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What is already known
on this topic?

Vitamin D deficiency is a major
public health problem worldwide.
Adequate VD status is important
for mothers, neonates, and chil-
dren, and vitamin D deficiency
is common among breastfed
infants who do not receive VD
supplementation due to inad-
equate vitamin D in human milk.
In the context of national vitamin
D supplementation to infants,
Turkish Ministry of Health recom-
mends 400 IU of vitamin D during
the first year of life.

What this study adds on
this topic?
e Children on VD prophylaxis

had higher levels of 25-OHD
than those who were not on
prophylaxis.

Infants of mothers who used vita-
min D supplementation regularly
during pregnancy and lactation
were found to be more likely to
have 25-OHD levels in the suffi-
ciency range.

Receiving VD prophylaxis and
supplementation of mothers with
VD during lactation had a signifi-
cant effect on 25-OHD levels.
Vitamin D supplementation at
a dose of 400 IU seems to be
sufficient to prevent vitamin D
deficiency.
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ABSTRACT

Background: Vitamin D deficiency is a major public health problem. The aim of our study was
to determine serum 25-hydroxyvitamin D levels among healthy children aged 3-36 months in
a setting where vitamin D prophylaxis is a national policy for infants during the first year of life
and among pregnant women.

Methods: A total of 190 healthy children with a mean age of 15.9 + 10.4 months were prospec-
tively enrolled.

Results: The mean 25-hydroxyvitamin D level of children was 38.1 + 16.2 ng/mL.
25-Hydroxyvitamin D level was >20 ng/mL in 87.4% of children while it was between 12 and
19 ng/mL in 10.5% and <12 ng/mL in 2.1% of the children. Children who were on vitamin D pro-
phylaxis were found to have significantly higher 25-hydroxyvitamin D levels than those who
were not on prophylaxis (41.6 + 17.6 vs 33.6 + 13.1 ng/mL; P = .001). None of the children >1year
of age who were on prophylaxis had 25-hydroxyvitamin D levels <20 ng/mL. No significant
difference in 25-hydroxyvitamin D levels was found between children who were receiving dif-
ferent vitamin D doses (400 U vs >400 IU). Analysis of covariance revealed that vitamin D pro-
phylaxis and vitamin D supplementation of the mother during lactation had significant effects
on 25-hydroxyvitamin D levels (P =.034 and P = .009, respectively).

Conclusion: Although vitamin D prophylaxis at a dose of 400 IU seems to be sufficient to prevent
vitamin D deficiency, we suggest that continuing vitamin D supplementation beyond 1 year of
age with supplementation of pregnant and especially lactating mothers could have an impact
on a replete vitamin D status among infants.

Keywords: Children, vitamin D deficiency, vitamin D status, 25-OH vitamin D

INTRODUCTION

Vitamin D (VD) deficiency is a major public health problem worldwide. Vitamin D deficiency
has been reported to lead to a variety of adverse effects in mothers, neonates, and children
such as rickets in infants and children and osteomalacia, hypocalcemia, preeclampsia, pre-
term birth, an increased risk of gestational diabetes, and hypertension among mothers."?
Vitamin D deficiency has also been associated with an increased rate of lower respiratory
tract infections in infancy and childhood and autoimmune diseases, such as type 1 diabetes.?
Some studies reported that lower maternal and neonatal VD levels have been associated
with neonatal sepsis and prematurity complications such as bronchopulmonary dysplasia
and necrotizing enterocolitis.*® Therefore, adequate VD status seems to be important for
mothers, neonates, and children. Vitamin D deficiency is common among breastfed infants
who do not receive VD supplementation due to inadequate VD in human milk. Maternal VD
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status is also a determinant of neonatal VD levels.”® Studies
among pregnant women have shown a high prevalence of
VD deficiency worldwide.®® Therefore, VD supplementation of
breastfeeding mother-infant pairs should be a global concern.
In the context of national VD supplementation to infants, Turkish
Ministry of Health recommends 400 U of VD during the first
year of life in order fo prevent rickets and VD deficiency similar
to the recommendations of European Academy of Pediatrics
and American Academy of Pediatrics.™” Vitamin D has been
started to be supplemented free of charge to all infants under
1 year of age since 2005. Maternal VD supplementation has
also been recommended by Turkish Ministry of Health, starting
at 12th gestational week until 6 months postpartum for all preg-
nant women at a dose of 1200 1U/day since May 2011.

