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ABSTRACT
Background & aims: It is proposed that vitamin D supplementation might influence serum adipokines level; however,

the recent meta-analyses have led to inconsistent results while they had methodological limitations. Therefore, this
study aimed to examine the effects of vitamin D supplementation on serum adipokines through a systematic review and
a meta-analysis of randomized placebo-controlled trials (RCTs) using a more comprehensive search strategy.

Methods: PubMed, Google Scholar, and Scopus were searched to identify related articles published up to November
2017. Meanzstandard deviation (SD) of changes in serum adiponectin and leptin were extracted, and the effect sizes
were pooled using a random-effects model.

Studies with Controlled clinical trials design were eligible. Two reviewers extracted mean values and SDs of the
baseline, final and net change values of leptin and adiponectin in the intervention and control groups.

Results: The pooled results indicated that vitamin D supplementation affects neither circulating leptin (Hedges' g =
0.042, 95% Cl: -0.294 to 0.378, p = 0. 0.807, n=15) nor adiponectin (Hedges’ g = -0.034, 95% Cl: -0.243 to 0.174, p =
0.748, n=18) levels. Subgroup analysis showed that vitamin D supplementation might significantly decrease serum leptin
level in patients with end stage renal disease (Hedges' g =-0.634, 95 % Cl: -1.221 to -0.047, p = 0.034).

Conclusions: Although the current evidence does not support the significant effect of vitamin D supplementation on
adiponectin and leptin levels, further research is required to reach more definitive conclusions.
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Effect of vitamin D supplementation on adipokines

health burdens for poorer nations /1. Moreover,
overweight and obesity increase the risk of diabetes,
cardiovascular  disease, cancer and  premature
death /3].

Obesity is defined as an accumulation of large
amounts of fat mass in the body /4, 5/. The fat mass
secretes bioactive peptides, named adipokines, which
have an essential role in several processes, including
food intake, insulin action, lipid, and glucose
metabolism and regulation of the energy balance /6,
7]. The dysfunction in adipokines’ pathways is
considered as an important reason for diseases caused
by obesity /6, 7]. Leptin and adiponectin are well-
known adipokines that are involved in the regulation
of metabolic homeostasis, especially obesity /8/. It is
suggested that serum levels of adiponectin and leptin
are negatively and positively associated with body fat,
respectively /8/. Studies have shown that the
reduction in circulating adiponectin concentrations
in obese subjects might increase the risk of obesity,
insulin resistance, diabetes, metabolic syndrome,
cardiovascular disease and hypertension /9, 10].
Leptin is another adipokine that inhibits appetite
and increases energy expenditure by influencing
specific receptors in the hypothalamus when body fat
is elevated [11].

Recently, the association between vitamin D
deficiency and obesity and its possible mechanisms
has been considered by investigators /12/. A meta-
analysis of observational studies indicated a
significant inverse association between serum 25
(OH) D levels and BMI [13]. However, the meta-
analysis of clinical trials did not show the significant
effect of vitamin D supplementation on body
weight /14, 15], fat mass [14, 15], percentage of fat
mass or lean body mass /15/, and body mass index
(BMI) /14, 16]. Besides, it is proposed that vitamin
D might affect adipokines. Observational studies
suggest that serum 25 (OH) D levels are positively

adiponectin, and inversely

correlated with leptin /17, 18].

correlated  with

In contrast, a number of clinical trials showed that
vitamin D supplementation might increase the
plasma levels of leptin /79, 20/ and decrease serum
adiponectin levels /21/. On the other hand, some
other studies reported the reduction in serum leptin
levels /22] and the increase in serum adiponectin
levels /23, 24] after vitamin D supplementation.
However, some clinical trials did not show any
significant effect /25-27]. Recently, two meta-
analyses of clinical trials /28, 29] tried to summarize
the effect of vitamin D supplementation on leptin
and adiponectin levels, but their results were
inconsistent. While no significant effect of vitamin D
supplementation on leptin and adiponectin was
reported in a study by Dinca et al. /28], the other
study concluded that serum level of leptin is
significantly  increased  following vitamin D
supplementation /29/.  While both meta-analyses
have adopted the same search strategies, different
studies were included in their analysis, and
consequently, the different findings were found.
Furthermore, it is claimed that the number of
included studies in both meta-analyses were limited
and more clinical trials are needed in this regard. The
present study attempted to elucidate the effect of
vitamin D supplementation on plasma leptin and
adiponectin  concentrations by conducting an

updated systematic review and meta-analysis.

