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Abstract
This study was designed to ascertain whether oral vitamin D supplementation (oral supplementation and fortified foods) is
associated with changes in body weight measures in children and adolescents, using a systematic review and meta-analysis
of randomized controlled trials (RCTs). PubMed, Scopus, Cochrane, and Web of Science databases were searched from
inception to October 28, 2022. The mean difference and corresponding 95% confidence interval (CI) of interested outcomes
were pooled using a random-effects model. Twenty-one RCTs were included in the meta-analysis, and the results showed
a significant decrease in body mass index (BMI) following vitamin D supplementation in children and adolescents (n=9
studies, 1029 participants; weighted mean difference: —0.43 kg/mz, 95% CI: —0.79,—0.08; P=0.02; I> =58.5%). Overall,
oral vitamin D supplementation had no significant effect on body weight and other anthropometric indices, including fat
mass, lean mass, waist circumference, BMI Z-score, and height. Although results of body weight changed to significant
after sensitivity analysis (WMD =0.39 kg, 95% CI=0.01, 0.78; P=0.04; P=0%, P-heterogeneity =0.71), we also found
significant weight gain in healthy pediatric population, and when the dose of vitamin D supplementation was up to 600 IU/
day, the certainty of evidence was very low for weight, moderate for height and BMI, and low for the remaining outcomes.
Conclusion: Our results suggest that vitamin D supplementation may lead to a statistically significant weight gain in
children and adolescents, while BMI was reduced. Although no significant change was observed in height, it seems vitamin
D supplementation may elicit these changes by increasing skeletal growth; however, this remains to be verified. Further
high-quality RCTs, with longer duration and larger sample sizes, are needed to yield more certain evidence in this regard.

What is Known:

e Available evidence indicates an inverse association between body weight/fat mass and vitamin D status in children and adolescents; however,
findings regarding the effect of vitamin D supplementation on anthropometric measurements in children are controversial.

What is New:

® Our results showed a significant decrease in BMI following vitamin D supplementation in children.

o A significant weight gain also was observed after sensitivity analysis, and in healthy pediatric population, and when the dose of vitamin D
supplementation was up to 600 1U/day.
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Abbreviations
ADHD Attention deficit hyperactivity disorder
CI Confidence interval

FMI Fat mass index
FFMI Fat-free mass index
GRADE Grading of Recommendations Assessment,

Development, and Evaluation

IGF Insulin-like growth factor

PRISMA  Preferred Reporting Items for Systematic
Reviews and Meta-Analyses

RCTs Randomized controlled trials
VDBP Vitamin D-binding protein
WMDs Weighted mean differences
Introduction

Vitamin D inadequacy is a global public health concern in
all age groups [1]. The prevalence of vitamin D deficiency
among children varies by geographic region and is relatively
high in the Middle East, South America, and Africa [1].
Vitamin D, as a fat-soluble hormone, has important biologic
effects in the modulation of endocrines, the immune system,
and cell proliferation, beyond its classic influence on cal-
cium homeostasis and bone health [2]. Fatty fish and fish
liver oils, as well as egg yolk, are known as dietary sources
of vitamin D [3]; although vitamin D is only found in small
amounts in these foods [4], moreover, despite that sunlight
is a major source for endogenous vitamin D synthesis, many
people might still require dietary supplements or food forti-
fication to meet their vitamin D requirements [5-7].

Poor vitamin D status is associated with many health prob-
lems in children and adolescents, including increased risk of
rickets [8], asthma [9], attention deficit hyperactivity disorder
(ADHD) [10], autism spectrum disorder [11, 12], infections
[9, 13], and type 1 diabetes [14]. Vitamin D supplementation
has also been shown to have beneficial effects in the preven-
tion and/or improvement of most of these conditions [15-19].

Childhood overweight and obesity also remain major
health issues worldwide [20, 21]. Childhood obesity predicts
adult obesity and morbidity and needs special considera-
tion [21-23]. There are published meta-analyses of observa-
tional studies indicating an inverse association between body
weight/fat mass and vitamin D status in both the general
population [24, 25] and children [26, 27].

Considering the possible role of vitamin D in the regula-
tion of adipogenesis [28], such an association could be plau-
sible. However, the susceptibility of observational studies to a
reverse causality relationship cannot be ignored. Indeed, some
explanations, including lower vitamin D intake, lower outdoor
activities and sun exposure [29], impaired hepatic hydroxyla-
tion [30], altered gene expression of vitamin D metabolizing
enzymes [31], and lower bioavailability of vitamin D in obese
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individuals, due to the trapped vitamin D in fat deposits [32],
have been hypothesized in this regard. Also, previous meta-
analyses of randomized controlled trials (RCTs) reported no
significant effect of vitamin D supplementation on weight loss
in adults, [29, 33, 34]. However, these assumptions may not
apply to children; indeed, a previous meta-regression analysis
indicated that the association between vitamin D supplemen-
tation and body weight was attenuated with increasing age
[30]. There are also some RCTs indicating that vitamin D
supplementation may increase body weight [35], and decrease
fat mass, in children [36], although some other studies found
no significant effect [29, 37].

Thus, given the current gap in meta-evidence, the aim of
the present systematic review and meta-analysis of RCTs
was to determine the effect of vitamin D supplementation on
anthropometric measures in a pediatric population.

Methods

The present meta-analysis was conducted and reported fol-
lowing the guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [38].
The study protocol has been registered with the International
Prospective Register of Systematic Reviews (PROSPERO,
registration number CRD42020214497) [39].

Search strategy

We initially searched PubMed, Scopus, Cochrane, and Web
of Science databases for relevant studies, published from
inception until 14 of March 2021; with no restriction on
language, using a combination of selected keywords relevant
to “vitamin D and anthropometric measures. Details on
the applied search strategy are described in Supplemen-
tal Table 1. The literature search strategy was also finally
updated on 28 October 2022. Potentially relevant studies
were identified through checking review articles and the
references of the retrieved articles.

Inclusion and exclusion criteria

The title and abstract of retrieved studies were independently
screened by two reviewers (SS and SB) and were retained if
they met the following criteria: (1) studies were randomized
controlled (parallel/cross-over), (2) participants with a mean
age of 2—-18 years old, (3) intervention duration of at least
1 week, (4) investigated the effect of oral vitamin D supple-
mentation or fortified foods compared with a control group/or
non-fortified food, and (5) reported mean and standard devia-
tion (or standard error) of changes for any body composition
or anthropometric measures in the intervention and control
groups or provide sufficient data to estimate change values.
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We excluded studies if (1) they were an in vivo or in vitro
study; (2) they were observational study, review article,
study protocol, conference abstract, or case report; (3) they
applied intravenous or intramuscular vitamin D adminis-
tration; (4) the control group received vitamin D or were
exposed to light therapy; (5) used vitamin D as a multicom-
ponent supplement in either intervention or control groups;
and (6) if they did not provide data needed for the analysis
[mean and SD for pre- and post-values or changes form base-
line to estimate effect size], even after contacting the cor-
responding author. Any discrepancies were resolved using
a consensus discussion.