The aim of our study was to determine the serum 25-hydroxyvi-
tamin D (25-OHD) levels, the prevalence of VD deficiency and
insufficiency, and the factors that may influence the VD status
among healthy children aged 3-36 months in a setting where
VD prophylaxis is a national policy for infants during the first
year of life and among pregnant women.

METHODS

Study Participants

The study group consisted of healthy children aged 3-36 months
who were admitted to the outpatient Healthy Child Clinics
of Istanbul University, Cerrahpasa Medical Faculty, Istanbul
(latitude 41°N), Turkey, for their routine control and vaccina-
tion between September 01, 2013, and November 31, 2013, and
whose parents gave informed consent for the study. Patients
with clinical findings of rickets, patients with chronic diseases
such as neurological, cardiovascular, respiratory, renal, and
hepatic, or patients who were using anticonvulsant drugs and
who were born preterm were excluded from the study.

Questionnaires About Vitamin D Prophylaxis, Nutrition, and
Lifestyle

A questionnaire regarding the duration of VD prophylaxis,
dosage, duration of sun exposure, duration of breastfeeding,
consumption of vitamin D-rich foods, maternal VD prophylaxis
during pregnancy and lactation, the educational status and
clothing style of the mother was given to the parents of each
child at the well-child visit.

Definitions

Regular VD consumption by mothers was defined as using
VD or VD-containing vitamin preparations >5 days/week for
>3 weeks. Infants who were not breastfed for 1 month were
defined as not taking breast milk. Vitamin D-rich food (such as
fish, egg, milk, and liver) consumption was defined as consum-
ing foods rich in VD at least 3 days a week. Vitamin D deficiency
has been defined as a 25-OHD level <12 ng/mL (30 nmol/L),
while VD insufficiency is defined as a 25-OHD level between
12 and 19 ng/mL (30-50 nmol/L) and VD sufficiency is defined
as 25-OHD >20 ng/mL (>50 nmol/L) according to the Global
Consensus Recommendations.®

Laboratory Measurements

The levels of 25-OHD, parathyroid hormone (PTH), calcium
(Ca), phosphorus (P), and alkaline phosphatase (ALP) were
determined in every child. Blood samples of the enrolled

infants were obtained at the time of admission to the outpa-
tient clinics. Plasmas of blood samples were separated and
stored at —80°C. Levels of 25-OHD and PTH were determined
using Roche Cobas 8000 analyzer (Roche Diagnostics, Basel,
Switzerland) by chemiluminescence method, and Ca, P, and
ALP levels were determined using the same analyzer by spec-
trophotometric method.

The study protocol was approved by the Ethical Committee of
Istanbul University, Cerrahpasa Medical Faculty (2013/11263).
Informed parental consent was obtained for all enrolled infants.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) for Windows
21.0 software (IBM Corporation, Armonk, NY) was used to eval-
uate the data. Categorical variables were summarized as count
and percentage, whereas continuous ones were summarized
as mean, SD, median, minimum, and maximum. Categorical
ones were compared using chi-square and Fisher’s exact test.
Logistic regression analysis and analysis of covariance were
performed to determine the influence of the variables on VD
levels. Statistical significance was considered at P < .05.

RESULTS

Clinical Characteristics

A total of 190 healthy term children (102/88: males/females)
with a mean age of 15.9 + 10.4 months (3-36 months) were
enrolled. Of those 190 children, 101 (53.2 %) were between 3
and 12 months of age and 89 (46.8 %) were >12 months of age.
Mean body weight and mean length were 10 345 + 3135 g and
79.2 +12.3 cm, respectively.

PREVALENCE OF VITAMIN D DEFICIENCY

The mean 25-OHD level of the enrolled subjects was 38.1 +
16.2 ng/mL. 25-Hydroxyvitamin D level was >20 ng/mLin 87.4%
of children while it was between 12 and 19 ng/mL in 10.5% and
<12 ng/mL in 2.1% of the enrolled subjects. 25-Hydroxyvitamin
D levels <10 ng/mL were detected only in 2 of the enrolled
patients (1.05%); however, none of the patients had a 25-OHD
level <5 ng/mL. Mean Ca, P, ALP, and PTH levels of patients
were found to be normal (Table 1). 25-Hydroxyvitamin D levels
in the sufficiency range were found in 86.1% and 88.8% of sub-
jects <12 months and >12 months of age, respectively. Vitamin
D levels with regard to age are presented in Table 2.

