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CLIA: Chemiluminescent immunoassay; RIA: Radioimmunoassay; ELISA: Enzyme-linked immunosorbent assay; IA: Immunoassay; ECLIA: Electrochemiluminescence
immunoassay; PBA: Protein binding assay; EIA: Enzyme-immunosorbent assay; NHANES : National health and nutrition examination surveys; KNHANES: Korea national health and
nutrition examination survey; PORMETS: Portuguese metabolic syndrome; NORNS: North Korean refugee health in south Korea; AusDiab: The Australian diabetes, obesity and lifestyle
study; HUNT: Nord-Trandelag health study
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First Author (Year) OR (95% Cl) Weight (%)
Asian Countries |
Kim (2010) —0-—:- 0.40 (0.20, 0.81)1.59
Majumdar (2011) (Male) : + 1.70 (0.32, 9.05)0.34
Majumdar (2011) (Female) - 0.60 (0.21, 1.70)0.82
Khader {2011) — 0.82 (0.65, 1.03)5.87
Chon (2014) - 0.95(0.82, 1.11)7.16
Al-Daghri (2015) (Male) + 0.51(0.16, 1.70)0.64
Al-Daghri (2015) (Female) :J—o— 1.72(0.81, 3.68)1.43
Kim (2015) e 1.01(0.80, 1.28)5.80
Sung (2016) (Male) . 0.96 (0.92, 1.00)8.46
Sung (2016) (Female) * 0.86 (0.81, 0.91)8.34
Jung (2018) : —— 1.10(0.87, 1.39)5.75

Lee (2019) (Male) —_— 0.55(0.36, 0.84)3.37
Lee (2019) (Female) 0.78 (0.59, 1.03)5.19

Zhu (2019) (Male) 0.86 (0.77, 0.96)7.78

-
Zhu (2019) (Female) —— 0.89 (0.70, 1.12)5.81
Subtotal (I-squared = 55.6%, P =0.005) ,{ 0.89 (0.83, 0.96)68.35
1
Non-Asian Countries |
Ford (2005) —_— | 0.32 (0.23, 0.45)4.34
Reis (2007) (Male) —_— 0.47 (0.20, 1.12)1.14
Reis (2007) (Female) —_— 0.51(0.26, 1.01)1.70
Oosterwerff (2011) —— 0.79 (0.61, 1.01)5.57
Maki (2012) = m 0.57 (0.39, 0.84)3.77
Kim (2012) | —— 1.30 (0.99, 1.71)5.16
Mai (2012) —_— 0.38 (0.27, 0.54)4.07
Vitezova (2015) — 0.71(0.57, 0.89)5.91
Subtotal (I-squared = 87.1%, P<0.001f<—" 0.59 (0.42, 0.83)31.65
Overall (I-squared = 80.7%, P<0.001) é 0.79 (0.71, 0.87)100.00
|
T : |
0.111 1 9.05
Favorable Odds Ratio Unfavorable
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First Author (Year)

Developed Countries

1
1
Ford (2005) —_—
Reis (2007) (Male) - :
Reis (2007) (Female) —_—
Kim (2010) —_—
Qosterwerff (2011) —
Maki (2012) —_—

Kim (2012) e

Mai (2012) —_—
Chon (2014)
Vitezova (2015)

Sung (2016) (Male)
Sung (2016) (Female)
Jung (2018)

Lee (2019) (Male) ———
Lee (2019) (Female) —

Subtotal (I-squared = 86.1%, P <0.001) <

Developing Countries !

1
—-
——
Kim (2015) —
*
*
——

OR (95% CI) Weight (%)

0.32 (0.23, 0.45)4.34
0.47 (0.20, 1.12)1.14
0.51 (0.26, 1.01)1.70
0.40 (0.20, 0.81)1.59
0.79 (0.61, 1.01)5.57
0.57 (0.39, 0.84)3.77
1.30(0.99, 1.71)5.16
0.38 (0.27, 0.54)4.07
0.95 (0.82, 1.11)7.16
0.71 (0.57, 0.89)5.91
1.01(0.80, 1.28)5.80
0.96 (0.92, 1.00)8.46
0.86 (0.81, 0.91)8.34
1.10(0.87, 1.39)5.75
0.55 (0.36, 0.84)3.37
0.78 (0.59, 1.03)5.19