Materials And Methods

The present systematic review is reported based on
the preferred reporting items for systematic reviews
and meta-analysis (PRISMA) guidelines. The study
protocol was also registered in the prospective
reviews

international  register  of

(PROSPERO) under the registry number of CRD
42018092110.

systematic

Search strategy

This systematic review and meta-analysis
evaluated the effect of vitamin D supplementation
on serum adiponectin and leptin levels through

reviewing controlled clinical trials conducted in
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humans. The electronic databases including
PubMed, Google Scholar, and Scopus were searched
until November 2017, using two sets of the
following MeSH and non-MeSH keywords: 1)
“Vitamin  D”  OR  “Ergocalciferols”  OR
“Cholecalciferol” OR “Calcitriol” OR “Calcifediol”
OR  “25-Hydroxyvitamin D 2”7 OR “25-
hydroxyvitamin D” OR  “1-25-dihydroxy-23,23-
difluorovitamin D3” OR “25(OH)D” OR “25-OH
vitamin D” OR “1,25 (OH) (2) D” OR “1,25 (OH)
D” OR “1,25-(OH) (2) D (3)” OR “25-
hydroxyvitamin D” OR “Vitamin D” OR “25-(OH)
D (3)” OR “25-(OH) D (2)” OR “Ergocalciferols”
OR “Cholecalciferol” OR “Calcitriol” and 2)
“Intervention  Studies” OR  “intervention” OR
“controlled  tria”  OR  “randomized” OR
“randomised” OR “random” OR “randomly” OR
“placebo” OR “assignment” OR “clinical trial” OR
“trial” And “Adipocytokines” OR “Adipokine” OR
“Adiponectin” OR “Adipokines” OR “leptin.” The
wild-card term “*” was used to increase the
sensitivity of the search strategy. The search was
conducted in the title, abstract and keywords
without language limitation. Furthermore, the
reference lists of retrieved articles were also reviewed
for additional studies. All these steps were performed
by two researchers individually (S]JS and SS), and

disagreements were resolved by discussion.

Study selection

The original studies were included if they met the
following criteria: 1) being conducted in human
adults, 2) being controlled clinical trial in design
(either parallel or cross-over), 3) vitamin D
supplementation was considered as an intervention,
5) measured and reported leptin and adiponectin
concentrations were reported as an outcome at
baseline and the end of follow-up in each group or

provided the net change values.

Data extraction
Eligible studies were reviewed, and the following

information was extracted: lead author’s last name,

year of publication, study location, study design,
participant’s gender, the sample size of vitamin D
and control groups, type and dose of vitamin D,
participants’  characteristic, ~duration  of  the
treatment, mean values and SD of the baseline.
Ultimately, final concentrations and net changes of
leptin and adiponectin were extracted independently
by two reviewers (S], SS) in the intervention and

control groups.

Quality assessment

Quality of the included articles was evaluated
using the Cochrane Collaboration’s tool /30/ based
on the following domains: sequence generation
(selection bias), allocation sequence concealment
(selection bias), blinding of participants and outcome
assessors  (performance and  detection  bias,
respectively), incomplete outcome data (attrition
bias), selective outcome reporting (reporting bias)
and other potential sources of bias. The risk of bias
was measured as ‘low risk,” ‘high risk or “unclear
risk.” The included studies were classified as fair if
they were at low risk for two domains and good if

they were low risk in more than two domains.

Statistical analysis

The difference in mean change (MD) for serum
leptin, adiponectin levels and their corresponding
standard deviation (SD) were calculated for each
study. In case of not reporting the mean and SD for
mean change values, they were estimated using
correlation coefficient for studies which reported the
baseline, after follow-up and change values (r = 0.57
for leptin /20, 31-33] and r = 0.59 for adiponectin
[20, 23, 24, 31, 34, 35]. To check the sensitivity of
the meta-analyses to calculated  correlation
coefficients, the meta-analyses were replicated by
computing the effect sizes based on r = 0.2 and r =
0.8. The Hedges’ g and its corresponding standard
error (SE) were calculated as the effect size to
perform the meta-analysis because the values were

reported in different scales, and the conversion was

not possible. The meta-analyses were done using a
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random-effects model, which takes the between-
study heterogeneity into account. Statistical
heterogeneity between studies was examined using
the Cochran’s Q test and I-squared /36/. Subgroup
analysis was conducted to evaluate the sources of
between studies heterogeneity. In order to explore
the extent to which inferences might depend on a
particular study or group of studies, a sensitivity
analysis was performed by recalculating the pooled
effects after 1) removing the highest-weighted study
from a given analysis (the “leave-one-out” analysis)
[37]; and 2) testing alternatives by the 0.5
correlation between baseline and post-treatment
values (0.2 and 0.8). Publication bias was examined
by visual inspection of funnel plots /38/. In this
funnel, effect sizes were depicted against their
corresponding SE. Statistical assessment of funnel
plot asymmetry was tested using two formal tests,
the Begg’s adjusted rank correlation tests and the
Egger’s regression asymmetry test /39/. Statistical
analyses were conducted using STATA version 11.0
(STATA Corp. College Station, Texas). P-values
less than 0.05 was considered to be a significant

difference.

