR "Ergocalciferols"[Mesh] OR "Cholecalcifer-
ol"[Mesh] OR "Calcifediol"[Mesh] OR "24, 25-
Dihydroxyvitamin D 3"[Mesh] OR "25-Hydroxyvitamin D
2"[Mesh]) AND (“pregnancy” OR “pregnant” OR gesta*)
AND ("Infant, Newborn"[Mesh] OR "Infant"[Mesh] OR
“neonates” OR “birth outcomes” OR "Pregnancy Out-
come"[Mesh]) AND (“neurodevelopment” OR "Neurobe-

Crtations identified from PubMed,

havioral Manifestations" OR "Neurodevelopmental Disot-
ders" OR "Cognition" OR “cognitive function” OR “neuro-
psychological development” OR “motor” OR "Behaviot"
OR "Infant Behaviot" OR "Mental Disorders" OR "Psy-
chomotor Performance” OR “motor development” OR
“mental development” OR “cognitive development” OR
“infant development”). A manual search was also carried out
for articles in the bibliographies of other studies. Comments
and editorials were excluded, while systematic reviews and
meta-analysis were used to cite some studies.

Inclusion and exclusion criteria

The studies were filtered by title and abstract and repeat-
ed publications were excluded (Figure 1). We explored stud-
ies that linked the maternal status of vitamin D with the neu-
rodevelopment of the child. The inclusion criteria were as
follows: a) Vitamin D concentrations measured in serum or
plasma during pregnancy or in the umbilical cord at delivery,
and b) infants, preschool and school children. The exclusion
criteria were: a) pregnant women with chronic diseases, and
b) adolescent women.

From each article selected we extracted the following in-
formation: author, year of publication, design of the study,
geographical location, cut-off point for vitamin D, gestation-
al age at the time the blood sample was taken, laboratory
method used to measure vitamin D concentrations, age, do-
mains assessed and neurodevelopmental assessment test.

Scopus and Cochrane (n = 164)

Citations identified from
other sources (n = 6)

Studies after the elimination of duplicates

text reading (n = 16)

(n=165)
Studies excluded (n=149)
| Dafferent subject of study
Association of interest not evaluated
Systematic review, Meta-analysis
L Other type of work
Studies selected for full

v

—»

Studies included in this

systematic review (n = 11)

Studies excluded following full text scan
and consideration of inclusion criteria

n=5)

Figure 1. Flow diagram.
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Encoding of the variables and instrumentation

Two of the authors conducted their own independent lit-
erature searches of the different electronic databases and the
degree of agreement was verified. The purpose of this was to
analyze the reliability of the selection process.

The quality of the observational studies was assessed us-
ing the Newcastle-Ottawa scale, as recommended by the
Cochrane Non-Randomized Studies Methods Working
Group. The score is based on three items: selection (maxi-
mum 4 stars), comparability (maximum 2 stars), and results
(maximum 3 stars). Studies that scored between 7 and 9 were
considered to be of high methodological quality, between 4
and 6 moderate, and less than 4 low (Wells et al., 2014).

Results

From the databases we identified 164 articles that fulfilled
the inclusion criteria, from which 11 were finally selected.
The articles reviewed were published between 2008 and 2017
and, although they varied as regards some of the characteris-
tics relating to their methodology, they all examined the rela-
tionship between maternal vitamin D levels and neurodevel-
opment in children.

Table 1 presents the characteristics of the studies selected
for this review. We included eight studies conducted in de-
veloped countries — two in the United States (Keim, Bodnar,
& Klebanoff, 2014; Tylavsky et al., 2015), two in Australia
(Gould et al., 2017; Whitechouse et al., 2012), two in the

Table 1. General characteristics of the studies selected.
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United Kingdom (Datling et al., 2017; Gale et al., 2008), one
in Spain (Morales et al., 2012) and one in China (Zhu et al,,
2015) — and three conducted in developing countries: Vi-
etnam, India and the Republic of Seychelles (Hanich et al.,
2014; Laird et al., 2017; Veena et al., 2017).

There were ten observational cohort studies (Darling et
al., 2017; Gale et al., 2008; Hanieh et al., 2014; Keim et al.,
2014; Laird et al., 2017; Morales et al., 2012; Tylavsky et al.,
2015; Veena et al., 2017; Whitehouse et al., 2012; Zhu et al.,
2015), whereas only one study originating from a clinical trial
was found (Gould et al., 2017).