Data extraction

The following information was extracted from each study
and cross-checked (SB and SS): first author, publication
year, study design [parallel or cross-over], geographic loca-
tion, the season in which the study was conducted, number
of participants in either intervention or control groups, study
duration, type and dosage of vitamin D, and any other inter-
vention in both groups. The characteristics of participants
(age, sex, health status, vitamin D deficiency), and mean
and standard deviation (SD) of changes from baseline for
interested outcome were also extracted. In the case of trials
that investigated multiple doses of vitamin D supplementa-
tion, pooling estimates were calculated using a fixed-effects
model, before inclusion in the final analysis.

Risk of bias

Two reviewers (SS, SB) evaluated the study’s risk of bias
using the Cochrane Risk of Bias tool [40], based on the
seven criteria, including sequence generation, allocation
concealment, blinding of participants, blinding of person-
nel, outcome assessment, incomplete outcome data, selective
reporting, and other potential sources of bias. Studies were
rated as good quality if all criteria were low risk of bias, fair
quality if one domain was high risk of bias or two domains
were unclear, or poor quality if two or more domains were
assigned as high or unclear risk of bias. Disagreements were
resolved through group discussion.

Quality of evidence

The Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) tool was used to measure
the strength of study evidence. Evidence from RCTs receives
a default grade of “high” quality but may be downgraded
on the basis of risk of bias (according to the Cochrane Risk
of Bias tool), inconsistency (unexplained heterogeneity
between studies; I* > 50%, P <0. 10), indirectness (presence
of limitation to generalize the results), impression (the 95%

CI for effect estimates were wide or crossed a minimally
important difference), and publication bias. The quality of
evidence was classified as high, moderate, low, and very
low [41, 42].

Statistical analysis

The mean differences and SD change between the vitamin D
supplementation and control groups were calculated for the
outcomes of interest. If change from baseline values were
missing, we imputed SD values according to the formula
provided in the Cochrane Handbook of Systematic Reviews
[43], where the r coefficient was considered 0.5 for all out-
comes. All analyses were also conducted with correlation
coefficients of 0.2 and 0.8, to ensure the result of analyses
were not sensitive to the selected correlation coefficient.
Weighted mean differences (WMDs) and their correspond-
ing standard errors (SEs) were pooled using the DerSimo-
nian and Laird random-effects model [44]. The between-
study heterogeneity was assessed using the Cochran Q
statistic (significance set at P <0.1) and quantified by the >
values [45]. The source of potential heterogeneity was deter-
mined by the predefined subgroup analyses for sex (boys,
girls, both), continent of origin, vitamin D type (D2, D3),
study duration (<24 weeks, > 24 weeks), vitamin D defi-
ciency (yes, no), calcium supplementation (yes, no), vita-
min D fortification (yes, no), dose of vitamin D (<600 IU/
day, > 600 IU/day), health status of participants, considera-
tion for the seasonality of interventions (yes, no), and study
quality. Subgroup analysis also was performed even little or
no heterogeneity was observed, as it is clinically important
to estimate treatment effectiveness for specific subgroups.
To determine a statistically significant subgroup effect, P
value for between-groups considered less than 0.1. Sensi-
tivity analysis was also performed to examine the impact of
individual studies on the overall result. Publication bias was
tested by the Egger's test [46] and visual inspection of
Begg's test funnel plots [47], if there were > 10 stud-
ies available for each outcome. Analyses were conducted
with Stata 13 software (StataCorp, College Station, TX,
USA), and a 2-tailed a <0.05 was considered statistically
significant.

Results

Study selection and characteristics

The initial search retrieved 4550 references. After exclud-
ing duplicates and title/abstract screening, 311 studies were
selected for full-text checking. Twenty-one studies fulfilled

the inclusion criteria and were included in the systematic-
review [36, 37, 48-66]. Five studies were excluded due to
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insufficient data needed for the analysis [49, 52, 53, 56, 65].
Five studies were also added after the last update [67-71],
where studies were included that assessed the effect of vita-
min D supplementation on body weight (n=8), BMI (n=9),
BMI Z-score (n=06), fat mass (%, kg) (n=6), waist circum-
ference (n=4), height (n=9), and lean mass (kg) (n=06)
(Fig. 1). Excluded studies, as well as the reasons for exclu-
sion, are provided in Supplemental Table 2.

The characteristics of the 21 studies are presented in
Table 1. Included studies were published between 1998 and
2022 and were carried out in Europe [36, 37, 60, 61, 63,
64, 69, 70], Asia [48, 50, 57-59, 66, 68, 71], the USA [54,
62], Canada [51], Brazil [67], and Africa [55]. All of the
included studies applied a parallel randomized controlled
design, except one [67]. Participants included exclusively
girls in three studies [59, 60, 64], and exclusively boys in one
study [50], whereas the others included both sexes. Seven
studies enrolled vitamin D-deficient children [36, 48, 50, 55,
66—68, 71], and the others did not apply any inclusion cri-
teria for baseline levels of serum 25 (OH) D concentration.
Most of the included studies recruited healthy children [37,
48,51, 57, 59-64, 71], while other studies enrolled children
with autism spectrum [50], leukemia [54], irritable bowel
syndrome [55], metabolic syndrome [58], non-alcoholic
fatty liver (NAFLD) [68], hypertriacylglycerolemia [67], and
obesity [36, 66]. The duration of the interventions ranged
from 10 to 144 weeks, and the dose of vitamin D3 supple-
mented varied from 10 to 2000 IU per day or a high dose
(150,000 IU) of vitamin D2 [62]. Vitamin D was admin-
istered via nutritional supplement in most of the included
studies, but four studies utilized D3-fortified foods [51,
67, 69, 70], and another study assessed the effect of both
D3-fortified food or vitamin D capsules [48], where the
vitamin D supplements, in comparison with placebo, were
considered for overall analysis. Calcium supplementation
was given in both intervention and comparison groups in two
studies [54, 59], and the remaining studies used solo vitamin
D supplementation. The form of vitamin D was D2 in four
studies [37, 59, 62, 66] and D3 in the rest of the studies.
Anthropometric characteristics were measured by a member
of research team in all the included studies.