Results

After the initial search, 4,929 articles were
identified, and 227 duplicates were removed. The
screening of the title/abstracts led to 416 articles
which their full-text were assessed for eligibility;
393 items were eliminated because they did not
have the inclusion criteria and did not measure
adipokines as the outcome variable. Finally, 23
studies were entered into the systematic review and
22 studies in the meta-analysis (Figure 1). The
plasma adiponectin concentrations were evaluated
in 19 RCTs [20-27, 31, 33-35, 40-46] and 16
RCTs [19, 20, 22, 25-27, 31-33, 40-42, 44, 46-48]
reported data on plasma leptin concentrations. The
included studies have been published between 2009
to 2017. Among the twenty-three studies, twelve
were conducted in Asia [19, 22-24, 31-35, 40, 43,

48], three in America /25, 41, 47], six in Europe
[20, 26, 27, 42, 44, 45] and two in Australia /21,
46]. In the included studies, 858 participants were
assigned to vitamin D supplementation, and 846
were assigned as controls. Two studies /27, 41]
were conducted in only females, and others were
done in both sexes. The study duration ranged from
1 to 48 weeks.

Twelve studies administered daily doses /19, 21,
24-26, 31, 32, 40, 41, 44, 45, 47], four studies
managed weekly doses /22, 33, 34, 43/, two studies
did monthly doses /46, 48/, one study prescribed
vitamin D for every two weeks /35/, and four
studies used a single bolus dose /20, 23, 27, 42].
Fourteen studies were conducted on participants
with vitamin D deficiency [21-23, 25, 27, 31, 33,
34, 40-42, 45, 47, 48]. The doses of vitamin D
supplementation varied from 400 IU to 10000
IU/day in multiple daily doses prescription and
300000 IU to 600000 IU when single bolus doses
were prescribed. All randomized clinical trials have a
parallel design. So, if a study used different doses of
vitamin D /46/, it is included the highest dose in the
meta-analysis. Besides, one study investigated
different types of vitamin D, including ergocalciferol
and cholecalciferol for intervention /44]. Therefore,
the data for vitamin D; supplementation was
included.

Furthermore, the data of both male and female sex
was combined in a study conducted by Sharifi et al.
[35], and then they were analyzed. The researchers of
this study contacted the corresponding author of Al-
Sofiani et al. study /40] for data regarding the serum
level of leptin and adiponectin. However, a
requested data were not provided. So, the study was
included in the systematic review but not in the
meta-analysis. The characteristics of the included
studies are shown in Table 1. One study did not
report the final measurement of adipokines /[40];
thus this study was also excluded from the meta-

analysis.
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Figure 1: Study selection process

Risk of bias in individual studies

The result of evaluating the bias assessment in
included studies is presented in Table 2. A high risk
of bias was assessed according to random sequence
generation /48], allocation concealment /48],
blinding of participants and outcome assessors /32,
42, 48], and incomplete outcome data [44/ in a

number of studies. Some trials were classified as

unclear risk of bias regarding allocation concealment
[20-25, 31, 33, 41, 42, 44-46], blinding of
participants and outcome assessors [45/; but all
studies [19-27, 31-35, 41-48] were low-risk in terms
of other sources of bias. The overall quality of all the

included studies was assessed to be good.

The effect of vitamin D supplementation on
serum leptin levels

As shown in Figure 2, the meta-analysis of 15
studies /19, 20, 22, 25-27, 31-33, 41, 42, 44, 46-48]
did not show any significant effect of vitamin D
supplementation on serum leptin levels (Hedges’ g =
0.042, 95 % CI: -0.294 to 0.378, p = 0.807). There
was a high-level of heterogeneity between included
studies (Cochrane Q test, Q statistic = 93.79, P <
0.001, I = 85.1%). Subgroup analyses were
performed based on baseline vitamin D status,
disease status (with/without diabetes), kidney disease
status (yes/no) of participants, vitamin D type used
for supplementation, vitamin D supplementation
method  (single  dose/daily/weekly/two  weeks/
monthly), participants’ sex, study duration, and
vitamin D fortification (yes/no) to evaluate whether
the effect is different in a specific group of studies or
not. Vitamin D supplementation significantly
decreased serum leptin level in patients with end-
stage renal disease (ESRD) (Hedges™ g = -0.634, 95
% CI: -1.221 to -0.047, P = 0.034). However, the
serum leptin increased significantly when a single
dose of vitamin D supplementation was prescribed
(Hedges'g = 0.941, 95 % CI: 0.368 to 1.514, p =
0.001). Besides, subgroup analysis revealed that
study duration was another source of heterogeneity.
The results of this study were not sensitive to the

selected correlation coefficient (Table 3)



Effect of vitamin D supplementation on adipokines

Table 1. Characteristics of randomized controlled trials that evaluated the effect of vitamin D supplementation on serum leptin and adiponectin that were
eligible to be included in the systematic review