In eight studies the neurodevelopment of the child was
assessed during infancy and the preschool stage (Darling et
al., 2017; Gould et al., 2017; Hanieh et al., 2014; Keim et al.,
2014; Morales et al., 2012; Tylavsky et al., 2015; Whitehouse
et al., 2012; Zhu et al., 2015), while in seven studies it was as-
sessed during the school-age stage (Datling et al., 2017; Gale
et al., 2008; Gould et al., 2017; Keim et al., 2014; Laird et al.,
2017; Veena et al., 2017; Whitehouse et al., 2012)

Six studies assessed mental development (Gould et al.,
2017; Hanieh et al., 2014; Keim et al., 2014; Morales et al.,
2012; Veena et al., 2017; Zhu et al., 2015), six studies motor
development (Darling et al., 2017; Gould et al., 2017; Hanieh
et al., 2014; Keim et al., 2014; Morales et al., 2012; Zhu et al.,
2015), two social-emotional development (Gould et al., 2017;
Hanieh et al,, 2014), five language development (Datrling et
al,, 2017; Gould et al., 2017; Hanieh et al., 2014; Tylavsky et
al., 2015; Whitehouse et al., 2012) and five IQ (Datling et al.,
2017; Gale et al., 2008; Keim et al., 2014; Laird et al., 2017,
Veena et al., 2017).

Author, year Country Design Sample  Sample, gestational age

Assessment Neurodevelopment Neurodevelepment test

Conclusions

(weeks) and method of eval- age assessment areas
uating the levels of 25(OH)D
Datlinget  United ~ Cohort 7065 Maternal blood, 6-42 Fine motor, gross  ALSPAC test The maternal status of vita-
al., 2017 Kingdom <22 weeks’ gestation. months  motor Strengths and Difficul- min D during pregnancy is
and 7, 8,9 Behavior ties Questionnaire associated with neurodevel-
HLPC years (SDQ) opmental variables.
Intelligence quo-  Wechsler Intelligence
tient (IQ) Scale for Children
Reading (WISC)
Neale analysis of reading
ability NARA)
Gale etal, United Cohort 440 Maternal blood, 32.6 weeks’ 9 years 1Q Wechsler Intelligence  Exposure to higher concen-
2008 Kingdom gestation Scale for Children trations of 25(OH)D (>75
Behavior (WISC) nmol/L) has no influence on
RIA Strengths and Difficul- growth, cognitive function,
ties Questionnaire psychological health or car-
(SDQ) diovascular system.
Gould et al., Australia Data 337 Umbilical cord, delivery. 18 months Mental Bayley scales (BSDI I1I) Vitamin D levels in the um-
2017 from an and 4 Motor Differential ability scales bilical cord were positively
RCT LC-MS/MS years Social-emotional ~ (DAS II) associated with language de-
Language Clinical assessment of ~ velopment at 18 months (p=
language fundamentals 0.04) and at 4 years (p=
preschool (CELF-P2)  0.03).
Hanieh et al.,Vietham Cohort 960 Maternal blood, 32 weeks’ 6 months Mental Bayley scales (BSID III) Low concentrations of vita-
2014 gestation. Motor (translated into Viet- ~ min D during pregnancy are
Social-emotional ~ namese) associated with language dif-
LC-MS/MS Language ficulties in the child.
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Author, year Country