Risk of bias and quality of evidence

The methodological quality of included studies was assessed,
and studies scored as good [36, 55, 66, 68—71], poor [37, 48,
50,51, 54, 57, 61], or fair quality [58-60, 6264, 67], based
on Cochrane Risk of Bias criteria. The most common bias
was related to the lack of explanation of randomization and
concealment processes. Two studies were at high risk of bias
in blinding of participant’s domain, because of the different
interventional strategies [48, 50] (Supplemental Table 3).
Using the GRADE summary of evidence, the certainty of
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evidence was very low for weight, and low for BMI Z-score,
fat mass (%, kg), lean mass, and waist circumference, and
moderate for height and BMI, respectively (Supplemental
Table 4).

Meta-analysis

Body weight Pooling data from eight studies did not show
any significant effect in body weight following vitamin D
supplementation in children and adolescents [37, 51, 54, 57,
59, 60, 64, 67] (n="756 participants; WMD =0.22 kg, 95%
CI=-0.11, 0.55; P=0.19; ’=0.0%) (Table 2, Fig. 2a).
Although there was no between-study heterogeneity, sub-
group analysis was performed and showed that vitamin D
supplementation leads to a significant weight gain in healthy
children (WMD =0.40 kg, 95% CI1=0.02, 0.78; P=0.04;
F=0.0%, P between-groups =0.07), in studies that consid-
ered seasonal variation (WMD =0.39 kg, 95% CI=0.01,
0.78: P=0.04; ’=0.0%, P between-groups =0.07), and in
studies that applied standard dose supplementation (600 IU/
day or less) (WMD =0.55 kg, 95% CI=0.04, 1.07; P=0.03;
P=0.0%, P between-groups =0.09) (Table 3).

BMI Pooling data from nine studies showed a significant
decrease in BMI in children, following vitamin D supple-
mentation [36, 48, 50, 57-59, 62, 67, 68], with moderate evi-
dence of between-study heterogeneity (n=1092 participants;
WMD = —0.43 kg/m?, 95% CI= —0.79,—0.08; P=0.02;
I>=58.5%) (Table 2, Fig. 2b). The decrease in BMI follow-
ing vitamin D supplementation was evident in studies with
good quality based on Cochrane tools (WMD = —0.96 kg/
m?, 95% CI= —1.51,-0.41; P=0.001; I’=31.8%, P
between-groups =0.02).

BMI Z-score was also assessed in six studies, and no signifi-
cant change was observed after vitamin D supplementation
[36, 55, 63, 67,70, 71] (n=9435 participants; WMD =0.00,
95% Cl= —0.02, 0.02; P=0.82; I’=0.0%, P-heterogene-
ity =0.54) (Table 2, Supplemental Fig. 1).

Height Nine studies examined the effect of vitamin D sup-
plementation on height, and no significant change was found
(n=1088 participants; WMD =0.12 cm, 95% CI= —0.06,
0.30; P=0.21; P=41 4%, P-heterogeneity =0.08) [37, 51,
57, 59-61, 64, 67, 69] (Supplementary Fig. 2). The results
of subgroup analysis are shown in Supplementary Table 6.

Fat mass Six studies examined the effect of vitamin D sup-
plementation on fat mass, and our meta-analysis found no
significant change in fat mass percentage [36, 54, 59, 67, 71]
(n=9075 participants; WMD = —0.54%, 95% Cl= —1.40,
0.31; P=0.21; I*’=44.5%, P-heterogeneity =0.12) or
kilograms (n=9138 participants; WMD =0.02 kg, 95%
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Records excluded

(n = 2396)

Full-text articles excluded, with reasons (n

Control group received vitamin D (n=14)

Vitamin D administered as injection form

)
c
-g Records identified through database Additional records identified through
_S searching other sources
£ (n = 4550) n=0)
o
=
) '
Records after duplicates removed
) (Il = 2707)
§ Records screened
5 (n=2707)
)
‘L =290)
— .| Conference abstract (n=16)
Full-text articles assessed for "1 Conducted in adults (n=2)
eligibility Conducted in infancy (n=1)
(n=311) Conducted in athlete (n=1)
Z
= Co-supplementation (n=10)
) y Full-text not available (n=3)
“ Studies included in qualitative N
: (n=1)
synthesis
(n=21)
)
«— Updated literate search (n=5)
°
(Y] A 4
s
o Twenty studies included in quantitative synthesis
= (body weight= 8), (BMI=9), (BMI Z-score= 6), (Fat mass [kg or
%]= 6), (Lean mass= 6), waist circumference (n=4), height (n=9)
—

Fig. 1 Study screening process

Table 2 Meta-analysis showing the overall analysis

Outcome Number of studies Meta-analysis Heterogeneity
WMD? (95% CI) P effect Q statistic P within group (%)

Weight (kg) 756 (8) 0.22 (—0.11, 0.55) 0.19 6.86 0.44 0
BMI (kg/m?) 1029 (9) —0.43 (—0.79,—0.08) 0.02 19.27 0.01 58.5
BMI Z-score 9435 (6) 0.00 (—0.02, 0.02) 0.82 4.14 0.54 0

Fat mass (kg) 9138 (4) 0.02 (—0.05, 0.08) 0.61 0.42 0.48 0

Fat mass (%) 9075 (5) —0.54 (—1.40,0.31) 0.21 3.8 0.12 44.5
Lean mass (kg) 9192 (6) —0.01 (-0.25,0.23) 0.92 4.43 0.25 24.2
Height (cm) 1088 (9) 0.12 (—0.06, 0.30) 0.21 15.36 0.08 414
Waist circumference (cm) 297 (4) —-0.37 (- 1.25,0.51) 0.41 1.50 0.68 0

*WMD weighted mean difference
BMI body mass index
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Table 3 Meta-analysis showing the effect of vitamin D supplementation on body weight (kg) by subgroups

Study group Number of WMD! (95% CI) P effect Q statistic P within P (%) P
Studies between-
group

Sex 0.11
Girls 3 0.56 (0.001, 1.13) 0.050 2.18 0.34 8.3
Both 5 —0.003 (—0.43,0.42) 0.99 2.02 0.73 0

Continent 0.22
Asia 2 0.19 (- 0.38,0.77) 0.50 0.01 0.923 0
Europe 3 0.57 (0.03, 1.11) 0.04 2.10 0.35 4.7
South US 1 —4.26 (—15.27, 6.70) 0.45 0 - -
North US 2 —0.26 (—0.90, 0.38) 0.43 0.28 0.60 0

Vitamin D type 0.891
D2 2 0.25 (- 1.89, 2.39) 0.82 0.03 0.868 0
D3 6 0.24 (-0.18, 0.67) 0.26 6.83 0.23 26.8

Study duration 0.11
Short period (<24 weeks) 3 0.001 (- 0.42, 0.43) 0.99 1.40 0.70 0
Long period (> 24 weeks) 5 0.54 (0.03, 1.05) 0.04 2.93 0.57 0