Variables Associated With Vitamin D Sufficiency Using
Statistical Comparisons

Since Turkish Ministry of Health recommends 400 IU of vitamin D
during the first year of life, enrolled subjects were divided into

Table 1. Mean Levels of 25-Hydroxyvitamin D (25-OHD),
Parathyroid Hormone (PTH), Calcium (Ca), Phosphorus (P), and
Alkaline Phosphatase (ALP)

Age (months) 15.9 +10.4
25-OHD (ng/mL) 38.15 +16.2

PTH (pg/mL) 20.5+8.5

Ca (mg/dL) 9.2+ 0.9

P (mg/dL) 5.2+0.9

ALP (1U/L) 198.8 + 59.3
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Table 2. 25-Hydroxyvitamin D (25-OHD) Levels With Regard to Age Among Enrolled infants

Number of Infants With VD Deficiency, <20 ng/mL

Number of Infants With VD Sufficiency, >20 ng/mL P

<12 months 14 (13.9%)

87 (86.1%) 587

>12 months 10 (11.2%)

79 (88.8%)

2 groups as those <1year of age and those over 1 year of age.
Of 101 children who were <1 year of age, 90 (89.1%) were on
vitamin D prophylaxis while 18 of 89 children (20.2%) >1year of
age were on prophylaxis. Children who were on VD prophylaxis
were found fo have a mean 25-OHD level of 41.6 + 17.6 while
those who were not on prophylaxis had a mean 25-OHD level
of 33.6 + 13.1. Children who were on prophylaxis were found to
have significantly higher 25-OHD levels (P = .001). Although
a higher percentage of infants <1 year of age who were on
prophylaxis had 25-OHD levels in the sufficiency range (>20
ng/mL), there was no statistically significant difference when
compared to those who were not on prophylaxis. None of the
children >1 year of age who were on prophylaxis was found
to have 25-OHD levels in the deficiency range (<20 ng/mL).
Among the whole cohort, a higher percentage of subjects who
were on prophylaxis had 25-OHD levels in the sufficiency range
than those who were not on prophylaxis, although it did not
reach a statistical significance (Table 3). 25-Hydroxyvitamin D
levels were in the sufficiency range (>20 ng/mL) in 84.7% and
94.1% of children who received vitamin D at a dose of 400 IU
or >400 U, respectively. In the group with VD supplementation

>400 U, 8 subjects were recorded to receive VD at a dose of
800 IU. Vitamin D status of children with regard to dosage of
VD prophylaxis is presented in Table 4. There was no statisti-
cal difference in percentage of infants with VD level >20 ng/
mL between subjects with regard to consumption of VD-rich or
-poor diet and exposure to sunlight. There was also no statisti-
cal difference in VD status of subjects with regard to educa-
tional level and clothing type of mothers. Infants of mothers
who used VD supplementation during pregnancy were more
likely to have 25-OHD levels in the sufficiency range (P =.037).
When infants of mothers who used VD supplementation during
lactation were compared to those whose mothers did not use
VD during lactation, they were more likely to have a VD level
>20 ng/mL (P =.048). None of the infants whose mothers were
receiving VD during lactation had 25-OHD levels <20 ng/mL
(Table 5). Logistic regression analysis was performed to deter-
mine the effect of receiving VD prophylaxis, age, maternal VD
intake during pregnancy and lactation on having a 25-OHD
level in the sufficiency range (>20 ng/mL), and no variable
was found to have an effect on having 25-OHD level in the suf-
ficiency range by multivariate regression analysis. However,

Table 3. 25-Hydroxyvitamin D (25-OHD) Levels With Regard to VD Intake
VD Intake Number of Infants With VD Levels, <20 ng/mL Number of Infants With VD levels, >20 ng/mL P
Infants <12 months
No 3(27.3%) 8 (72.7%) 178
Yes 11(12.2%) 79 (87.8%)
Infants >12 months
No 10 (14.1%) 61(85.9%) .203
Yes 0 18 (100%)
All infants
No 13 (15.9%) 69 (84.1%) 244
Yes 11 (10.2%) 97 (89.8%)
Table 4. VD Status of Children With Regard to Dosage of VD Prophylaxis
Number of Infants With VD Deficiency, Number of Infants With VD Sufficiency,
VD Dosage (1U) Number of Infants <20 ng/mL >20 ng/mL P
400 59 9 (15.3 %) 50 (84.7%) 137
>400 51 3(5.9%) 48 (94.1%)
VD, Vitamin D.
Table 5. Distribution of 25-OHD Levels With Regard to VD Supplementation During Pregnancy and Lactation
Number of Infants With 25-OHD Level, Number of Infants With 25-OHD Level, P
<20 ng/mL >20 ng/mL
VD supplementation during pregnancy
No 14 (18.9%) 60 (81.1%) .037
Yes 10 (8.6%) 84 (91.4%)
VD supplementation during lactation
No 24 (14.5%) 142 (85.5%) .048
Yes 0 24 (100.0%)
VD, Vitamin D; 25-OHD, 25-hydroxyvitamin D.
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analysis of covariance revealed that receiving VD prophylaxis
and supplementation of mothers with VD during lactation had
a significant effect on 25-OHD levels (P = .034 and P = .009,
respectively).

