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Figure  1: Study selection process 
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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 
Publication year 

Country 
Gender  
(No. of  

participants) 

Duration 
(week) 

Subjects characteristic 
Supplementation strategy 

Results 
Intervention control 

Tarcin, 2009[48] Turkey 
Both 
(27) 

12 
Young, healthy volunteers 
with  25(OH)D deficiency 

300000 IU/month vitamin D3 
as an intramuscular injection 

placebo 
Leptin was significantly 
increased 

O’Sullivan, 
2011[26] 

Ireland 
Both 
(160) 

4 Healthy subjects 
600 IU/day 
vitamin D3 

placebo 
No significant effect on 
leptin and adiponectin 

Chai, 2012[47] USA 
Both 
(92) 

24 Healthy  volunteers 
800 IU/daily given twice a 
day as an oral dose (400 IU) 
vitamin D3 

placebo 
No significant effect on 
leptin 

Neyestani, 
2012[24] 

Iran 
Both 
(60) 

12 Type 2 diabetic patients 
500 IU/day vitamin D3 plus 
150 mg calcium as the dough 

150 mg calcium 
as the dough 

Adiponectin was 
significantly increased 

Breslavsky, 
2013[31] 

Israel 
Both 
(47) 

48 Type 2 diabetic patients 1000 IU/day vitamin D3 placebo 
No significant effect on 
leptin but  adiponectin 
marginally increased 

Hung, 2013[25] USA 
Both 
(10) 

8 Chronic hemodialysis patients Paricalcitol cinacalcet 
No significant effect on 
leptin and adiponectin 

Petchey,2013 
[21] 

Australia 
Both 
(51) 

24 
Patients with stage 3 Chronic 
Kidney Disease  

2000 IU/day vitamin D3 placebo 
Adiponectin was 
significantly decreased 

Stepien, 
2013[44] 

Ireland 
Both 
(43) 

4 Healthy subjects 600 IU/day vitamin D3 placebo 
No significant effect on 
leptin and adiponectin 

Wamberg, 2013 
[45] 

Denmark 
Both 
(55) 

26 
Obese subjects with low 
plasma levels of 25 (OH) D 

7000 IU/day vitamin D3 placebo 
No significant effect on 
adiponectin 

Witham, 
2013[27] 

UK 
Female 

(50) 
8 Healthy women  

A single dose of 100,000 IU 
vitamin D3 

placebo 
No significant effect on 
leptin and adiponectin 

Baziar, 2014[34] Iran 
Both 
(87) 

8 
Type 2 diabetic patients with 
25 (OH) D  insufficiency or 
deficiency 

50000 IU/week vitamin D placebo 
No significant effect on 
adiponectin 

Ghavamzadeh, 
2014[19] 

Iran 
Both 
(51) 

14 Type 2 diabetic patients 400 IU/day vitamin D3 placebo 
Leptin was significantly 
increased 

Maggi, 2014[20] Italy 
Both 
(30) 

24 
Type 2 diabetes and diabetic 
foot complications 

A single dose of 300,000 IU 
vitamin D3 

placebo 
Leptin increased but No 
significant effect on 
adiponectin 
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First author 
Publication year 

Country 
Gender  
(No. of  

participants) 

Duration 
(week) 

Subjects characteristic 
Supplementation strategy 

Results 
Intervention control 

Tabesh, 2014[22] Iran 
Both 
(120) 

8 
Type 2 diabetic patients with 
25 (OH) D   insufficiency 

50000 IU/week vitamin D3 Placebo 

Leptin was significantly 
decreased but no 
significant effect on 
adiponectin 

Al-Sofiani, 
2015[40] 

Saudi 
Arabia 

Both 
(22) 

12 
Type 2 diabetic with 
hypovitaminosis D 

5000 IU/day vitamin D3 Placebo 
No significant effect on 
leptin and adiponectin 

Duggan, 
2015[41] 

USA 
female 
(218) 

48 
Obese subjects with 25 (OH) D 
deficiency  

2000 IU/day vitamin D3 plus 
weight-loss intervention 

Placebo plus  
weight-loss 

No significant effect on 
leptin and adiponectin 

Waterhouse, 
2015[46] 

Australia 
Both 
(644) 

48 Healthy adult 60000 IU/month vitamin D3 placebo 
No significant effect on 
leptin and adiponectin 

Alizadeh, 
2016[23] 

Iran 
Both 
(59) 

1 
Adult surgical patients with 
hyperglycemia  

A single dose of 600,000 IU 
vitamin D3 as an 
intramuscular injection 

placebo 
Adiponectin was 
significantly increased 

Mohammadi, 
2016 [43] 

Iran 
Both 
(64) 

12 Type 2 diabetic patients 
50000 IU/week vitamin D3 
plus  lifestyle change 

Placebo plus  
lifestyle change 

No significant effect on 
adiponectin 

Naini, 2016[33] Iran 
Both 
(64) 

12 
ESRD patients undergoing 
hemodialysis with vitamin D 
deficiency 

50000 IU/week vitamin D3 Placebo 
Leptin decreased and 
adiponectin increased 

Sharifi, 2016[35] Iran 
Both 
(53) 

16 
Patients with non-alcoholic 
fatty liver disease (NAFLD) 

50000 IU/2weeks vitamin D3 Placebo 
No significant effect on 
adiponectin 

Hajimohammadi, 
2017 [32] 

Iran 
Both 
(100) 

12 Type 2 diabetic patients 
500 IU vitamin D3 and  170 
mg calcium as dough twice a 
day 

170 mg calcium 
as dough twice a 
day 

Leptin was significantly 
increased 

Mai, 2017[42] Italy 
Both 
(26) 

4 
Obese subjects with  vitamin 
D deficiency 

A single dose of 600,000 IU 
vitamin D3 plus  caloric 
restriction and aerobic 
physical exercise 

caloric restriction 
and aerobic 
physical exercise 

No significant effect on 
leptin and adiponectin 
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Table 2. Study quality and risk of bias assessment using the Cochrane collaboration tool  

Study 
Sequence  

generation 

Allocation  
concealmen

t 

Blinding of participants,  
personnel and  

outcome assessors 

Incomplete  
outcome data 

Selective 
outcome  
reporting 

Other potential  
threats to 

validity 

Total  
scores 

Overall  
quality 

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). 

Study group 
Number of 

studies 

Meta-Analysis Heterogeneity P for between 
group Hedges’g (95%CI) P for effect Q statistic P for within group I

2
 (%) 

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 -- 
0.970 

Deficiency 11 -0.108 (-0.487,  0.271) 0.577 45.86 <0.001 78.2 

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

1
 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 

0.312 
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 
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 

0.776 Female 3 0.002 (-0.238,  0.242) 0.987 0.85 0.655 -- 
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). 

Study group 
Number of 

studies 

Meta-Analysis Heterogeneity 
P for between group 

Hedges’g(95%CI) P for effect Q statistic P for within group I
2
 (%) 

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 
0.353 

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

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 -- 

<0.001 
Daily 8 0.056 (-0.100, 0.212) 0.479 3.92 0.789 -- 
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 54.91 <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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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. 
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studies. 
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Figure 4. Begg’s funnel plots (with pseudo 95% CIs) 

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 
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