Vitamin D deficiency 0.11
Yes 2 —0.02 (—0.50, 0.46) 0.93 1.21 0.27 17.4
No 6 0.54 (0.04, 1.05) 0.03 2.94 0.71 0

Calcium supplementation 0.72
Yes 2 —0.34 (—3.57,2.89) 0.83 0.54 0.463 0
No 6 0.25 (—0.14, 0.64) 0.22 6.20 0.29 19.4

Vitamin D fortification 0.09
Yes 2 —0.26 (—0.90, 0.38) 0.43 0.28 0.60 124
No 6 0.39 (-0.01,0.77) 0.04 3.67 0.60 0

Vitamin D dose 0.09
Low dose (<600 IU/day) 5 0.55 (0.04, 1.06) 0.03 2.85 0.58 0
High dose (> 600 IU/day) 3 —0.02 (—0.44,0.41) 0.94 1.21 0.55 0

Health status 0.07
Healthy participants 6 0.40 (0.02, 0.78) 0.04 3.01 0.70 0
Unhealthy 2 —0.30 (—0.95,0.35) 0.36 0.5 0.48 0

Seasonal variation consideration 0.07
Yes 7 0.39 (0.01, 0.78) 0.04 3.70 0.72 0
No 1 —0.29 (—0.94, 0.36) 0.38 0 - -

Study quality 0.87
Fair 4 0.28 (—0.36, 0.92) 0.39 6.13 0.11 0
Poor 4 0.21 (—0.35,0.77) 0.46 0.73 0.87 0

CI= -0.05, 0.08; P=0.61; I’=0.0%, P-heterogene-
ity=0.48) [36, 51, 61, 71] (Table 2, Supplemental Fig. 3).
Subgroup analyses were not performed due to the small
number of effect sizes.

Lean mass Meta-analysis of six studies found vita-
min D supplementation had no significant effect on lean
body mass [36, 51, 54, 61, 67, 71] (n=9192 participants;
WMD = -0.01 kg, 95% CI= -0.25, 0.23; P=0.92;
I’ =24.2%, P-heterogeneity = 0.25) (Table 2, Supplemental
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Fig. 4a). Subgroup analyses were not performed due to the
small number of effect sizes.

Waist circumference Meta-analysis of four studies showed
vitamin D supplementation had no significant effect on waist
circumference (n =297 participants; WMD = —0.37 cm;
95% Cl= —1.25,0.51; P=0.41; I*’=0.0%; P-heterogene-
ity=0.68) [58, 63, 67, 68] (Table 2, Supplemental Fig. 4b).
Subgroup analyses were not performed due to the small
number of effect sizes.
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Fig.2 Meta—a.nalysis showing a) o
the effect of vitamin D supple- °
mentation on a weight (kg) and Author,Year Effect (95% Cl) Weight
b BMI (kg/mz) in children and
adolescent (all analyses were Ala-Houhala, 1998 —:'— 0.40 (-2.36, 3.16) 1.42
conducted using a random- Alves, 2021 - -0.29 (-0.94,0.36)  25.43
effects model). Both dosc?: high Brett 2018 _;,_ 0.70 (-2.92, 4.32) 0.82
and low dose were combined Diaz,2008 : -4.26 (-15.23,6.70)  0.09
Ganmaa, 2012 + 0.20 (-0.38,0.78)  32.17
Khadilkar,2010 — 0.03 (-3.35, 3.41) 0.95
Molgaard (Both dose),2010 4 0.25(-0.43,0.93)  23.38
Viljakainen (Both dose),2006 - 1.04 (0.21, 1.87) 15.73
Overall, DL (12 = 0.0%, P = 0.44) i 0.22 (-0.11,0.55)  100.00
-2|0 0 2]0

NOTE: Weights are from random-effects model

b)

Author, Year

Al Daghri (Both dose), 2017
Alves, 2021

Amrousy, 2021

Ansari , 2020

Brzezinski, 2020

Ganmaa, 2012

%

Effect (95% Cl) ~ Weight

0.05 (-2.95,3.05)  1.31
i -0.19 (-0.55, 0.17) 20.64
' -1.28 (-1.78, -0.78) 17.39

: -0.56 (-3.59, 2.47) 1.29
: -0.57 (-1.23,0.09) 13.77
i -0.10 (-0.34, 0.14) 23.66

Kelishadi, 2013 - -0.32 (-0.94, 0.30) 14.57
Khadilkar, 2010 — = -0.39 (-1.59, 0.81)  6.57
Shah, 2015 : 1.00 (-2.92,4.92) 0.79
Overall, DL (I = 58.5%, P = 0.013) <> -0.43 (-0.79, -0.08)100.00

T T

-5 0 5
NOTE: Weights are from random-effects model

Discussion

Sensitivity analysis and publication bias

Sensitivity analysis showed that the effect of vitamin D sup-
plementation on body weight was sensitive to the study by
Alvez et al. [67]. Omitting this study from the main analy-
sis led to an increase in body weight following vitamin D
supplementation (WMD =0.39 kg, 95% CI1=0.01, 0.78;
P=0.04; I’=0%, P-heterogeneity =0.71). The assessment
of publication bias was not performed due to the low number
of studies (< 10 studies).

Qualitative analysis

Three studies examined the effect of vitamin D supplemen-
tation on fat mass index (FMI) [70], fat-free mass index
(FFMI) [70], height for age Z-score [69, 71], hip circumfer-
ence [68], waist-to-height ratio [67], skinfold indices [67],
waist-to height ratio Z-score [71], and waist circumference
Z-score [66] in children. These parameters were not signifi-
cantly changed in the vitamin D treatment group in compari-
son to the placebo [66-71].

The findings of the present systematic review and meta-
analysis showed that vitamin D supplementation signifi-
cantly decreased BMI, while it had no significant effect
on height, fat mass, and lean body mass, in a pediatric
population. Vitamin D supplementation also showed a
non-significant increase in body weight, which was sig-
nificant when Alves et al. [67] was removed from the anal-
ysis. Subgroup analyses also indicated that an increase in
body weight was evident in studies enrolled healthy chil-
dren, studies that controlled for seasonal fluctuation, and
when dosage of vitamin D supplementation was adminis-
tered up to 600 IU/day.