Design Sample

Sample, gestational age

Assessment Neurodevelopment Neurodevelepment test

Conclusions

(weeks) and method of eval- age assessment areas
uating the levels of 25(OH)D
Keim et al., United  Cohort 363 Maternal blood, 8 months Mental Bayley scales (BSID I)  Positive association between
2014 States <26 weeks’ gestation. and 4 and 7Motor Stanford-Binet Intelli- maternal status of vitamin D
years 1Q gence and IQ and school perfor-
RIA Wechsler Intelligence  mance between 4 and 7
School performanceScale for Children years. Negative association
(WISC) with internalization —prob-
Behavior Wide Range Achieve-  lems at 4 years.
ment test (WRAT)
Standardized behavioral
symptom
Laird et al,, Seychelles Cohort 189 Maternal blood, delivery 5 years Language Preschool Language High concentrations of vit-
2017 Scale - revised edition amin D are not a limiting
School performance (PLS-TL) factor for growth or neuro-
LC-MS/MS Woodcock-Johnson development in the first 5
Behavior scholastic achievement - years.
1Q second edition
Child Behavior Checklist
(CBCL)
Kaufman Brief Intelli-
gence Test (K-BIT)
Morales et Spain Cohort 1820 Maternal blood, 13.5 weeks” 14 months Mental Motor Bayley scales (BSID II) Higher concentrations of
al., 2012 gestation 25(OH)D in pregnancy are
associated with improved
HLPC mental and psychomotor
development in infants.
Tylavsky et United ~ Cohort 1020 Maternal blood, second tri- 24 months Language Bayley scales (BSID III) Higher concentrations of
al., 2015 States mester of gestation 25(OH)D in the second tri-
mester are positively related
EIA to the development of re-
ceptive language at 2 years.
Veena et al., India Cohort 468 Maternal blood, NA 9-10 years Cognitive function Kaufman Assesment  The maternal status of vita-
2017 Battery for children min D was not related to
RIA cognitive function in chil-
dren.
Whitehouse Australia Cohort 743 Maternal blood, 18 weeks’ 2, 5, 8, 10, Behavior Child Behavior ChecklistVitamin D insufficiency in
et al, 2012 gestation 14 and 17 Language (CBCL) pregnant Caucasian women
years Peabody picture vocabu-is associated with language
EIA and LC-MS/MS lary (PPVT-R) difficulties in their children.
Zhuetal, China Cohort 363 Umbilical cord, delivery. 16 and 18 Mental Bayley scales for China A non-linear association was
2015 months  Motor population (BSID-CR) found between neonatal vit-

RIA

amin D concentrations and
neurocognitive develop-

ment.

25(OH)D, 25-hydroxyvitamin; ELISA, enzyme-linked immunosorbent assay; CLIA, chemiluminescence immunoassay; RIA, radioimmunoassay; LC-
MS/MS, liquid chromatography-tandem mass spectrometry; HPLC, high petformance liquid chromatography; EIA, enzyme immunoassay; ECLIA, electro-
chemiluminesce inmmunoassay; NA, not available; ALSPAC (The Avon Longitudinal Study of Parents and Children, 2007) ; BSID (Bayley, 1993); SDQ
(Goodman, 1997); WISC (Wechsler, 1999); NARA (Neale, 1997); Stanford-Binet (Terman & Merrill, 1960); DAS (Colin, 1990); CELF (Wiig, Secord &
Semel, 2004); PLS (Zimmerman, Steiner & Evett, 2011); Woodcock-Johnson Scholastic Achievement (Woodcock, McGrew & Mather, 2001) K-BIT
(Kaufman & Kaufman, 2004); CBCL (Achenbach & Edelcrock1987; Achenbach, 1991 ); PPVT-R (Dunn & Dunn, 1981)

Quality evaluation

According to the score obtained in the Newecastle-
Ottawa scale, ten observational studies were considered to
be of high methodological quality, while only one was of
moderate quality (Table 2).
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Table 2. Methodological quality of the studies selected, according to the

Newcastle-Ottawa scale.

Study

Selection Comparability Result Total

Darling et al., 2017 ok
Gale et al., 2008 ook
Gould et al., 2017 Hok
Hanieh et al., 2014 Fopopok
Keim et al., 2014 Hork
Laird et al., 2017 ook
Morales et al., 2012 o
Tylavsky et al., 2015 ok
Veena et al., 2017 ok
Whitehouse et al., 2012 ook
Hxk

Zhu et al., 2015

*% *kck 9
ook 6
*% *kck 7
ook 8
*kk 7
ook 7
*% *kck 7
* ook 8
*% *kck 8
fokok 7
*kk 7
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Discussion

This systematic review comprises eleven cohort studies (ten
of a high methodological quality and one moderate) that as-
sess the impact of vitamin D levels during pregnancy on the
neurodevelopment of the child. The results indicate that vit-
amin D levels <50 nmol/L during pregnancy have a negative
effect on the child’s neurodevelopment, with language being
one of the domains most affected.

Most of the studies (81%) were carried out in developed
countries and 88% evaluated the effects of maternal vitamin
D levels on neurodevelopment during lactation and the pre-
school stage.