First author Gender Duration . o Supplementation strategy
. L. Country (No. of Subjects characteristic . Results
Publication year .. (week) Intervention control
participants)
. Both Young, healthy volunteers 300000 IU/month vitamin D3 Leptin was significantly
T 2 4 Turk 12 |
arcin, 2009/48] urkey (27) with 25(OH)D deficiency as an intramuscular injection placebo increased
O’Sullivan, Both . 600 IU/day No significant effect on
Irel 4 Health o I . . .
2011/26] reland (160) ealthy subjects vitamin D3 placebo leptin and adiponectin
800 I1U/daily given twice a L
. Both N ficant effect
Chai, 2012[47] USA ° 24 Healthy volunteers day as an oral dose (400 IU) placebo © Sflgm cant eftect on
(92) . leptin
vitamin D3
Neyestani, Both . . . 500 IU/day vitamin D3 plus 150 mg calcium Adiponectin was
| 12 T 2
2012[24] ran (60) ype 2 diabetic patients 150 mg calcium as the dough  as the dough significantly increased
Breslavsk Both No significant effect on
Y Israel 48 Type 2 diabetic patients 1000 1U/day vitamin D3 placebo leptin but adiponectin
2013/31] (47) . .
marginally increased
Both No signifi ff
Hung, 2013/25]  USA ot 8 Chronic hemodialysis patients  Paricalcitol cinacalcet © s.|gn| |cant. effect 9n
(10) leptin and adiponectin
Petchey,2013 . Both Patients with stage 3 Chronic . . Adiponectin was
A | 24 2 | D |
[21] ustralia (51) Kidney Disease 000 1U/day vitamin D3 placebo significantly decreased
Stepien, Both . . . No significant effect on
Irel 4 Health | D |
2013[44] reland (43) ealthy subjects 600 IU/day vitamin D3 placebo leptin and adiponectin
Wamberg, 2013 Both Obese subjects with low . . No significant effect on
[45] Denmark (55) 26 plasma levels of 25 (OH) D 7000 IU/day vitamin D3 placebo adiponectin
Witham, Female A single dose of 100,000 U No significant effect on
2013[27] UK (50) 8 Healthy women vitamin D3 placebo leptin and adiponectin
Type 2 diabetic patients with N
Both N f ff
Baziar, 2014[34] Iran ot 8 25 (OH) D insufficiency or 50000 IU/week vitamin D placebo 95|gn| |?ant effect on
(87) .. adiponectin
deficiency
B Leoti -
ng;’?lr;;adeh’ Iran (;}; 14 Type 2 diabetic patients 400 IU/day vitamin D3 placebo i:cizzs\gjs significantly
. . . . Leptin increased but No
. Both Type 2 diabetes and diabetic A single dose of 300,000 1U L
2014[2 2
Maggi, 2014/20] Italy (30) 4 foot complications vitamin D3 placebo significant effect on

adiponectin
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. Gender . Supplementation strategy
First author Duration . i
. L. Country (No. of Subjects characteristic . Results
Publication year .. (week) Intervention control
participants)
Leptin was significantly
Both Type 2 diabetic patients with . decreased but no
Tabesh, 2014[22] Iran (120) 8 25 (OH) D insufficiency 50000 IU/week vitamin D3 Placebo significant effect on
adiponectin
Al-Sofiani, Saudi Both Type 2 diabetic with . . No significant effect on
2015/40] Arabia (22) 12 hypovitaminosis D 5000 1U/day vitamin D3 Placebo leptin and adiponectin
Duggan, USA female 48 Obese subjects with 25 (OH) D 2000 IU/day vitamin D3 plus Placebo plus No significant effect on
2015[41] (218) deficiency weight-loss intervention weight-loss leptin and adiponectin
Waterhouse, Australia Both 48 Healthy adult 60000 IU/month vitamin D3 lacebo No significant effect on
2015/46] (644) ¥ P leptin and adiponectin
A singl f |
Alizadeh, Both Adult surgical patients with .smg. e dose of 600,000 1U Adiponectin was
2016[23] Iran (59) ! hyperglycemia vitamin D3 as an placebo significantly increased
yperely intramuscular injection g y
Mohammadi, Iran Both 12 Tvoe 2 diabetic patients 50000 IU/week vitamin D3 Placebo plus No significant effect on
2016 [43] (64) yp P plus lifestyle change lifestyle change adiponectin
ESRD patients undergoing .
Both L
Naini, 2016/33] Iran ot 12 hemodialysis with vitamin D 50000 IU/week vitamin D3 Placebo eptln dec.retased and
(64) - adiponectin increased
deficiency
o Both Patients with non-alcoholic . No significant effect on
Sharifi, 2016/35] Iran (53) 16 fatty liver disease (NAFLD) 50000 IU/2weeks vitamin D3 Placebo adiponectin
. . 500 IU vitamin D3 and 170 170 mg calcium . -
Hajimohammadi, Iran Both 12 Type 2 diabetic patients mg calcium as dough twicea  as dough twice a Leptin was significantly
2017 [32] (100) P P & 8 8 increased
day day
A single dose of 600,000 IU caloric restriction
. Both Obese subjects with vitamin vitamin D3 plus caloric . No significant effect on
Mai, 2017[42] Italy 4 . .. . and aerobic . . .
(26) D deficiency restriction and aerobic leptin and adiponectin

physical exercise

physical exercise
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Table 2. Study quality and risk of bias assessment using the Cochrane collaboration tool

