
329

ABSTRACT

BACKGROUD/OBJECTIVES: Evidence has suggested an association between serum vitamin D 
and metabolic syndrome (MetS), but prospective studies are very limited. The objective was 
to assess the dose-response association between serum vitamin D concentration and MetS 
risk using a systematic review and meta-analysis of updated observational studies.
MATERIALS/METHODS: Using MEDLINE, PubMed, and Embase, a systematic literature 
search was conducted through February 2020 and the references of relevant articles were 
reviewed. A random-effects model was used to estimate the summary odds ratio/relative 
risk and 95% confidence interval (CI). Heterogeneity among studies was evaluated with 
I2 statistic. In total, 23 observational studies (19 cross-sectional studies, and four cohort 
studies) were included in the meta-analysis.
RESULTS: The pooled estimates (95% CI) for MetS per 25-nmol/L increment in serum vitamin D 
concentration were 0.80 (95% CI, 0.76–0.84; I2 = 53.5) in cross-sectional studies, and 0.85 (95% 
CI, 0.72–0.98; I2 = 85.8) in cohort studies. Similar results were observed, irrespectively of age of 
study population, study location, MetS criteria, and adjustment factors. There was no publication 
bias for the dose-response meta-analysis of serum vitamin D concentrations and MetS.
CONCLUSIONS: Dose-response meta-analysis demonstrated that a 25-nmol/L increment in 
the serum vitamin D concentration was associated with 20% and 15% lower risks of MetS in 
cross-sectional studies and cohort studies, respectively.

Keywords: Metabolic syndrome; vitamin D; meta-analysis; systematic review

INTRODUCTION

Vitamin D deficiency is regarded as a global health issue over the world [1]. Previous studies 
have found high prevalence of vitamin D deficiency worldwide [2,3]. About 1 billion people 
have low vitamin D levels and this is found in all ethnicities and age groups [4].

Vitamin D plays a critical role in calcium metabolism, skeletal maintenance, immunity, and 
cell proliferation and differentiation [5]. Recently, vitamin D deficiency has been reported to 
have a strong relationship with increased risks of cardiovascular disease (CVD) and metabolic 
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syndrome (MetS) [6,7]. MetS has been considered as a risk factor for CVD and type 2 diabetes 
mellitus [8,9]. MetS has rapidly increased with changing diets and lifestyle factors [10,11].

Numerous studies have showed the inverse relationship between vitamin D levels and the 
risk of developing MetS. In Beijing adults aged 21–97 years, the prevalence of MetS was at 
least three times greater in subjects with lower plasma 25-hydroxyvitamin D (25[OH]D) 
concentrations (< 10 ng/mL) than in those with higher plasma 25(OH)D concentrations 
(> 30 ng/mL) after adjustment for potential risk factors [12]. In a cross-sectional study of 
Australian adults aged 18–75 years, the prevalence of MetS was 65% lower in the highest 
tertile of serum vitamin D concentrations than in the lowest tertile [13]. Meta-analysis of 
cross-sectional studies also revealed an inverse association between serum vitamin D levels 
and MetS risk [14,15]. However, these studies failed to demonstrate a prospective association 
between serum vitamin D levels and MetS risk. Recently, more longitudinal studies have been 
published on the relationship between serum vitamin D levels and MetS risk. In longitudinal 
analysis of Preventive Health Program, an increase of serum 25(OH)D ≥75nmol/L was 
associated with a lower risk of MetS [16].

In this context, the dose-response association between serum vitamin D levels and MetS risk 
was explored through a systematic review and meta-analysis, combining data from updated 
observational studies including prospective studies.

MATERIALS AND METHODS

Literature search strategy
Two investigators (KL and JK) independently searched the literatures. Using MEDLINE, 
PubMed, and Embase, a systematic literature search was performed through February 2020. 
The following search terms were used: (‘vitamin D’ or ’25 hydroxyvitamin D’ or ‘25(OH)
D’ or ‘cholecalciferol’) and (‘metabolic syndrome’ or ‘syndrome X’ or ‘insulin resistance 
syndrome’). Additionally, references of the articles searched and meta-analyses or review 
articles were reviewed to identify relevant studies.