Vitamin D status during pregnancy

The prevalence of pregnant women with vitamin D defi-
ciency (<50 nmol/L) in the studies reviewed ranged between
19% and 49% depending on the characteristics of the popu-
lation. In a recent study conducted in the US, pregnant
women had an average vitamin D concentration below the
limits considered sufficient (45 nmol/L) (Keim et al., 2014),
while in another study the prevalence of vitamin D deficien-
cy was 42% (Tylavsky et al., 2015). Two studies conducted in
the United Kingdom found a similar prevalence of vitamin
D deficiency in pregnant women, one being 41% (Darling et
al., 2017) and the other 47% (Gale et al., 2008). In Spain this
deficit was much lower at 19% (Morales et al., 2012), while
in Australia it ranged between 42% (Gould et al., 2017) and
25% (Whitehouse et al., 2012). In Asia the highest prevalence
of insufficiency was between 60% and 62% (Hanich et al.,
2014; Veena et al, 2017). Also noteworthy was the high
prevalence of children with vitamin D deficiency (78%) in
China (Zhu et al., 2015), this value correlating with maternal
concentrations (Maghbooli et al., 2007; Markestad, Aksnes,
Ulstein, & Aarskog, 1984). Moderate exposure to the sun is
the main source of vitamin D for humans (Rodriguez-Dehli
et al., 2015). The season, latitude, weather, use of sunscreen,
skin color and clothes all have an influence on the amount of
ultraviolet rays that penetrate the skin, and thus on the syn-
thesis of vitamin D (Holick, 2004). Dietary intake of vitamin
D can also affect vitamin D levels, but there are very few
foods that contain this nutrient. Geographical location, the
time of blood extraction, skin color and the low intake of
foods with vitamin D are possibly the factors most related to
the high prevalence of vitamin D deficiency found in the
studies.

Currently there is no consensus on adequate or inade-
quate levels of vitamin D in the general population and even
less as regards during pregnancy and in the child stage. In
2010 the US Institute of Medicine defined vitamin D defi-
ciency as being levels of 25 (OH) D <30 nmol/L (12
ng/ml), insufficiency as between 30 and 50 nmol/L (12 to
20 ng/ml) and sufficient levels as =50 nmol/L (= 20
ng/ml) (Institute of Medicine, 2010). The American Society
of Endocrinology, however, defined deficiency as being lev-

els of 25 (OH) D <50 nmol/L (20 ng/mlL), insufficiency as
between 52.5 and 72.5 nmol/L (21-29 ng/mL) and optimal
or adequate levels as >75 nmol/L (>30 ng/ml) (Holick et
al,, 2011). Regardless of the proposed cut-off points, it has
been observed that vitamin D levels <50 nmol/L during
pregnancy are associated with an increased risk of pre-
eclampsia (Wei et al., 2013), gestational diabetes (Wei et al.,
2013), being small for gestational age (Santamaria et al., 2018;
Wei et al., 2013) and preterm infants (Qin, Lu, Yang, Xu, &
Luo, 2016; Wei et al., 2013), while levels of 25 (OH) D <30
nmol/L are associated with low birthweight (Santamatia et
al., 2018).

Not all the studies in this systematic review define vita-
min D deficiency at the same cut-off point. The studies car-
ried out in Spain (Morales et al., 2012), the United States
(Keim et al., 2014; Tylavsky et al., 2015), the United King-
dom (Datling et al., 2017), Australia (Gould). et al., 2017),
China (Zhu et al,, 2015) and India (Veena et al., 2017) used
the same definition of vitamin D deficiency as the American
Society of Endocrinology (<50 nmol/L), while those cartied
out in Vietnam (Hanieh et al., 2014), the Republic of Sey-
chelles (Laird et al., 2017), the United Kingdom (Gale et al.,
2008) and Australia (Whitehouse et al., 2012) used the cut-
off point proposed by the Institute of Medicine. In some
studies, the two cut-off points (<30 and <50 nmol/L) were
used, and in both cases a negative impact on the child’s neu-
rodevelopment was observed.

Association of vitamin D status with cognitive and
motor development

At 6 months Hanieh et al. (2014) found no association
between vitamin D levels and the mental, motor and social-
emotional domains, although lower scores in language were
observed. Using the same test, Keim et al. (2014) found no
relationship between vitamin D levels during pregnancy and
neurodevelopment at 8 months.