DISCUSSION

In this study, we investigated the VD status in a group of healthy
Turkish children aged 3-36 months in a setting where VD sup-
plementation is a national policy for infants during the first year
of life and among pregnant women. In our study cohort, 87.4%
of children were found to have a 25-OHD level >20 ng/mL and
10.5% had levels between 12 and 19 ng/mL despite VD prophy-
laxis. Vitamin D insufficiency or deficiency is a global problem
which has been reported not only in infants but also in pregnant
and lactating mothers, and contemporary studies from differ-
ent parts of the world have reported different prevalence rates
of VD deficiency and nutritional rickets." Vitamin D deficiency is
also said to be widespread across Europe.™ In a metaanalysis
of studies of European children, teenagers, adults, and older
adults encompassing 55 844 individuals living in latitudes rang-
ing between 35°N and 69°N, the prevalence of VD deficiency
(<20 ng/mL) was found to be 40.4%.” In a systemic review
of VD status extracting data from 107 studies that represent
630 093 individuals in southern European countries, more than
one-third of the studies reported mean 25-OHD concentrations
<20 ng/mL and ~10% reported mean serum 25-OHD concen-
trations <10 ng/mL with the finding that females, neonates/
infants, and adolescents had the higher prevalence of poor VD
status.’® In studies investigating VD levels in children and ado-
lescents in Turkey, Andiran et al.” found that 40% of 440 chil-
dren aged 0-16 years had VD levels <20 ng/mL, and among
849 children aged 1-16 years, this rate was 8% in the study of
Akman et al.’® In a study investigating VD status across different
age groups in Turkey, mean 25-OHD levels of children <1 year
were found to be 37.3 ng/mL, and the prevalence of VD levels
<20 ng/mL was found to be lowest also in this age group when
compared to older age groups which was attributed to the ben-
eficial effects of the vitamin D supplementation program in the
0- to 1-year-old age group in Turkey.” In a study from Boston,
Gordon et al.?® found that the prevalence of VD deficiency
(<20 ng/mL) among 380 infants aged 8-24 months was 12.1%,
and 40.0% had levels <30 ng/mL similar to the rates in our
study. In Turkey, after implementation of VD supplementation
for infants <1 year of age in 2005, there has been a notable
reduction in rickets from 6% in 1998 to 0.1% in 2008 in children
<3 years of age.??? In our study, of the enrolled children who
were <1year of age, 89.1% were on vitamin D prophylaxis which
may be a reflection of the well-adopted national recommen-
dations. We found that a higher percentage of infants who
were on VD prophylaxis had 25-OHD levels in the sufficiency
range, and those on prophylaxis were found to have signifi-
cantly higher 25-OHD levels compared to those who were not
on prophylaxis. In fact, among subjects over 1 year of age who
were on prophylaxis, none of them had VD levels in the defi-
ciency range (<20 ng/mL) which might reflect a beneficial role
of continuing prophylaxis beyond the first year of life for main-
taining a sufficient VD level in children.

In the study of Gallo et al.,?® 132 healthy term 1-month-old
infants were randomized to 4 different doses of VD (400, 800,