Study eligibility
Observational studies were included, studies had to have vitamin D concentration as the 
exposure variable, have MetS as the outcome variable, and report odds ratio (OR) or relative 
risk (RR) and their confidence intervals (CIs) in adults. If duplication from the identical 
study were identified, the study with the largest number of subjects was selected. Titles and 
abstracts were checked out for first screening, and then full texts were reviewed. Publications 
written in non-English language were also included if the summary estimates and 95% CIs 
could be extracted from the table of full text. Two investigators (KL and JK) independently 
reviewed all studies, and discrepancies were discussed for agreement.

Data extraction
Two investigators (KL and JK) extracted the data from the original studies and further 
discussed the data to resolve any disagreements. The following data were extracted from 
individual study: publication year, first author's name, study design, study location, number 
and age of subjects, follow-up period for cohort studies, definition of MetS, OR or RR with 
95% CI for MetS according to serum vitamin D, and adjusted variables. When multivariable 
adjustment models were presented, the most-adjusted model was selected. For consistency, 
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data presented as ng/mL were converted to nmol/L with the conversion factor of 2.496. For 
studies that reported the 25(OH)D concentration as a range, the midpoint of the upper and 
lower bounds of the range was calculated. If the upper boundary for the highest category was 
not provided, the values were calculated based on the expectation that the boundary had the 
same amplitude as the adjacent category. When the lowest category was open-ended, the 
values were calculated through the computation of the midpoint.

Study quality assessment
Two investigators (KL and JK) independently assessed the quality of studies based on 
the modified Newcastle-Ottawa quality assessment scale [17] for the following criteria: 
justification of sample size, representativeness of the sample, comparability of subjects, 
ascertainment of the risk factor, non-respondents, and apparent description of the statistical 
analysis. The assessment scores ranged between 0 and 10. Total scores ≥ 8 (out of 10) are 
considered as high quality. Total scores < 8 indicated low quality. Disagreement in quality 
assessment between the 2 investigators were resolved by discussion. To avoid selection bias, 
we did not reject any study based on the quality criteria.

Statistical analysis
Random-effects model was used for the linear or non-linear dose-response analysis [18]. 
When a study reported separate estimates of the serum vitamin D concentration according 
to sex [19-21], the effect estimates in the same study for serum vitamin D concentration were 
combined in a random-effects model in the main analysis.

The dose-response association between the exposure (serum vitamin D) and the outcome 
(MetS) was examined in generalized least-squares trend estimation analysis. This analysis was 
used first to estimate the study-specific slope lines and then to derive an overall slope, which 
required the number of subjects and cases [18,22]. When the required numbers were not 
provided, variance-weighted least squares meta-regression analysis was applied to calculate 
the slopes [18,22]. For these two analyses, the mean or median value for each concentration 
category was used. For studies not providing these values in each category, the midpoint of the 
upper and lower boundary in each category was used as the average concentration.

To visualize and summarize the associations between exposure and outcome, the estimates 
from each study with pooled estimates are presented as forest plots. A P-value for 
nonlinearity was estimated by testing the null hypothesis that the coefficient of the second 
spline was equal to 0.

A subgroup and meta-regression analysis were performed to assess the sources of 
heterogeneity, including the study design (cross-sectional/cohort), study location (North 
America/Asia-Pacific/Europe), MetS criteria (National Cholesterol Education Program 
Adult Treatment Panel III [NCEP ATP III]/International Diabetes Federation/Joint interim 
statement/Chinese Diabetes Society)] and adjustment factors (age, alcohol intake, smoking, 
physical activity, education, body mass index [BMI], energy intake, dietary or supplemental 
calcium and vitamin D intake, serum parathyroid hormone [PTH] levels and season). 
For a sensitivity analysis, one study at a time was removed and the pooled estimates from 
remaining studies were calculated to assess the effect of the removed study. To identify 
heterogeneity and inconsistency, the Q test and I2 statistic were calculated [23,24]. The 
assumption of heterogeneity was considered valid for P-values < 0.10. The tau-squared 
statistic was calculated to estimate the between-study variance. Publication bias were 
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evaluated by visual inspection of the funnel plot with a pseudo 95% CI and by Egger's 
regression asymmetry test and [25] and Begg's test [26]. The detection of publication bias 
was considered as P-value < 0.1. In addition, the Luis Furuya Kanamori (LFK) index was 
applied for the identification of publication bias [27]. The closer the value of the LFK index to 
zero, the more symmetrical plot would be and zero represents complete symmetry. The LFK 
values beyond ± 1 were deemed consistent with possible publication bias. Statistical analyses 
were conducted using Stata/SE 14.2 (STATA, College Station, TX, USA) and MetaXL version 
5.3 (EpiGear International, Sunrise Beach, Australia).

