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Abstract

This systematic review/meta-analysis aims to highlight the effect of vitamin D supplementation in deficient children
suffering from obesity. Published clinical studies on vitamin D supplementation in obese children and adolescents
with vitamin D deficiency were identified through a comprehensive MEDLINE/PubMed search (from July 1966 to
November 2017). Outcomes intended after vitamin D supplementation were improvements in vitamin D status,
BMI alterations and appetite changes. The inclusion criteria were children aged 2 to |8years of both sexes in
clinical trials that specified the oral and/or intramuscular dose of vitamin D supplementation. Ten studies were
retrieved, but only 6 were relevant. First, supplemented obese children and adolescents were compared to non-
obese controls; thereafter, supplemented obese children and adolescents were compared to matching obese peers
given placebo. Pooled risks from the 2 studies that evaluated the number of obese and non-obese children and
adolescents who improved upon vitamin D supplementation revealed that obesity poses a risk for not benefiting
from the vitamin D supplementation regardless of the dose and the duration of supplementation. Pooled results
from the 6 retrieved studies that compared supplemented obese children and adolescents to matching non-obese
or obese peers given placebo revealed significantly lower vitamin D levels in obese participants than in non-obese
peers. Vitamin D levels are significantly lower in obese children and adolescents with obesity, posing a risk for not
benefiting from vitamin D supplementation regardless of the dose and duration of supplementation.
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Introduction however, there is a lack of data from robust random-
ized controlled trials on vitamin D supplementation.*
Williams et al® concluded that obese children should be
considered for routine vitamin D screening.

Recently, it was suggested that vitamin D supplemen-
tation may enhance weight reduction and prevent bone

Both childhood obesity and vitamin D deficiency are
common in the Middle East. Additionally, the body adi-
posity index is significantly associated with 25 hydroxy
vitamin D [25(OH)D] levels in Arab children.! Among
the possible determinants of low vitamin D status in pre-
school children in the Makkah region were high BMI,
inadequate vitamin D intake, and low levels of outdoor “part! °
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loss in obese children with this deficiency.® Brinkmann
et al” warned against weight excess, which interferes
with the response to vitamin D supplementation, leading
to an attenuated increase in 25(OH)D even with
supplementation.

On the basis of a bi-directional genetic approach that
limits confounds, it was previously concluded that a
high BMI leads to low 25(OH)D, while any effects of
low 25(OH)D increasing BMI are likely to be small.?
The latter study further added that population-level
interventions to reduce BMI are expected to decrease
the prevalence of vitamin D deficiency.

Our systematic review/meta-analysis aims to high-
light the effect of vitamin D supplementation in defi-
cient children suffering from obesity. Comparing
different results of supplementation between children
and adolescents and between obese versus overweight
individuals would be a secondary objective.

Methodology

Published clinical studies on vitamin D supplementa-
tion in obese children and adolescents with vitamin D
deficiency were identified through a comprehensive
MEDLINE/PubMed search (from July 1966 until
November 2017) using a variety of Medical Subjects
Headings and free text words: (vitamin D AND supple-
mentation AND clinical trials AND children AND obe-
sity). We conducted additional searches of Cochrane
Central Register of Controlled Trials, Science Direct,
Scirus, ISI Web of Knowledge, Trip Database, Google
Scholar, previously published reviews, examination of
cited reference sources, and personal contact and dis-
cussion with several investigative experts in the field.
Outcomes intended after vitamin D supplementation
were improvements in vitamin D status, BMI altera-
tions and appetite changes.

The inclusion criteria were children over the age of
2years and up to the age of 18years of both sexes who
participated in clinical trials that specified the oral
and/or intramuscular dose of vitamin D supplementation.
Exclusion criteria were studies conducted on children with
chronic or metabolic diseases or those conducted on chil-
dren receiving drugs, fortified foods, or vitamin D-enriched
foods that could affect vitamin D status. Additionally, tri-
als that did not specify the age of the participants or the
dose for vitamin D supplementation were also excluded.

Abstracts of articles identified using the search strat-
egies previously mentioned were viewed, and articles
that appeared to fulfill the inclusion criteria were
retrieved in full. Studies reporting data on at least one of
the outcome measures were included in the study.

Each article identified was reviewed and categorized
into one of the following groups:

e included: randomized controlled clinical trials
(RCTs) or controlled clinical trials (CCTs) that
met the described inclusion criteria and those
where it was impossible to tell from the abstract,
title or MeSH headings;

e excluded: non-RCT and non-CCT studies.

Outcomes from included trials were combined. Reasons
for heterogeneity of studies were explored, and if nec-
essary, sensitivity analysis was performed on the basis
of methodological quality and random effects versus
fixed effects modeling. Subgroup analyses were based
on age (children or adolescents), obesity or overweight
classifications and duration and dose of vitamin D
supplementation.