The observational studies included suggest that having
levels of 25 (OH) D <50 nmol/L in pregnancy has a nega-
tive effect on the mental and motor development of children
between 14 and 30 months. In a prospective cohort study
conducted in 4 populations of Spain (Sabadell, Valencia, As-
turias, and Gipuzkoa) it was observed that the children of
women with vitamin D levels <50 nmol/L were disadvan-
taged in the score for mental and motor development at 14
months compared to the children of women with levels >75
nmol/L (Motales et al,, 2012). In the study conducted in
China it was found that children at 18 months with umbilical
cotd vitamin D levels <21 nmol/L wete 7.06 points lower in
the mental domain and 8.04 points lower in the motor do-
main compared to children with levels >40 nmol/L (Zhu et
al., 2015). Both of these studies assessed neurodevelopment
through the BSID II test. In the United Kingdom, Darling et
al. (2017) found that deficient levels of vitamin D (<50
nmol/L) increase the risk of difficulties in gross motor de-
velopment at 18 and 30 months and in fine motor develop-
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ment at 30 months. Unlike previous tresearch, this study as-
sessed motor development using the ALSPAC preschool
questionnaires.

Cognitive development was assessed through 1Q. In the
United Kingdom, Gale et al. (2008) were the first to evaluate
the association between maternal vitamin D levels and the
child's IQ. This study found no association between vitamin
D levels during pregnancy and 1Q. However, this may have
been due to the fact that the cohort in this study was small
(178 mothers and children) and the results were not adjusted
for confounding variables. Also in the UK, a recent study
with a cohort of 7065 mothers and children found a signifi-
cant association between vitamin D levels <50 nmol/L dur-
ing pregnancy and verbal intelligence assessed at 8 years (OR
1.19 95% CI 1.02 to 1.39, p= 0.03). In the United States a
positive association was found between maternal vitamin D
levels and 1Q), reading and spelling at ages 4 and 7 years, and
arithmetic performance at 7 years (Keim et al., 2014). How-
ever, in this same age range a study conducted in India and
another in the Republic of Seychelles found no association
(Laird et al., 2017; Veena et al., 2017), and indeed the Indian
study used a wider battery of neuropsychological tests. In the
Republic of Seychelles study, the lack of association could be
due to the fact that most of the women had sufficient levels
of vitamin D.

The biological mechanisms in which a deficiency of vit-
amin D can affect the development of the brain are currently
unknown. However, vitamin D regulates 3% of known hu-
man genes (Mizwicki & Norman, 2009), and therefore defi-
cient levels could affect the expression process of genes that
code for proteins that control motor and cognitive function.
In a recent systematic review of animal models, it was ob-
served that genetic expression (of genes that code for pro-
teins involved in synaptic plasticity) is affected in the off-
spring of mothers exposed to a deficiency of vitamin D (Pet
& Brouwer-Brolsma, 2016). In addition, a change in 1,25 di-
hydroxyvitamin D3 can play a part in motor development
through the dopaminergic pathway. Experimental models in
rats suggest that vitamin D plays an important role in dopa-
minergic systems (Pet & Brouwer-Brolsma, 2016).

Motor and executive function development (frontal parts
of the brain) is related to the process of myelination (Rossel-
li, 1997, Rosselli 2003). Vitamin D, as a neuroactive steroid,
plays an essential role in myelination, which is important for
brain connectivity (Wang et al., 2016). The process of mye-
lination begins three months after conception, although few
areas of the brain are myelinated at birth. A deficiency of vit-
amin D during pregnancy could probably interfere with the
beginning of this process and make maturing more difficult
at later ages. This is a complex process and one that could al-
so be affected by deficiencies of other nutrients during preg-
nancy.

Only two studies found a relationship between vitamin D
levels during pregnancy and IQ. One possible explanation
could be the origin of the studies included in the present re-
view. Those that showed no relationship were carried out in
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developing countries, where deficiencies of micronutrients
rarely occur in isolation. In most undernourished popula-
tions, several nutrient deficiencies (iron, folate, copper, zinc,
vitamin A, B12, etc.) that affect brain development ate also
likely to be present, and so it is difficult to determine which
nutrient is responsible for the particular effects studied. An-
other possible mechanism that is believed to influence the
delay of certain cognitive abilities is intrauterine growth re-
tardation, e.g. a lower cephalic circumference at birth. Sever-
al studies have shown that children of mothers with deficient
levels of vitamin D (<30 nmol/L) have a lower cephalic cir-
cumference compared with children of mothers with higher
levels (Eckhardt et al., 2015; Motley et al., 2000).