The exact biological pathway through which vitamin D
affects growth is not clear; however, the link between vita-
min D and GH/IGF-1 may explain the effect of vitamin D
on growth [72]. Vitamin D seems to increase the hepatic
secretion of IGF-1 and its binding protein (IGFBP-3) and the
expression of IGF-1 receptors in different tissues [73, 74].
It has also been posited that vitamin D may stimulate GH
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secretion through modulating the expression of genes related
to skeletal growth [75]. Sensitivity analysis revealed that
the Alvez et al. study affected the results of overall analysis
for body weight, as removing this study changed the overall
effect size from non-significant to a significant increase in
body weight. This study was conducted among obese vita-
min D-deficient children with hypertriacylglycerolemia.
As shown in the forest plot (Fig. 2a), only in two studies
[54, 67] did vitamin D supplementation elicit a decrease in
body weight. Both of these studies [54, 67] were conducted
among participants suffering from a non-communicable dis-
ease (leukemia in Diaz et al. study [54] and hypertriacylglyc-
erolemia in Alves et al. study [67]), while participants of the
other included RCTs were healthy. Therefore, as confirmed
by subgroup analysis, although vitamin D supplementation
could yield a significant increase in body weight in a healthy
pediatric population, the presence of a concurrent health
problem seems to interfere with this effect. Also, the pres-
ence of obesity and vitamin D deficiency in the Alvez et al.
study makes the situation more complicated and may also
have a role in the different results.

Although change in body weight may be used as a proxy
of change in body fat in adults, it is not applicable in chil-
dren and adolescents [72], largely because they are expe-
riencing physiological growth which is accompanied by a
simultaneous increases in weight and height. The observed
increased body weight in the current study mainly seems
to be associated with increased skeletal weight. Although
we did not find any significant change in height, a previous
meta-analysis also showed no significant change in linear
growth following vitamin D supplementation in children
under 5 years of age [73]; however, length/height-for-age Z-
score was improved slightly, which was not examined in the
present study due to inadequate data. Nevertheless, it should
be noted that, in RCTs, raw measures could also be accept-
able, as the anthropometric measures are compared with a
standard control group. It may be that a longer period of
supplementation is needed to observe significant increases
in linear growth. Moreover, it has been reported that single
micronutrient supplementation can result in non-significant
benefits on linear growth [74]. On the other hand, linear
growth rate differs in various age groups [75]. However, in
our study, we found no significant association between the
age of participants and our outcome measures, as inferred
by meta-regression analysis (data not shown).

Interestingly, we found a decreasing effect of vitamin D
on BMI. This finding may be associated with the BMI for-
mula, where body weight (kilograms) is divided by height
squared (meters) and gives greater prominence to height. In
contrast, we found no significant change in BMI Z-score.
Altogether as no comparisons were judged to have a high-
quality of evidence, a firm conclusion cannot be drawn, and
further studies may change the present results.

@ Springer

We also found that vitamin D supplementation could
increase body weight in studies used lower doses of vitamin
D. All of the studies in this subgroup recruited children with
adequate baseline vitamin D, suggesting that supplemen-
tation with the recommended dose of vitamin D (600 IU)
or lower is sufficient to exert its beneficial effects on the
growth in children and adolescents with normal vitamin D
status. However, the smaller number of trials contributed
data to the higher dose of vitamin D supplementation sub-
group (3 trials) than to the lower dosage subgroup (5 tri-
als), meaning that the analysis is unlikely to produce useful
findings.

Seasonal fluctuation was controlled in all the included
studies investigating the effect of vitamin D supplementation
on body weight, except one [67]. Some evidence has sug-
gested that the expression of receptors and vitamin D-mod-
ulated genes displays a seasonal variability [76—78]. The
gene expression associated with vitamin D receptor is at its
lowest level in winter [76]. Moreover, there is some evidence
indicating seasonal variation in PTH, where in colder envi-
ronments, it was increased [79-81]. Our subgroup analysis
also showed a significant increase in body weight if seasonal
fluctuation was controlled. However, one trial contributed
data to the second subgroup (the study that did not control
seasonal fluctuation), so the covariate distribution is con-
cerning for this subgroup analysis.

To our knowledge, this is the first meta-analysis inves-
tigating the effect of oral vitamin D supplementation on
anthropometric measures in children and adolescents. We
did not define prespecified outcomes to ensure we retrieved
all relevant publications. The quality of methodology and
evidence was also assessed using standard tools. Further-
more, the between-study heterogeneity was low for the most
outcomes, indicating lack of serious inconsistency in our
findings.

There are also some limitations that should be kept in
mind while interpreting the findings. One limitation was the
low methodological quality of some included RCTs, mostly
due to lack of information for allocation concealment, blind-
ing, and sequence generation.

Furthermore, anthropometric measures were reported
as a secondary outcome in most of the included trials [48,
50, 54, 55, 57-63], potentially making it difficult to detect
a significant difference. The change in levels of serum 25
(OH) D was not measured throughout the included studies,
thereby precluding identification of whether the 250HD
level actually changed in response to vitamin D supple-
mentation. Finally, some potential confounder variables,
for example, baseline weight status, physical activity, and
intake of other micronutrients that influence growth (zinc,
iron, calcium), were not reported in some of the included
studies, rendering it impossible to perform subgroup analy-
sis in this regard.
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Conclusion

The findings of the present systematic review and meta-
analysis suggest that vitamin D supplementation may lead
to a statistically significant weight gain in children and ado-
lescents, while BMI was reduced. Although no significant
change was observed in height, it seems that vitamin D
supplementation may elicit changes by increasing skeletal
growth, although this remains to be verified. Further high-
quality RCTs, including more detailed anthropometric meas-
ures and growth indices, are needed to yield more certain
evidence in this regard.
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Acknowledgements We are grateful to the authors who provided infor-
mation on their studies and contributed to the meta-analysis

Authors' contributions SS and SA: designed the review; SS and SBR:
conducted major database search according to search strategy; SRB and
SA did data extraction; SS and SA: performed analysis; MA and SS and
CC and SA: wrote the manuscript’s draft; and all authors: evaluated the
final version of the manuscript precisely and approved it.

Funding This study was funded by Shahid Sadoughi University of
Medical Sciences (Grant number:1400p1333). Shahid Sadoughi Uni-
versity of Medical Sciences had no role in the study design, data col-
lection, analysis and interpretation of data, and manuscript drafting.

Data availability The datasets used and/or analyzed during the cur-
rent study are available from the corresponding author on reasonable
request.

Declarations
Ethics approval and consent to participate Not applicable.

Consent for publication Not applicable.

Conflict of interest The authors declare no competing interests.