RESULTS

Literature search
A total of 3,226 papers were searched and 609 were excluded due to duplication. Additionally, 
two articles were included from reference review. During title and abstract screening, 2,510 
articles were excluded. The following 86 articles were further excluded from full text review: 
3 not related to exposure, 4 reviews, 3 studies that did not conduct in adults, 56 studies that 
did not report OR or 95% CI, 12 studies that did not report data for vitamin D concentration, 
5 studies reported in the same population, 2 study that focused on patients with particular 
diseases, and 1 case-control study. Ultimately, 23 observational studies [12,13,16,19-21,28-44]  
were included in the meta-analysis including 19 cross-sectional studies, and four cohort 
studies (Fig. 1).

Study characteristics
A dose response meta-analysis on the association between serum vitamin D level and 
MetS risk included 23 studies, including 19 cross-sectional studies [12,13,20,21,28,30-
38,40-44], and four cohort studies [16,19,29,39] (Table 1). Six studies [16,21,30,31,32,38] 
were conducted in North America, eleven studies [12,19,20,28,29,33,35,37,41,43,44] were 
conducted in Asia-Pacific and 6 studies [13,34,36,39,40,42] were conducted in Europe. The 
follow-up period of the cohort studies was from 1.1 to 6.8 years. Eleven studies [20,21,30,32-
39] defined MetS according to the guidelines of the NCEP ATP III, while twelve studies 
[13,16,19,28,29,31,33,40-44] defined MetS according to the Joint interim statement, or 
International Diabetes Federation, or Chinese Diabetes Society criteria. Most studies were 
adjusted for sex, age, alcohol intake, smoking, and physical activity. Nine studies [13,32,34,37-
41,43] provided the OR/RR adjusted for education. Eight studies [20,28,29,31,33-35,41] 
provided the OR/RR adjusted for BMI. Three studies [31,32,38] reported the OR/RR adjusted 
for vitamin D intake and supplement use. Five studies [13,28,30,31,35] reported the OR/RR 
adjusted for calcium intake and supplement use. In the quality assessment of the studies, the 
quality scores for the studies were between 5 and 10, with a mean score of 7.6.

Dose-response meta-analysis between serum vitamin D concentration and MetS
Totally, 23 studies involving 15,540 cases and 70,369 participants were investigated. In a 
dose-response meta-analysis, a 25-nmol/L increase in the serum vitamin D concentration 
was associated with a 20% lower risk of MetS (OR = 0.80; 95% CI, 0.76–0.84; I2 = 53.5%; 
τ2 = 0.003; Z = 41.52, P < 0.001) in cross-sectional studies, a 15% lower risk of MetS (RR 
= 0.85; 95% CI, 0.72–0.98; I2 = 85.8%; τ2 = 0.014; Z = 13.29, P < 0.001) in cohort studies, 
and an 19% lower risk of MetS in all studies (OR = 0.81; 95% CI, 0.77–0.85; I2 = 63.9%; τ2 = 
0.0042; Z = 42.59, P < 0.001) (Fig. 2). Compared with low concentration of serum vitamin 
D, the estimated OR/RR of MetS was 0.81 (95% CI, 0.77–0.85) for 25 nmol/L, 0.67 (95% CI, 
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0.59–0.74) for 50 nmol/L, 0.54 (95% CI, 0.45–0.63) for 75 nmol/L, 0.35 (95% CI, 0.26–0.44) 
for 125 nmol/L, and 0.27 (95% CI, 0.19–0.35) for 150 nmol/L. However, there was no non-
linear association between serum vitamin D and the MetS (P non-linearity = 0.10); therefore, 
a weighted linear regression model was applied (Fig. 3).
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Full-text articles excluded, with reasons (n = 86)
- Not related to exposure (n = 3)
- No adult population (n = 3)
- Review (n = 4)
- Did not report OR or 95% CI (n = 56)
- Did not report data for vitamin D concentration (n = 12)
- Reported the same population (n = 5)
- Study focused on patients (n = 2)
- Case-control study (n = 1)

Fig. 1. Flow chart of the selection process according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Statement.