Allocation Blinding of participants, Selective Other potential
Study Sequen.ce concealmen personnel and Incomplete outcome threats to Total Over.all
generation outcome data . - scores quality
t outcome assessors reporting validity
Tarcin (2009)[48] H H H L L L 3 good
O'Sullivan (2011)/26] L L L L L L 6 good
Chai (2012) [47] L L L L L L 6 good
Neyestani (2012) [24] L u L L L L 5 good
Breslavsky (2013)?/31] L u L L L L 5 good
Hung (2013)/25] L u L L L L 5 good
Petchey (2013)[21] L u L L L L 5 good
Wamberg (2013)/45] L u u L L L 4 good
Witham (2013)/27] L L L L L L 6 good
Baziar (2014)?[34] L L L L L L 6 good
Ghavamzadeh (2014)?[19] L L L L L L 6 good
Maggi (2014) [20] L U L L L L 5 good
Stepien (2014)[44] L U L H L L 4 good
Tabesh (2014)[22] L u L L L L 5 good
Al-Sofiani (2015)/40] L L L L H L 5 good
Duggan (2015)[41] L u L L L L 5 good
Waterhouse (2015)/46] L u L L L L 5 good
Alizadeh (2016)/23] L U L L L L 5 good
Mohammadi (2016)[43] L L L L L L 6 good
Naini (2016)[33] L U L L L L 5 good
Sharifi (2016)[35] L L L L L L 6 good
Hajimohammadi (2017)/32] L L H L L L 5 good
Mai (2017)[42] L U H L L L 4 good

L: Low; H:High
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Table 3. Meta-analysis showing the effect of vitamin D supplementation on serum leptin based on several subgroups (all analyses were conducted using a
random-effects model).

Stud Number of Meta-Analysis Heterogeneity P for between
udy group studies Hedges’g (95%Cl) P for effect = Qstatistic P for within group I” (%) group
Overall 18 -0.034 (-0.243, 0.174) 0.748 51.44 <0.001 67.0 --
Baseline vitamin D status
Normal 7 -0.031 (-0.172, 0.110) 0.666 5.58 0.472 -
Deficiency 11 -0.108 (-0.487, 0.271) 0.577 45.86 <0.001 78.2 0.970
Type 2 diabetes mellitus
Without diabetes 12 -0.004 (-0.179, 0.172) 0.966 17.07 0.106 35.6 0.702
With diabetes 6 -0.091 (-0.697, 0.515) 0.768 34.22 <0.001 85.4 ’
Kidney disease
Without ESRD" 15 -0.027 (-0.245, 0.191) 0.811 43.99 <0.001 68.2 0.851
With ESRD 3 -0.151 (-1.057, 0.755) 0.744 7.42 0.025 73.0 ’
Vitamin D type
Vitamin D3 17 -0.026 (-0.240, 0.187) 0.808 51.15 <0.001 68.7 0.589
Vitamin D2 1 -0.343 (-1.472, 0.787) 0.552 0.00 -- -- ’
Vitamin D administration
Single dose 4 0.229 (-0.269, 0.727) 0.367 5.42 0.144 44.6
Daily 8 -0.007 (-0.207, 0.194) 0.947 8.78 0.269 20.2
Weekly 4 -0.219 (-1.090, 0.652) 0.622 32.48 <0.001 90.8 0.312
2 Weeks 1 -0.118 (-0.649, 0.413) 0.663 0.00 -- --
Monthly 1 -0.084 (-0.277, 0.109) 0.394 0.00 -- --
Gender
Both 14 -0.022 (-0.279, 0.235) 0.866 50.42 <0.001 72.2
Female 3 0.002 (-0.238, 0.242) 0.987 0.85 0.655 -- 0.776
male 1 -0.281 (-1.029, 0.468) 0.462 0.00 -- --
Study duration
Short term (<8weeks) 8 -0.217 (-0.693, 0.259) 0.372 36.34 <0.001 80.7 0.088
Long term (=8 weeks) 10 0.063 (-0.106, 0.232) 0.468 12.20 0.202 26.2 '
Fortification
No fortification 17 -0.066 (-0.279, 0.147) 0.544 47.73 <0.001 66.5 0.054
Fortified foods 1 0.454 (-0.052, 0.960) 0.079 0.00 -- -- )

1 ESRD: End-stage renal disease
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Table 4. Meta-analysis indicated the effect of vitamin D supplementation on serum adiponectin based on several subgroups (all analyses were conducted
using a random-effects model).