1200, and 1600 IU) with the primary outcome of 25-OHD level
>30 ng/mL at 3 months of age. This outcome was achieved in
55%, 81%, 92%, and 100%, respectively, but this concentration
was not sustained in 97.5% of infants at 12 months in any group,
and the 1600 IU/day dosage was discontinued due to elevated
25-OHD levels. However, all dosages established 25-OHD con-
centrations >20 ng/mL which was sustained in 98% at 12 months.
They found no difference in growth and mineral content with
regard to dosage. Gallo et al.? in a recent study reported that
longer-term outcomes of their 2013 article found no significant
differences among groups of different doses of VD supplemen-
tation with regard to lumbar spine or whole-body bone min-
eral density, bone mineral content, and mineral accretion. In
our study, 8 patients were on a VD supplementation of 800 IU,
and all were found to have 25-OHD levels in the sufficiency
range. Although more infants who were receiving VD at a dose
>400 IU were found to have 25-OHD levels in the sufficiency
range than those who were on prophylaxis at a dose of 400 U,
there was no statistical difference between the groups which
may reflect the adequacy of VD prophylaxis at a dose 400 IU.
In the study by Mutlu et al.? from Turkey, it was also suggested
that 400 IU/day vitamin D was adequate to prevent vitamin D
deficiency. In a systemic review by Mimouni et al.?® published in
2017, randomized controlled trials since 2009 that investigated
VD doses in infancy were reviewed, and the authors concluded
that there was no additional evidence that larger daily doses
of VD beyond the recommended dose of 400 IU affected any
significant outcome.

In our study, infants of mothers who used VD supplementation
regularly during pregnancy were more likely to have 25-OHD
levels in the sufficiency range which was in accordance with
other studies.?”-* |n the study of Vid Streym et al.,?® infants born
to mothers who used VD supplements had higher cord blood
25-OHD levels than those who did not use. Grant et al.” also
found that daily VD supplementation during pregnancy and
then infancy increased the proportion of infants with 25-OHD
levels >30 ng/mL. In our study, 91.4% of the infants of mothers
who were using VD during pregnancy and 100% of the infants
of mothers who were using VD during lactation had 25-OHD
levels >20 ng/mL. In our study, covariance analysis revealed
that receiving VD prophylaxis and supplementation of mothers
with VD during lactation had a significant effect on 25-OHD
levels.

European Academy of Pediatrics recommends that all
infants should receive an oral supplementation of 400 U of
VD, and the upper limit of safety is set at 1000 |U/day for
infants." However, data from contemporary studies suggest
that doses in excess of 400 IU did not cause hypercalcemia.
In the study of Gallo et al.,?® VD dosage of 1600 IU/day was
discontinued not due to hypercalcemia but due to 25-OHD
levels exceeding the normal healthy range of 20-50 ng/mL.
However, Endocrine Society states that 25-OHD concen-
trations >100 ng/mL (=250 nmol/L) are safe for children,
whereas concentrations >150 ng/mL (>375 nmol/L) are
excessive.*® In other 2 studies from Finland,®*3? VD supple-
mentation of 1200 IU or 1600 IU/day during infancy caused
no severe hypercalcemia and was considered safe in term
infants; in fact, 1600 IU dose maintained 25-OHD levels
>30 ng/mL in all infants.
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There are some limitations of our study. First of all, VD level was
not measured in all months of the year but only during a 3-month
period which was the autumn period, and determination of the
duration of exposure to sunlight depended on caregivers’ sub-
jective verbal statements which were subject o under- or over-
reporting. This might be the reason for not finding any effect of
exposure fo sunlight on VD levels. Data on VD intake from diet
also depended on subjective verbal statements of the caregiv-
ers which might not reflect the exact amounts of consump-
tion. In Turkey, there is no fortification of foods and drinks with
VD. We did not have any data about maternal 25-OHD levels.
The study cohort consisted of infants with a wide age range
between 3 and 36 months, not including only those <1 year of
age. This might be a plausible explanation of not finding any
effect of maternal VD intake during pregnancy on the infants’
level of 25-OHD in the logistic regression model. In the study of
Vid Streym et al.,?® maternal plasma 25-OHD level was found to
be a significant determinant of infant plasma 25-OHD levels at
birth and at 4 months of age but not at age of 9 months.

CONCLUSION

Despite a high compliance of VD prophylaxis among our study
cohort, VD deficiency determined as 25-OH levels <20 ng/mL
was still apparent in a small percentage of infants (12.6% of
the study cohort). Although there has been an ongoing debate
about the dosage or duration of VD supplementation, based on
the currently available evidence, we can suggest that 400 U of
VD prophylaxis during the first year of life is adequate. However,
besides this routine practice, continuing VD supplementation
beyond 1year of age with VD supplementation of pregnant and
lactating mothers might be a reasonable approach to ensure
a replete VD status among infants. Therefore, supplementation
of infants in the first year of life and beyond and supplementa-
tion of mothers with VD especially during lactation should be a
primary global public health concern.
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