All statistical analyses for pooling the studies were
performed on STATA statistical software, release 14.0
(Stata Crop. 2015, College Station, Texas, USA).

Results

Ten studies were retrieved, but only 6 were relevant.
Further classification was performed in meta-analysis I,
where supplemented obese children and adolescents
were compared to non-obese controls (Table 1), and
meta-analysis II, where supplemented obese children
and adolescents were compared to matching obese peers
given placebo (Table 2).

Pooled risk from the 2 studies in meta-analysis I that
evaluated the number of obese and non-obese children
and adolescents who improved upon vitamin D supple-
mentation revealed that obesity poses a risk for not
receiving benefit from the vitamin D supplementation
regardless of the dose and duration of supplementation
(Table 3). Pooled results of baseline vitamin D levels in
the non-obese and obese participants are illustrated in
Tables 4 and 5, respectively. Additionally, Table 6 shows
the comparison between the 2 groups of pooled results
from the 6 studies, which revealed significantly lower
baseline vitamin D levels in obese participants than in
non-obese peers.

Regarding other outcome measures, that is, BMI or
appetite changes, the data were minimal and inconsis-
tent in the included studies, hindering further analysis.
Subgroup analyses for age and gender could not be
performed because neither of the 2 studies mentioned
vitamin D values in these categories subgroups.

Regarding vitamin D levels in meta-analysis I,
Castaneda et al'® reported that vitamin D supplementa-
tion significantly increased vitamin D levels in non-
obese compared to obese participants, which was not
the case in the study of Rajakumar et al.® In meta-
analysis II, there were reports of a significant increase
in post-intervention vitamin D levels compared to the
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Table |. Methodology of the 2 Studies that Compared Obese to Non-Obese Children and Adolescents in Meta-Analysis 1.

Selection criteria

Rajakumar et al’

Castaneda et al'®

Type of study
Age of participants

Number of intervention participants

Criteria for intervention participants
Number and type of control groups

Gender of intervention groups

Intervention dosage

Open labeled non-randomized
6-10years old

study

2| obese children all completed
Obese: BMI > 95th percentile)
20 matching non-obese (BMI 5th-75th

percentile for age): all completed the

6 females in the obese group and 8 in

the non-obese group

4001U vitamin D daily for a month

Open labeled non-randomized

12-18years old

27 obese adolescents (only 18 were

included)

Obese: BMI = 95th percentile

22 matched non-obese (BMI 5th-85th
percentile): only 18 completed

44.4% (8) females in both groups

Vitamin D, (20001U/day) orally for

12 weeks

Table 2. Methodology of the 4 Studies Comparing Vitamin D-Supplemented Obese to Obese Participants Receiving Placebo

in Meta-Analysis Il.

Selection criteria Belenchia et al'' Kelishadi et al'? Nader et al'? Javed et al'

Type of study RCT Triple-masked CCT RCT RCT

Age of participants 9-19years old 10-16years old 12-18years old 12-18years old

Number of 2| participants but 25 obese participants 30 obese participants 26 participants but
intervention only 17 completed but only 21 but only 24 only 24 completed
participants completed completed

Criteria for Obese: BMI = 85th BMI=3 Z-scores, Obese: BMI = 95th Obese: BMI = 95th
intervention percentile with metabolic percentile percentile
participants syndrome

Number and type of 23 matched obese 25 obese receiving 28 matched obese 25 matched
controls receiving placebo placebo (all given placebo (20 receiving RDA (23

(18 completed) completed) completed) completed)

Gender of
intervention groups

Intervention dosage

52% males in the
intervention and
48% in the placebo
group

Participants received
40001V daily for
180 days (placebo
was soy oil tablets)

No mention of gender

Vitamin D, (50000 1U/
week) orally for
12 weeks versus
placebo capsule

No mention of gender

Participants received
20001V vitamin D
daily for 12 weeks
versus placebo

25% males (6) in the
intervention group
and 60.9% (14) in
the placebo group

Participants received
two 20001U tables
daily for 12 weeks
versus 4001U daily

Table 3. Pooled Results of the 2 Studies that Evaluated the Number of Obese and Non-Obese Children and Adolescents
Who Improved Upon Vitamin D Supplementation.

Rajakumar et al’

Castaneda et al'®

Groups Obese Non-obese Obese Non-obese
Improved 7 9 9
Not improved 5 5 2
Total 12 14 I

Relative risk (95% confidence interval)

Pooled risk

0.78 (0.42-1.45)

0.786 (0.539-1.147)

0.79 (0.49-1.27)
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Table 4. Pooled Results for Baseline Vitamin D Levels in Non-Obese Children and Adolescents.