References

1. Palacios C, Gonzalez L (2014) Is vitamin D deficiency a major
global public health problem? J Steroid Biochem Mol Biol
144:138-145

2. Bouillon R, Manousaki D, Rosen C, Trajanoska K, Rivadeneira
F (2022) Richards JBINRE. The health effects of vitamin D
supplementation: evidence from human studies 18:96-110

3. Benedik EJIJfV, Research N (2021) Sources of vitamin D for
humans

4. Raymond JL, Morrow K (2020) Krause and Mahan’s food and
the nutrition care process e-book. Elsevier Health Sciences

5. Institute of Medicine, Food and Nutrition Board (2010) Wash-
ington, DC: National Academy Press

6. Chalcraft JR, Cardinal LM, Wechsler PJ, Hollis BW, Gerow KG,
Alexander BM, Keith JF, Larson-Meyer DEJN (2020) Vitamin
D synthesis following a single bout of sun exposure in older and
younger men and women 12:2237

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Brown LL, Cohen B, Tabor D, Zappala G, Maruvada P, Coates
PM (2018) The vitamin D paradox in Black Americans: a sys-
tems-based approach to investigating clinical practice, research,
and public health-expert panel meeting report. BMC proceed-
ings. Springer, pp 1-10

Pettifor JM, Thandrayen K, Thacher TD (2018) Chapter 67 -
Vitamin D deficiency and nutritional rickets in children. In:
Feldman D (ed) Vitamin D (Fourth Edition). Academic Press,
pp 179-201

Jat KR, Khairwa A (2017) Vitamin D and asthma in children:
a systematic review and meta-analysis of observational studies.
Lung India 34:355-363

Khoshbakht Y, Bidaki R, Salehi-Abargouei A (2018) Vitamin D sta-
tus and attention deficit hyperactivity disorder: a systematic review
and meta-analysis of observational studies. Adv Nutr 9:9-20
Wang Z, Ding R, Wang J (2021) The association between vitamin
D status and autism spectrum disorder (ASD): a systematic review
and meta-analysis. Nutrients 13:86

Li B, Xu Y, Zhang X, Zhang L, Wu Y, Wang X, Zhu C (2020) The
effect of vitamin D supplementation in treatment of children with
autism spectrum disorder: a systematic review and meta-analysis
of randomized controlled trials. Nutri Neurosci 1-11

Deng QF, Chu H, Wen Z, Cao YS (2019) Vitamin D and urinary
tract infection: a systematic review and meta-analysis. Ann Clin
Lab Sci 49:134-142

Liu T, Zhong S, Liao X, Chen J, He T, Lai S, Jia Y (2015) A meta-
analysis of oxidative stress markers in depression. PLoS ONE
10:e0138904

Gan J, Galer P, Ma D, Chen C, Xiong T (2019) The effect of
vitamin D supplementation on attention-deficit/hyperactivity
disorder: a systematic review and meta-analysis of randomized
controlled trials. J Child Adolesc Psychopharmacol 29:670-687
Martineau AR, Jolliffe DA, Hooper RL, Greenberg L, Aloia
JF, Bergman P, Dubnov-Raz G, Esposito S, Ganmaa D, Ginde
AA, Goodall EC, Grant CC, Griffiths CJ, Janssens W, Laaksi I,
Manaseki-Holland S, Mauger D, Murdoch DR, Neale R, Rees JR,
Simpson S Jr, Stelmach I, Kumar GT, Urashima M, Camargo CA
Jr (2017) Vitamin D supplementation to prevent acute respiratory
tract infections: systematic review and meta-analysis of individual
participant data. BMJ 356:16583

Riverin BD, Maguire JL, Li P (2015) Vitamin D supplementa-
tion for childhood asthma: a systematic review and meta-analysis.
PLoS ONE 10:¢0136841

Winzenberg T, Powell S, Shaw KA, Jones G (2011) Effects of
vitamin D supplementation on bone density in healthy children:
systematic review and meta-analysis. BMJ 342:¢7254

Zipitis CS, Akobeng AK (2008) Vitamin D supplementation in
early childhood and risk of type 1 diabetes: a systematic review
and meta-analysis. Arch Dis Child 93:512-517

Garrido-Miguel M, Cavero-Redondo I, Alvarez-Bueno C, Rodri-
guez-Artalejo F, Moreno LA, Ruiz JR, Ahrens W, Martinez-Viz-
caino V (2019) Prevalence and trends of overweight and obesity
in european children from 1999 to 2016: a systematic review and
meta-analysis. JAMA Pediatr e192430

Lee EY, Yoon KH (2018) Epidemic obesity in children and ado-
lescents: risk factors and prevention. Front Med 12:658-666
Simmonds M, Llewellyn A, Owen CG, Woolacott N (2016) Pre-
dicting adult obesity from childhood obesity: a systematic review
and meta-analysis. Obes Rev 17:95-107

Umer A, Kelley GA, Cottrell LE, Giacobbi P, Innes KE, Lilly
CL (2017) Childhood obesity and adult cardiovascular disease
risk factors: a systematic review with meta-analysis. BMC Public
Health 17:683

Pereira-Santos M, Costa PR, Assis AM, Santos CA, Santos DB
(2015) Obesity and vitamin D deficiency: a systematic review and
meta-analysis. Obes Rev 16:341-349

@ Springer


https://doi.org/10.1007/s00431-023-04889-2

European Journal of Pediatrics

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Yao Y, Zhu L, He L, Duan Y, Liang W, Nie Z, Jin Y, Wu X, Fang
Y (2015) A meta-analysis of the relationship between vitamin D
deficiency and obesity. Int J Clin Exp Med 8:14977-14984
Fiamenghi VI, Mello ED (2020) Vitamin D deficiency in children
and adolescents with obesity: a meta-analysis. J Pediatr (Rio J)
Malden S, Gillespie J, Hughes A, Gibson AM, Farooq A, Martin
A, Summerbell C, Reilly JJ (2020) Obesity in young children and
its relationship with diagnosis of asthma, vitamin D deficiency,
iron deficiency, specific allergies and flat-footedness: a systematic
review and meta-analysis. Obes Rev

Dix CF, Barclay JL, Wright ORL (2017) The role of vitamin D in
adipogenesis. Nutr Rev 76:47-59

Pathak K, Soares MJ, Calton EK, Zhao Y, Hallett J (2014) Vitamin
D supplementation and body weight status: a systematic review and
meta-analysis of randomized controlled trials. Obes Rev 15:528-537
Elkhwanky MS, Kummu O, Piltonen TT, Laru J, Morin-Papunen
L, Mutikainen M, Tavi P, Hakkola J (2020) Obesity represses
CYP2R1, the vitamin D 25-hydroxylase, in the liver and extrahe-
patic tissues. JBMR plus 4:e10397

Ruiz-Ojeda FJ, Anguita-Ruiz A, Leis R, Aguilera CM (2018)
Genetic factors and molecular mechanisms of vitamin D and
obesity relationship. Ann Nutr Metab 73:89-99

Wortsman J, Matsuoka LY, Chen TC, Lu Z, Holick MF (2000)
Decreased bioavailability of vitamin D in obesity. Am J Clin Nutr
72:690-693

Chandler PD, Wang L, Zhang X, Sesso HD, Moorthy MV, Obi O,
Lewis J, Prince RL, Danik JS, Manson JE, LeBoff MS, Song Y
(2015) Effect of vitamin D supplementation alone or with calcium
on adiposity measures: a systematic review and meta-analysis of
randomized controlled trials. Nutr Rev 73:577-593