Number of Meta-Analysis Heterogeneity
Study group . L. L 2 P for between group
studies Hedges’g(95%Cl) P for effect Qstatistic P for within group 1" (%)

Overall 15 0.042 (-0.294,0.378) 0.807 93.79 <0.001 85.1 -
Baseline vitamin D status

Normal 7 0.108 (-0.089, 0.305) 0.283 8.45 0.207 29.0 0.205

Deficiency 8 -0.100 ( -0.867, 0.667) 0.798 83.73 <0.001 91.6 )
Type 2 diabetes mellitus

Non diabetic 10 0.133 (-0.163, 0.429) 0.379 31.98 <0.001 71.9

Diabetic 5 -0.176 (-1.212, 0.860) 0.739 60.94 <0.001 93.4 0.353
Kidney disease

Without ESRD 13 0.118 (-0.239, 0.476) 0.517 86.54 <0.001 86.1 0.013

With ESRD 2 -0.634 (-1.221, -0.047) 0.034 1.12 0.290 10.7
Vitamin D type

Vitamin D3 14 0.050 (-0.298, 0.398) 0.778 93.74 <0.001 86.1 0.828

Vitamin D2 1 -0.122 (-1.242, 0.999) 0.832 <0.001 -- -- '
Vitamin D administration

Single dose 3 0.941 (0.368, 1.514) 0.001 0.19 0.910 --

Daily 8 0.056 (-0.100, 0.212) 0.479 3.92 0.789 - <0.001

Weekly 2 -1.651 (-3.315, 0.013) 0.052 13.45 <0.001 92.6 '

Monthly 2 0.664 (-0.761, 2.090) 0.361 18.30 <0.001 94.5
Gender

Both 13 0.049 (-0.345, 0.444) 0.806 93.71 <0.001 87.2 0.795

Female 2 -0.029 (-0.293, 0.234) 0.827 0.01 0.903 -- )
Study duration

Short term (<8weeks) 6 -0.289 (-1.297, 0.719) 0.575 5491 <0.001 90.9 0.030

Long term (=8 weeks) 9 0.199 (-0.105, 0.503) 0.199 34.14 <0.001 76.6 '
Fortification

No fortification 14 0.041 (-0.328, 0.411) 0.826 93.69 <0.001 86.1 0.754

Fortified foods 1 0.062 (-0.327, 0.451) 0.756 0.00 -- -- )
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Study %

D ES (95% CI) Weight

Tarcin (2009) _— 1.43 (0.79, 2.06) 688
O'sulivan (2011) —_ -0.01 (036, 0.33) 833
Chai (2012) = 0.08 (051, 0.66) 7.15
Breslavsky (2013) —= 0.10 (059, 0.79) 661
Witham (2013) E 0.20(-3.48, 3.88) 076
Hung (2013) _— -0.12 (-1.24, 1.00) 454
Ghavamzadeh (2014) 0,56 (0,01, 1.11) 7.34
Maggi (2014) —_— 0.91(0.09,1.73) 594
Stepien (2014) —_ 0.09(0.49, 0.68) 715
Tabesh (2014) _— { 251 (:3.18, -1.83) 6.67
Duggan (2015) —- -0.03(-0.30, 0.23) 865
Waterhouse (2015) - -0.03 (0.2, 0.16) 887
Emani (2016) —_ E -0.81 (141, 0.20) 7.06
Hajimohammadi (2017) —_— 0.06 (0.3, 0.45) 815
Mai (2017) —_— 1.01(0.19, 1.83) 590
Overall (-squared = 85.1%, p =0.000) 0.04(-0.29, 0.38) 100.00
NOTE: Weights are from random effects analysis
T T T
-3.88 0 3.88

Figure 2. Forest plot of randomized controlled
clinical trials illustrating standardized mean
difference (Hedges’ g) in serum leptin concentration
change between the vitamin D supplementation and
control groups for all eligible studies. The analysis

was conducted using the random-effects model.

Study %
D ES (95% C)) Weight
O'sullivan (2011) —_— 017 (0.52,0.18) 761
Neyestani (2012) L_._ 0.45 (0.05, 0.96) 615
Petchey (2013) —_— -0.79 (-1.58, 0.01) 4.02
Breslavsky (2013) —_— 019 (0.49, 0.88) 470
Witham (2013) —o—%— -0.40 (-1.30, 0.50) 3.45
Hung (2013) —_— e -0.34 (-1.47, 0.79) 252
Wamberg (2013) —--o— 012 (0.49,0.73) 528
Baziar (2014) _— 0,05 (0.38, 0.48) 6.83
Maggi (2014) _— 0.26 (0.52, 1.04) a1
Stepien (2014) —o:-— -0.08 (0.67, 0.50) 547
Tabesh (2014) —_— | -1.64 (-2.23, -1.06) 5.49
Duggan (2015) —_— 0.04(0.23, 0.30) 836
Waterhouse (2015) —oj—— -0.08 (-0.28, 0.11) 892
Alizadeh (2016) | ——— 0.76(0.19, 1.32) 565
Sharifi (combined) (2016) _..‘._ -0.12 (0,65, 0.41) 594
Mohammai (2016) —_— 0.16 (0.38, 0.69) 593
Emani (2016) 1 055 (0.05, 1.14) 543
Mai (2017) —:— 0.00(0.77,0.77) 415
Overall (squared = 67.0%, p = 0.000) <> -0.03(0.24,0.17) 100.00
NOTE: Weights are from random effects analysis 3
u T

2.23 223

Figure 3. Forest plot of randomized controlled
clinical trials illustrating standardized mean
difference (Hedges’ g) in serum adiponectin
concentration change between the vitamin D
supplementation and control groups for all eligible
studies. The analysis was conducted using the

random-effects model.