Author Number of non-obese participants Vitamin D (ng/ml) 95% Confidence interval
Rajakumar et al’ 20 259+ 11.2 21-30.8
Castaneda et al'® 18 289 +82 25.1-32.7

Pooled levels using a fixed effect model: 27.89 (95% Cl 25.02-31.10)

Table 5. Pooled Results for Baseline Vitamin D Levels in Obese Children and Adolescents.

Author Number of obese participants Vitamin D (ng/ml) 95% Confidence interval
Rajakumar et al’ 21 222+9.6 18.1-26.3
Castaneda et al'® 20 252+49 23.1-27.3
Belenchia et al'' 17 194+6.3 16.4-22.4
Belenchia et al'' 18 19.6 7.9 16-23.3
Kelishadi et al'? 21 18.27 = 2.04 17.4-19.1
Kelishadi et al'? 25 1791 227 17-18.8
Nader et al'? 24 258+59 23.4-28.2
Nader et al'? 20 244+73 21.2-27.6
Javed et al'* 24 23.5+85 20.1-26.9
aved et al'* 23 244+77 21.3-27.5
J

Fixed effect model: 20.14 (95% CI 19.53-20.78)
Homogeneity test, Chi-square: 87.5 (P> .05)
Random effect model: 21.1 (95% CI 18.24-24.32)

Table 6. Comparison between Pooled Levels of Baseline Vitamin D in Obese and Non-Obese Children and Adolescents.

Vitamin D levels

Obese participants

Non-obese participants

Number of studies 2
Mean (SD) 20.14 (0.32) 27.89 (1.55)
95% Confidence interval 19.53-20.78 25.02-31.10

T test: 17.35. P value: <.0001

baseline only in the groups receiving vitamin D in the
studies of Nader et al'® and Javed et al,'* Belenchia
et al'! reported significant differences when comparing
the post-intervention vitamin D values between the sup-
plemented and non-supplemented obese children and
adolescents together with a significant increase in the
post-intervention values compared to the baseline val-
ues within the supplemented group only. Regarding the
fourth study, the only significant differences reported
were those comparing the post-intervention vitamin D
values between the supplemented and non-supple-
mented obese children and adolescents.'?

Discussion

Methodological concerns of any meta-analysis include
limitations in the quality of the pooled data, as the use-
fulness of any systematic review largely depends on the
quality of the individual included studies. Pooling

results of interventional studies, as in the current study,
provides more evidence than does pooling results from
observational studies.

Our comprehensive search for vitamin D supplemen-
tation identified only 2 studies that performed supple-
mentation trials in obese children and adolescents in
comparison to non-obese matching controls (meta-anal-
ysis I). This small number of interventional studies does
not usually permit meta-analysis studies to obtain reli-
able results. Nevertheless, the pooled risk revealed that
while evaluating the number of obese and non-obese
children and adolescents who improved upon vitamin D
supplementation was close to the relative risk in each of
the studies of Rajakumar et al’ and Castaneda et al'®
when calculated separately. This result proves that
obesity poses a risk for not receiving benefit from
vitamin D supplementation regardless of the dose and
duration of supplementation. This point further proves
the conclusion of the clinical trial of Castaneda et al'®
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who reported that higher doses of vitamin D are required
to treat vitamin D deficiency in obese adolescents than
doses required in their non-obese peers. This finding is
also reinforced by Peterson,'® who mentioned in her
review that the vitamin D needs of obese children are
greater than those of non-obese children.

The previously mentioned pooled risk result is con-
sistent with Saliba et al,'® who reported that BMI is
inversely associated with the increase in serum 25(OH)
D levels in response to vitamin D supplementation in
the adult population. Additionally, Harel et al'” reported
that although there was a significant increase in mean
25(OH)D after the initial course of treatment with vita-
min D, 25(OH)D levels were normalized in only 28%
of their series of obese adolescents. The latter authors
further added that repeat courses with the same dosage
in the other 72% of participants did not significantly
change their low vitamin D status.

Meta-analysis II comprised 4 clinical trials in which
vitamin D supplementation was given to 1 group of
obese children and adolescents in comparison to another
obese group given placebo or the recommended dictary
allowance (RDA) of vitamin D. Nevertheless, the
dosage of vitamin D given as supplementation was not
consistent among the 4 studies and neither was the sup-
plementation period. The significant increases in vita-
min D levels detected in meta-analysis II, whether
within the supplemented groups or between the supple-
mented and non-supplemented groups reflect the ability
of supplementary vitamin D doses to raise the 25(OH)D
levels in obese children and adolescents, although the
data cannot be pooled due to the diversity in supple-
mentation methodology. However, the proper dose and
duration cannot be deduced because several of these
studies reported a portion of vitamin D-deficient obese
children and adolescents at the end of their supplemen-
tation period. For instance, the study of Belenchia
et al,'! which performed the longest supplementation
period, reported that only 93% of those receiving
vitamin D supplementation became sufficient after
6months. A more alarming number was reported by
Javed et al,’* who found that 75% of their vitamin
D-supplemented children and adolescents did not reach
vitamin D sufficiency by the end of the 12-week sup-
plementation trial.