Association of vitamin D status with language de-
velopment

Hanieh et al. (2014) found a lower score on the language
scale (BSID III) in children at the beginning of language de-
velopment (6-month-old infants) when their mothers had
vitamin D levels <37.5 nmol/L during pregnancy. In the
United States, Tylavsky et al. (2015) assessed language devel-
opment at 2 years (BSID II) and observed that the children
of mothers with vitamin D levels <50 nmol/L had lower
scores in receptive and expressive language compared to
those with levels >75 nmol/L. In the study conducted in
Australia in 2012, it was observed that the children of wom-
en with vitamin D levels <37 nmol/L had up to twice the
risk of being categorized as having severe language difficul-
ties compared to the children of women with levels >75
nmol/L (OR 2.04 95% CI 1.14 to 3.68), although after ad-
justing for confounding variables the increase in risk was
similar for both groups (OR 1.92 95% CI 1.01 to 3.62)
(Whitehouse et al., 2012). A recent study in the same country
found that an increase of 10 nmol/L in vitamin D levels in
the umbilical cord is associated with an increase of 0.6 points
in the language scale at 18 months as assessed by BSID 111,
and an increase of 0.67 points at 4 years as assessed by
CELF-P2 (Gould et al., 2017).

In short, there are many studies that seem to observe a
negative impact on language development in children whose
mothers had low levels of vitamin D during pregnancy. The
development of language depends on the affective and intel-
lectual relationships of the child, and the learning processes
and the maturing of the anatomo-functional structure. Defi-
cient vitamin D exposure in the uterus may affect develop-
ment of the perisylvian structures responsible for language
(Binder et al.,, 1997), which are those affected in children
with language development difficulties (Webster et al 2004,
Whitehouse et al., 2008). In animal models it has been ob-
served that a deficiency of vitamin D during pregnancy can
affect the morphology and physiology of the brain (Pet &
Brouwer-Brolsma, 2016). In addition, a study in mice
showed a reduction in volume of the lateral ventricle of the
brain and the expression of genes involved in neuronal sur-
vival, such as the brain-derived neurotrophic factor (BDNF),
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the transforming growth factor $1 (Tgf- 81) and the Foxp2
protein (Forkhead box protein P2). People with a single
functional copy of the transcription factor encoded by this
gene have other difficulties in language (learning and control
of speech movements) (Gaceta Médica, 2014).

It is known that perisylvian structures including the tem-
poral plane, the triangular portion and the inferior frontal gy-
rus of the brain develop during the second and third tri-
mesters of pregnancy (Quarello, Stirnemann, Ville, &
Guibaud, 2008). However, not all studies that assess lan-
guage development measure vitamin D levels during this pe-
riod. Two of those reviewed measure vitamin D during the
second trimester (Tylavsky et al., 2015, Whitchouse et al.,
2012), one during the third trimester (Hanich et al., 2014)
and one during delivery via the umbilical cord (Gould et al.,
2017). It may be that studies that measure vitamin D during
the third trimester or at the end of the pregnancy do not re-
flect vitamin D levels in the early stages of pregnancy.

Association of vitamin D status with behavior

In studies that assessed behavior and its relationship with
vitamin D levels during pregnancy, no association was
found. In the United States, Keim et al. (2014) found that
the children of mothers with the highest levels of vitamin D
have a lower risk of internalization problems at 4 years. Alt-
hough no consistent results have been observed regarding
the relationship between vitamin D deficiency during preg-
nancy and behavior, it has been seen that low levels of vita-
min D can affect the production of serotonin. Vitamin D is
known to activate transcription of the gene that synthesizes
serotonin in the brain (tryptophan hydroxylase 2) and affects
the production of serotonin in peripheral tissues (Patrick &
Ames, 2014). However, it is difficult to determine whether a
deficiency during pregnancy can affect behavior or the risk
of psychopathology during eatly stages due to the wide varie-
ty of factors that explain a child's behavior (genetic factors,
prenatal environment, family, social and other environments,
individual and environmental factors).

Strengths and limitations

A wide search strategy was followed for studies on the
relationship between vitamin D status during pregnancy and
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