The effect of vitamin D supplementation on
serum adiponectin levels

Eighteen clinical trials [20-27, 31, 33-35, 41-
46] evaluated the

supplementation on serum adiponectin. Meta-

effect  of vitamin D

analysis could not find any significant effect of
vitamin D supplement on serum adiponectin
(Hedges” g = -0.034, 95 % CI: -0.243 t0 0.174, p
= 0.748) (Figure 3). There was a high level of
heterogeneity between studies (Cochrane Q test,
Q statistic = 51.44, P < 0.001, I, = 67.0%) (Table
4). Thus, several subgroup analyses were
conducted to investigate the sources of
heterogeneity. The non-significant effect of
vitamin D supplementation on serum leptin levels
was also shown across almost all subgroups. The
results of this study were not impressed by using
different correlation coefficients.

The analysis was conducted using a random-

effects model.

Sensitivity analysis and publication bias
The sensitivity analysis could not show any

substantial change according to the effect of
vitamin D supplementation on leptin and
adiponectin after one by one exclusion of the trials
from the meta-analysis. Although a slight
asymmetry was observed in Begg’s funnel plots
(Figure 4A for leptin and Figure 4B for
adiponectin), there was no evidence of publication
bias for meta-analyses evaluating the effect of
vitamin D supplementation on leptin and
adiponectin levels by using Beggs (P = 0.373, P =
0.820, respectively) and Egger’s asymmetry tests
(P=0.799, P = 0.932, respectively).
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(A)

Begg's funnel plot with pseudo 95% confidence limits

_576

Hedge

T T ] T T
. 1 15 2
s.e. of: Hedge 576

(B)

Begg's funnel plot with pseudo 95% confidence limits

_595

Hedge

4
s.e. of: Hedge_595

Figure 4. Begg’s funnel plots (with pseudo 95% Cls)
for the mean differences (MDs) versus their SEs
(standard errors) for studies that assessed the effect
of vitamin D supplementation on leptin (A) and
adiponectin (B). The horizontal line shows the
pooled standardized mean difference (Hedges’ g)
calculated with the DerSimonian and Laird random-
effects model

Discussion
The present meta-analysis of twenty-two RCTs
did not reveal any significant effects of vitamin D

supplementation on  circulating leptin  and

12

adiponectin levels. The subgroup analysis showed
that vitamin D supplementation might significantly
decrease serum leptin levels in patients with ESRD,
and the current level of serum leptin increased
following vitamin D supplementatiion in a single
dose. Our findings are consistent with the results of a
previous meta-analysis conducted by Dinca et al.
[28]. However, they enrolled lower numbers of
studies, including 9 RCTs, in their investigation. In
contrast, the findings of the other meta-analysis by
Hajimohammadi et al. /29/ on 6 RCTs, who
evaluated the effect of vitamin D supplementation
only on leptin, showed a potential increase of serum
leptin after vitamin D supplementation. That
increase was dependent on the type of population,
the dose of vitamin D supplementation, study
duration, and the initial level of 25 (OH) D in the
selected participants.

In comparison with a prior meta-analysis that
conducted by Dinca et al. /28/ and another study
performed by Hajimohammadi et al. /29/, 13 and 16
more studies were found, respectively. Therefore, more
subgroup analysis could be performed. The result of
subgroup analysis based on the administered vitamin D
dose between our study and the other meta-analyses
conducted by Dinca et al. /28] is different. They did
not report any significant effect of vitamin D
supplementation on leptin when prescribed in a single
dose comparing to multiple daily doses. Besides, there
are some differences between our study and the other
meta-analysis performed by Hajimohammadi et al. /29/
in the findings of subgroup analysis based on being
with or without diabetes, baseline level of 25 (OH) D
and the study duration. They expressed that vitamin D
supplementation could significantly increase the serum
level of leptin in diabetic patients in comparison with
others. Individuals with baseline 25 (OH) D < 30
ng/ml have significantly increased serum leptin
following vitamin D supplementation compared to a
subject who did not have vitamin D deficiency. Also,

serum level of leptin significantly increased when study
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duration reached a maximum of 12 months.
Adipokines usually are produced by adipose tissue
[49] and numerous clinical studies have reported
relationships between them and body composition
indices /50-52]. Both adiponectin and leptin have a
crucial role in energy homeostasis, and the regulation
of adipose tissue /53, 54]. Leptin is a protein
produced by the OB gene, so its concentration in
people with obesity is higher than people with normal
weight and is closely correlated with the percentage of
body fat. Thus, the increase in body fat is translated
into an increase in serum leptin and its possible
mechanism is the induction of the OB gene
expression as the subjects with obesity have a
significantly greater amount of OB gene/mRNA level
than normal-weight subjects /55/. In addition,
adiponectin is another adipokine that its expression is
reduced in the adipose tissue of obese subjects /56].
Adiponectin levels are higher in those without obesity
compared to those with obesity /57]. According to
significant metabolic effects of adiponectin like
lowering glucose, enhancing fatty acid B-oxidation,
and improving insulin sensitivity, it appears that
hypoadiponectinemia is the result of obesity and
resistance  /58].