Of the 6 included studies, only 3'%131% gave vitamin
D supplementation doses according to the guidelines of
1200 to 2000IU daily for obese pediatric patients
(Cediel et al, 2018).'8

The pooled values of baseline vitamin D in non-
obese versus obese children and adolescents showed
significantly lower baseline values of vitamin D in
obese children and adolescents than in non-obese

controls. This result is contrary to both studies of
meta-analysis I, which reported non-significant differ-
ences in baseline vitamin D levels among the non-
obese and obese children and adolescents.”!'® This
pooled result, however, is consistent with many pre-
vious worldwide studies that noted the decreased
25(OH)D levels that occur in obese adolescents com-
pared to those normal weight controls.'*?! Lower con-
centrations of serum 25(OH)D levels in obese subjects
may be explained by enhanced uptake by adipose tis-
sue and increased metabolic clearance, and it is sug-
gested that the sedentary lifestyle of obese subjects
could be associated with less outdoor activity and less
exposure to sunlight (Wortsman et al, 2000>> and
Bolland et al, 2007%).

None of the studies in meta-analyses 1 or II men-
tioned any changes in BMI over the supplementation
period. This finding may explain the decreased response
to vitamin D supplementation in obese children and ado-
lescents if we consider the hypothesis of vitamin D
sequestration in adipose tissue because of its lipid-
soluble nature, as proposed by Wortsman et al, (2000).
Although the clinical trial of Mason et al** deduced that
vitamin D3 supplementation during weight loss did not
increase weight loss or associated factors compared with
placebo, Mason et al* reported that a greater degree of
weight loss, achieved through either a reduced-calorie
diet or increased exercise, is associated with increased
circulating 25(OH)D concentrations in older women.
Thus, it is prudent to hypothesize that if the studies in
both meta-analyses I and II had performed simultaneous
weight adjustment strategies, whether by diet and/or
exercise, more of the enrolled children and adolescents
would have reached vitamin D sufficiency by the end of
the supplementation trial coupled with the expected and
favorable changes in BMI.

Subgroup analyses for age and gender could not be
performed because neither of the 2 studies of meta-anal-
ysis I nor the 4 studies of meta-analysis II mentioned
vitamin D values in these subcategories of studied par-
ticipants. Nevertheless, a British study that included
711788 children aged 0 to 17 years reported that diag-
nosis rates of vitamin D deficiency in children aged
<Syears were higher in boys than girls, whereas in
children aged =10years, they were higher in girls.?
Similarly, Al-Sadat et al?’ studied vitamin D deficiency
among 1361 Malaysian students with a mean age of
12.9 0.3 years and found that the deficiency was sig-
nificantly higher in girls. The latter authors added that
vitamin D deficiency in females showed an odds ratio of
8.98 (95% CI 6.48-12.45), and in adolescents with a
greater waist circumference, the odds ratio was 2.64
(95% CI 1.65-4.25).



In conclusion, the pooled results of this meta-analysis
reveal that vitamin D levels are significantly lower in
obese children and adolescents compared to non-obese
matching peers. The pooled risk result proves that obesity
poses a risk for not receiving benefit from the vitamin D
supplementation regardless of the dose or duration of sup-
plementation. Vitamin D supplementation given to these
vulnerable groups results in a significantly attenuated
increase in hydroxy vitamin D levels with supplementa-
tion, suggesting a need for higher doses in this population.
However, the proper dose and duration cannot be deduced
because several of the studies in the current meta-analysis
reported a portion of vitamin D-deficient obese children
and adolescents at the end of their supplementation period.
It is prudent to hypothesize that if the studies in the current
meta-analysis had performed simultaneous weight adjust-
ment strategies, more of their enrolled children and ado-
lescents would have reached vitamin D sufficiency by the
end of the supplementation trial coupled with the expected
and favorable changes in BMI.

Based on the results of the current meta-analysis,
we recommend that obese children and adolescents be
screened for vitamin D status and that their supple-
mentation should follow the guidelines. Simultaneous
weight adjustment strategies are also advised during
vitamin D supplementation for obese children and
adolescents to better achieve vitamin D sufficiency.
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