Golzarand M, Hollis BW, Mirmiran P, Wagner CL, Shab-Bidar S
(2018) Vitamin D supplementation and body fat mass: a system-
atic review and meta-analysis. Eur J Clin Nutr 72:1345-1357
Cooke W, Asquith P, Ruck N, Melikian V, Swan C (1974) Rickets,
growth, and alkaline phosphatase in urban adolescents. Br Med J
2:293-297

Brzezinski M, Jankowska A, Stomiriska-Fraczek M, Metelska P,
Wisniewski P, Socha P, Szlagatys-Sidorkiewicz A (2020) Long-
term effects of vitamin d supplementation in obese children during
integrated weight—loss programme—a double blind randomized
placebo—controlled trial. Nutrients 12:1093

Alahouhala M, Koskinen T, Koskinen M, Visakorpi JK (1988)
Double blind study on the need for vitamin D supplementation in
prepubertal children. Acta Paediatr Scand 77:89-93

Moher D, Liberati A, Tetzlaff J, Altman DG, Group P (2009) Pre-
ferred reporting items for systematic reviews and meta-analyses:
the PRISMA statement. PLoS Med 6:¢1000097

Beigrezaei SSS, Khalighi Sikaroudi M. The effect of vitamin D
supplementation on anthropometric measures in children and
adolescent: a protocol for systematic review and meta-analysis
of randomized controlled clinical trials [Internet]. Available
from: https://www.crd.york.ac.uk/prospero/display_record.php?
RecordID=214497

Higgins JP (2008) Cochrane handbook for systematic reviews of
interventions version 5.0. 1. The Cochrane Collaboration. http://
www.cochrane-handbook.org

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, Norris
S, Falck-Ytter Y, Glasziou P, DeBeer H (2011) GRADE guide-
lines: 1. Introduction—GRADE evidence profiles and summary
of findings tables. J Clin Epidemiol 64:383-394

Guyatt GH, Oxman AD, Kunz R, Falck-Ytter Y, Vist GE, Liberati
A, Schiinemann HJ (2008) Going from evidence to recommenda-
tions Bmj 336:1049-1051

Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ,
Welch VA (2019) Cochrane handbook for systematic reviews of
interventions. John Wiley & Sons

@ Springer

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

DerSimonian R, Laird N (1986) Meta-analysis in clinical trials.
Control Clin Trials 7:177-188

Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a
meta-analysis. Stat Med 21:1539-1558

Egger M, Smith GD, Schneider M, Minder C (1997) Bias in meta-
analysis detected by a simple, graphical test. BMJ 315:629-634
Begg CB, Mazumdar M (1994) Operating characteristics of a rank
correlation test for publication bias. Biometrics 1088—1101
Al-Daghri NM, Abd-Alrahman SH, Panigrahy A, Al-Saleh Y,
Aljohani N, Al-Attas OS, Khattak MNK, Alokail M (2018) Effi-
cacy of Vitamin D interventional strategies in saudi children and
adults. J Steroid Biochem Mol Biol 180:29-34

Al-Shaar L, Mneimneh R, Maalouf J, Fuleihan GEH (2014) Vita-
min D3 dose requirement to raise 25-hydroxyvitamin D to desir-
able levels in adolescents: results from a randomized controlled
trial. ] Bone Miner Res 29:944-951

Ansari Kolachahi S, AdibSaber F, Zidashti ZH, Elmieh A, Bidabadi
E, Hosseinkhanzadeh AA (2020) Water-based training in combined
with vitamin D supplementation improves lipid profile in children
with ASD. Res Autism Spec Dis 76

Brett NR, Parks CA, Lavery P, Agellon S, Vanstone CA, Kaufmann
M, Jones G, Maguire JL, Rauch F, Weiler HA (2018) Vitamin
D status and functional health outcomes in children aged 2-8 y:
A 6-mo Vitamin D randomized controlled trial. Am J Clin Nutr
107:355-364

Chan JC, McEnery PT, Chinchilli VM, Abitbol CL, Boineau FG,
Friedman AL, Lum GM, Roy S III, Ruley EJ, Strife CF (1994) A
prospective double-blind study of growth failure in children with
chronic renal insufficiency and the effectiveness of treatment with
calcitriol versus dihydrotachysterol. J Pediatr 124:520-528
Cheng S, Lyytikdinen A, Kroger H, Lamberg-Allardt C, Alén M,
Koistinen A, Wang QJ, Suuriniemi M, Suominen H, Mahonen A
(2005) Effects of calcium, dairy product, and vitamin D supple-
mentation on bone mass accrual and body composition in 10-12-
y-old girls: a 2-y randomized trial. Am J Clin Nutr 82:1115-1126
Diaz PR, Neira LC, Fiseher SG, Torres MCT, Milinarsky AT,
Giadrosich VR, Arriagada MM, Arinoviche RS, Casanova DM
(2008) Effect of 1,25(0OH)2-Vitamin D on bone mass in children
with acute lymphoblastic leukemia. J Pediatr Hematol Oncol
30:15-19

El Amrousy D, Hassan S, El Ashry H, Yousef M, Hodeib H
(2018) Vitamin D supplementation in adolescents with irritable
bowel syndrome: Is it useful? A randomized controlled trial. Saudi
J Gastroenterol 24:109-114

El-Hajj Fuleihan G, Nabulsi M, Tamim H, Maalouf J, Salamoun
M, Khalife H, Choucair M, Arabi A, Vieth R (2006) Effect of
vitamin D replacement on musculoskeletal parameters in school
children: a randomized controlled trial. J Clin Endocrinol Metab
91:405-412

Ganmaa D, Giovannucci E, Bloom BR, Fawzi W, Burr W, Batbaatar
D, Sumberzul N, Holick MF, Willett WC (2012) Vitamin D, tuberculin
skin test conversion, and latent tuberculosis in Mongolian school-age
children: a randomized, double-blind, placebo-controlled feasibility
trial. Am J Clin Nutr 96:391-396

Kelishadi R, Salek S, Salek M, Hashemipour M, Movahedian M
(2014) Effects of vitamin D supplementation on insulin resist-
ance and cardiometabolic risk factors in children with metabolic
syndrome: A triple-masked controlled trial. J Pediatr 90:28-34
Khadilkar AV, Sayyad MG, Sanwalka NJ, Bhandari DR, Naik S,
Khadilkar VV, Mughal ZM (2010) Vitamin D supplementation
and bone mass accrual in underprivileged adolescent Indian girls.
Asia Pac J Clin Nutr 19:465-472