0.75 (0.67, 0.85) 77.31

1
Majumdar (2011) (Male) -

>
-

Majumdar (2011) (Female) *
Khader (2011)
Al-Daghri (2015) (Male) +

Zhu (2019) (Male)

1.70 (0.32, 9.05)0.34
0.60 (0.21, 1.70)0.82
0.82 (0.65, 1.03)5.87

0.86 (0.77, 0.96)7.78

—
) 0.51(0.16, 1.70)0.64
Al-Daghri (2015) (Female) J—O— 1.72(0.81, 3.68)1.43
-~
——

Zhu (2019) (Female)
Subtotal (I-squared = 0.0%, P = 0.508) 0

Overall (I-squared = 80.7%, P<0.001) d)

0.89(0.70, 1.12)5.81
0.86 (0.79, 0.94) 22.69

0.79 (0.71, 0.87000.00

I
0.111 1

Favorable

Odds Ratio

T

905 Unfavorable
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Abbreviations: CLIA: Chemiluminescent immunoassay; ECLIA: Electrochemiluminescence immunoassay; RIA: Radio
immunoassay; ELISA: Enzyme-linked immunosorbent assay; EIA: Enzyme-immunosorbent assay.

**P for heterogeneity, within subgroup (<001/0)
*P for heterogeneity, within subgroup (<05/0)

++P for heterogeneity, between subgroups (<001/0)
+P for heterogeneity, between subgroups (<05/0)

3Quality Scores were according to Newcastle-Ottawa Scale.
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First Author (Year)
Ford (2005)

Reis (2007) (Male) - |

Reis (2007) (Female)
Kim (2010)

—
H

OR (95% Cl) Weight (%)

0.83(0.78, 0.89) 10.11
0.89(0.78, 1.02) 8.76
0.92(0.82,1.03) 9.19
0.75(0.62,0.91) 7.31

Majumdar (2011) (Male)

Majumdar (2011) (Female)
Mai (2012) -

Maki (2012) il
Chon (2014) -
Sung (2016) (Male) :
Sung (2016) (Female) -
Raposo (2017) |
Overall {I-squared = 98.8%, P < 0.001) <~

]

L

)

1.29(0.69, 2.40) 1.91
0.87 (0.58, 1.32) 3.55
0.78 (0.78, 0.79) 10.57
0.91(0.85, 0.97) 10.07
0.91(0.85, 0.97) 10.07
0.99 (0.98, 1.01) 10.54
0.95 (0.93, 0.98) 10.48
1.11(0.92, 1.34) 7.45
0.90 (0.82, 0.99) 100.00

0.416 1

Favorable

Odds Ratio

24
Unfavorable
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ABSTRACT

Background: Although the relation of serum vitamin D levels with abdominal obesity has been investigated
by previous observational studies, the results are inconsistent. In the current study, a dose-response meta-
analysis was conducted on epidemiologic studies that evaluated this association in adults.

Methods: We performed a systematic search of all published articles, up to May 2020, in five electronic
databases. A total of 41 observational studies that reported odds ratios (ORs) or relative risks (RRs) with 95%
confidence intervals (Cls) for abdominal obesity in relation to serum vitamin D levels in adults were found.
Results: Meta-analysis on 36 cross-sectional studies (combining 44 effect sizes) with 257699 participants,
illustrated that the highest serum vitamin D level in comparison with the lowest serum vitamin D level was
significantly related to 23% decreased odds of central obesity (OR=0.77; 95%CI:0.71-0.83). This inverse
association was also significant in almost all subgroups based on different covariates. Based on dose-response
analysis, each 25 nmol/l increase in serum vitamin D levels, was related to 8% reduced risk of central obesity
(OR=0.92;95%CI:0.85,0.99). After limiting the analysis to 23 effect sizes from 17 studies with representative
population (242135 participants), the same results were obtained (OR=0.79; 95%CI: 0.71-0.87). Based on
dose-response analysis on studies with representative populations, each 25 nmol/l increase in blood vitamin D
levels was linked to 10% decreased central adiposity risk(OR=0.90; 95%CIl: 0.82, 0.99).

Conclusion: In this meta-analysis of epidemiologic studies, we demonstrated an inverse significant relation
between serum vitamin D levels and risk of central obesity in adults, in a dose-response manner. The same
findings were obtained in representative populations.

Keywords: Serum 25-Hydroxy Vitamin D; Abdominal Obesity; Waist Circumference; Meta-Analysis;
Epidemiologic Studies
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