Therefore, weight changes and insulin are two of the

adipose tissue-specific  insulin

most important regulators of adipokines /59-62].

Vitamin D is an essential fat-soluble vitamin and
its role in the pathogenesis of obesity is a subject of
debate in clinical nutrition and public health /63/.
Consequently, several studies have tried to examine
the effect of vitamin D supplementation on obesity
but the findings of meta-analyses of randomized
controlled trials /14-16]/ did not indicate any
beneficial effects of vitamin D supplementation on
weight and body fat.

Insulin may also have a direct effect on adipokines
regulation. Insulin reduces adiponectin levels in
humans in vivo /64, 65] and in vitro [66-68]. Besides,
diabetic patients have a greater amount of adiponectin

in comparison with healthy controls (45). It seems

that hyperinsulinemia may have a negative effect on
circulating adiponectin levels and cause insulin
resistance /62]. According to adiponectin role in
glucose uptake and free fatty acid oxidation in muscles
and inhibiting gluconeogenesis in the liver and
improving insulin sensitivity, it appears that
hypoadiponectinemia is a consequence of insulin
resistance /58, 69]. Furthermore, there is a
relationship between insulin resistance and serum
leptin concentration in several studies /61, 70, 71].
Insulin resistant subjects have double leptin levels in
comparison with those subjects who were not insulin
resistant with the same degree of adiposity in both
men and women /72, 73]. The results of the Miami
Community Health Study revealed a significant
inverse association between insulin resistance and
leptin in both diabetic men and women, independent
of obesity and hyperinsulinemia /74/. The
mechanism of the relationship between insulin
resistance, independent of adiposity, with elevated
plasma leptin concentrations, might be the effect of
elevated plasma insulin concentrations on stimulating
OB gene expression /75/. However, meta-analyses
indicated that there was insufficient evidence to
suggest taking vitamin D for insulin improvement
[76-79]. The possible mechanism of the lack of
association between vitamin D and adipokines can be
explained by the ineffectiveness of vitamin D
supplementation on insulin level as modulator
adipokines production.

The subgroup analysis based on vitamin D
intervention amount revealed that a single dose of
vitamin D supplementation can significantly increase
serum leptin levels. Vitamin D probably stimulates
the production of adipose leptin in a vitamin D
receptor-dependent manner /80]. Results of a study
done by Kong et al. /80/ showed that serum leptin
levels and adipose leptin mRNA transcript are
significantly elevated after treatment with vitamin D.
Maggi et al. /20] also observed that a single dose of
300,000 IU vitamin D3 could significantly increase
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serum leptin level in diabetic patients after 24 weeks.
Perhaps, the single large dose of vitamin D3 that was
used in the included studies /20, 27, 42] was
sufficient to increase 250HD levels to the 75
nmol/L threshold that some investigators believe is
required for beneficial health results /81/. Thus,
serum leptin levels might increase.

Another result of the subgroup analysis based on
kidney disease status showed that vitamin D
supplementation significantly decreased serum leptin
levels in participants with ESRD. Patients with
ESRD have more vitamin D deficiency compared to
the healthy population leading to an elevated
morbidity and mortality rate in these patients. The
serum levels of adipokines are generally elevated in
these patients, and it is due to its decreased renal
clearance /55, 82]. Several observational studies have
reported an inverse association between vitamin D
status and serum leptin levels /83-86/. According to
the role of leptin in the development of
inflammation, increasing the heart rate, blood
pressure, and consequently increasing the risk of
myocardial infarction (MI), and cerebrovascular
accident, a decrease in serum leptin level might
improve survival in ESRD patients /33/. In addition,
some studies reported that the administration of
active vitamin D increases insulin sensitivity in
ESRD patients /87-89/ that it may lead to a
reduction in leptin serum level.

In the present study, more articles were found and
included in comparison with two prior meta-analyses
with the same search strategy, which is the strength
of this meta-analysis. However, the present meta-
analysis has several limitations, which must be noted.
Various doses of vitamin D were administered for
intervention in the involved studies, and the dose-
response association between supplementation and
adipokines changes could not be evaluated. The
studies included were heterogeneous in the field of
population similarities, including age, condition

health, and serum level of vitamin D as well as study
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duration. Only published studies were used in this
meta-analysis. The unpublished trials were not
searched, and the researchers did not have access to

individual patient-level data.

Conclusion

In conclusion, the present systematic review and
meta-analysis of controlled clinical trials did not reveal a
significant effect of vitamin D supplementation on
adipokines concentration. However, subgroup analysis
showed that vitamin D supplementation significanty
increases the serum level of leptin when prescribed in a
single mega-dose. Moreover, leptin levels significantly
decreased in patients with ESRD after vitamin D
supplementation. The long-term interventions with
double-blind placebo-controlled design exploring the
effect of single-dose administration of vitamin D and in
patients with kidney disease are recommended to

confirm our results.
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