Molgaard C, Larnkjaer A, Cashman KD, Lamberg-Allardt C,
Jakobsen J, Michaelsen KF (2010) Does vitamin D supplementa-
tion of healthy Danish Caucasian girls affect bone turnover and
bone mineralization? Bone 46:432-439


https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=214497
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=214497
http://www.cochrane-handbook.org
http://www.cochrane-handbook.org

European Journal of Pediatrics

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Mortensen C, Molgaard C, Hauger H, Kristensen M, Damsgaard
CT (2019) Winter vitamin D-3 supplementation does not increase
muscle strength, but modulates the IGF-axis in young children.
Eur J Nutr 58:1183-1192

Shah S, Wilson DM, Bachrach LK (2015) Large doses of vitamin
D fail to increase 25-hydroxyvitamin d levels or to alter cardio-
vascular risk factors in obese adolescents: a pilot study. J Adolesc
Health 57:19-23

Smith TJ, Tripkovic L, Hauger H, Damsgaard CT, Mglgaard
C, Lanham-New SA, Hart KH (2018) Winter cholecalciferol
supplementation at 51°N has no effect on markers of cardio-
metabolic risk in healthy adolescents aged 14—18 years. J Nutr
148:1269-1275

Viljakainen HT, Natri AM, Kérkkédinen M, Huttunen MM, Palssa
A, Jakobsen J, Cashman KD, Mglgaard C, Lamberg-Allardt C
(2006) A positive dose-response effect of vitamin D supplemen-
tation on site-specific bone mineral augmentation in adolescent
girls: a double-blinded randomized placebo-controlled 1-year
intervention. ] Bone Miner Res 21:836-844

Zhu K, Zhang Q, Foo LH, Trube A, Ma G, Hu X, Du X, Cowell
CT, Fraser DR, Greenfield H (2006) Growth, bone mass, and
vitamin D status of Chinese adolescent girls 3 y after withdrawal
of milk supplementation. Am J Clin Nutr 83:714-721
Samaranayake DBDL, Adikaram SGS, Atapattu N, Kendaragama
KMDLD, Senevirathne JTN, Jayasekera HD, Wickramasinghe VP
(2020) Vitamin D supplementation in obese Sri Lankan children:
A randomized controlled trial. BMC Pediatrics 20

Alves AGP, Cruvinel BAC, Schincaglia RM, Godoi LS, Silva MS
(2021) Vitamin D supplementation reduces serum lipids of chil-
dren with hypertriacylglycerolemia: a randomized, triple-masked,
placebo-controlled crossover trial. Nutrition 89

El Amrousy D, Abdelhai D, Shawky D (2022) Vitamin D and non-
alcoholic fatty liver disease in children: a randomized controlled
clinical trial (June, https://doi.org/10.1007/s00431-021-04243-4,
2021). Euro J Ped 181:587-587

Stounbjerg NG, Thams L, Hansen M, Larnkjaer A, Clerico JW,
Cashman KD, Molgaard C, Damsgaard CT (2021) Effects of vita-
min D and high dairy protein intake on bone mineralization and
linear growth in 6-to 8-year-old children: the D-pro randomized
trial. Am J Clin Nutr 114:1971-1985

Thams L, Stounbjerg NG, Hvid LG, Mglgaard C, Hansen M,
Damsgaard CT (2022) Effects of high dairy protein intake and
vitamin D supplementation on body composition and cardiometa-
bolic markers in 6-8-y-old children-the D-pro trial. Am J Clin
Nutr 115:1080-1091

Ganmaa D, Bromage S, Khudyakov P, Erdenenbaatar S, Delgererekh
B, Martineau ARJJP (2022) Influence of vitamin D supplementa-
tion on growth, body composition, and pubertal development among

72.

73.

74.

75.

76.

1.

78.

79.

80.

81.

school-aged children in an area with a high prevalence of vitamin D
deficiency: a randomized clinical trial

Reilly JJ (2006) Diagnostic accuracy of the BMI for age in paediat-
rics. Int J Obes 30:595-597

Huey SL, Acharya N, Silver A, Sheni R, Elaine AY, Pefia-Rosas
JP, Mehta S (2020) Effects of oral vitamin D supplementation on
linear growth and other health outcomes among children under
five years of age. Cochran Data Syst Rev

Bhandari N, Bahl R (2001) Taneja SJBJoN. Effect of micronutri-
ent supplementation on linear growth of children 85:S131-S137
McCormack SE, Cousminer DL, Chesi A, Mitchell JA, Roy SM,
Kalkwarf HJ, Lappe JM, Gilsanz V, Oberfield SE (2017) Shepherd
JAlJp. Association between linear growth and bone accrual in a
diverse cohort of children and adolescents 171:e171769—-e171769
Dopico XC, Evangelou M, Ferreira RC, Guo H, Pekalski ML,
Smyth DJ, Cooper N, Burren OS, Fulford AJ (2015) Hennig
BJJNc. Widespread seasonal gene expression reveals annual dif-
ferences in human immunity and physiology 6:1-13

Sari DK, Tala ZZ, Lestari S, Hutagalung SV, Ganie RA (2017)
Lifestyle differences in rural and urban areas affected the level
of vitamin D in women with single nucleotide polymorphism in
North Sumatera.

Mabley JG, Szabo CJIJOCR (2008) Inflammatory disease and
sunlight: the vitamin D-poly (ADP-ribose) polymerase connec-
tion. 3:169

Pasco JA, Henry MJ, Kotowicz MA, Sanders KM, Seeman E,
Pasco JR, Schneider HG, Nicholson GCJJOB (2004) Seasonal
periodicity of serum vitamin D and parathyroid hormone, bone
resorption, and fractures: the Geelong Osteoporosis Study.
19:752-758

Itoh H, Mori I, Matsumoto Y, Maki S, Ogawa YJIH (2011)
Vitamin D deficiency and seasonal and inter-day variation
in circulating 25-hydroxyvitamin D and parathyroid hor-
mone levels in indoor daytime workers: a longitudinal study
1106170071-1106170071

Kroll MH, Bi C, Garber CC, Kaufman HW, Liu D, Caston-
Balderrama A, Zhang K, Clarke N, Xie M, Reitz REJPO (2015)
Temporal relationship between vitamin D status and parathyroid
hormone in the United States. 10:e0118108

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


https://doi.org/10.1007/s00431-021-04243-4

	Oral vitamin D supplementation and body weight in children and adolescents: a systematic review and meta-analysis of randomized controlled trials
	Abstract
	Introduction
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Data extraction
	Risk of bias
	Quality of evidence
	Statistical analysis

	Results
	Study selection and characteristics
	Risk of bias and quality of evidence
	Meta-analysis
	Sensitivity analysis and publication bias
	Qualitative analysis

	Discussion
	Conclusion
	Acknowledgements 
	References