Table 1. Characteristics of studies on the association between serum vitamin D status and metabolic syndrome
Author, year Study design 

(follow up 
period)

Location Age  
(yrs)

No. of 
subjects

Criteria for 
metabolic 
syndrome

Serum vitamin 
D concentration 

(nmol/L)

OR or RR  
(95% CI)

Adjustments Overall 
quality

Cross-sectional studies
Ford et al., 
2005 [32]

Cross-
sectional

US ≥ 20 8,421 Modified NCEP 
ATP III

Q1 (≤ 48.4) 1.00 Age, sex, race/ethnicity, 
education, smoking status, 
cotinine concentration, total 
cholesterol concentration, 
C-reactive protein 
concentration, alcohol use, 
physical activity, fruit and 
vegetable intake, vitamin or 
supplement use, and season of 
study participation

6
Q2 (48.5–63.4) 0.82 (0.60–1.10)
Q3 (63.5–78.1) 0.75 (0.55–1.02)
Q4 (78.2–96.3) 0.60 (0.44–0.83)
Q5 (≥ 96.4) 0.46 (0.32–0.67)

(continued to the next page)
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Table 1. (Continued) Characteristics of studies on the association between serum vitamin D status and metabolic syndrome
Author, year Study design 

(follow up 
period)

Location Age  
(yrs)

No. of 
subjects

Criteria for 
metabolic 
syndrome

Serum vitamin 
D concentration 

(nmol/L)

OR or RR  
(95% CI)

Adjustments Overall 
quality

Reis et al., 
2007 [21]

Cross-
sectional

US 44–96 1,070 Modified NCEP 
ATP III

Men Men Age, current smoking, alcohol 
use, exercise, season of study 
participation, and hormone 
therapy (in women)

9
I (< 87.5) 1.00

II (87.5–97.4) 0.83 (0.39–1.73)
III (97.5–110) 0.68 (0.32–1.43)
IV (110.1–126.2) 0.65 (0.32–1.34)
V (≥ 126.3) 0.57 (0.26–1.25)

Women Women
I (< 77.5) 1.00

II (77.5–92.4) 0.96 (0.48–1.90)
III (92.5–103.7) 0.96 (0.51–1.79)
IV (103.8–119.9) 1.33 (0.69–2.57)
V (≥ 120) 0.88 (0.43–1.80)

Hyppönen et 
al., 2008 [34]

Cross-
sectional

UK 42–46 6,810 Modified NCEP 
ATP III

Lowest third 
(9–45)

1.00 Sex, month, hour of 
measurement, and insulin-like 
growth factor-I

7

Middle third 
(46–67)

0.58 (0.48–0.72)

Highest third 
(68–231)

0.33 (0.26–0.42)

Lee et al., 
2009 [36]

Cross-
sectional

UK 40–79 
men

3,069 Modified NCEP 
ATP III

Q1 (< 35.7) 1.00 Age, smoking, alcohol 
consumption, physical activity, 
season and center, PTH, and 
HOMA-IR

7
Q2 (35.7–49.4) 0.94 (0.62–1.43)
Q3 (49.5–65.1) 0.78 (0.56–1.08)
Q4 (65.2–85.9) 0.61 (0.36–1.04)
Q5 (> 85.9) 0.60 (0.47–0.78)

Lu et al., 2009 
[37]

Cross-
sectional

China 50–70 3,262 Modified NCEP 
ATP III

Q1 (≤ 28.7) 1.00 Age, sex, geographic location, 
residential region, visit date, 
education, physical activity, 
smoking, alcohol drinking, 
family history of CVD and 
diabetes, self-reported 
coronary heart disease and 
stroke, and inflammatory 
factors

7
Q2 (28.8–36.8) 0.94 (0.76–1.17)
Q3 (36.9–45.5) 0.71 (0.57–0.88)
Q4 (45.6–57.6) 0.58 (0.47–0.72)
Q5 (≥ 57.7) 0.40 (0.32–0.50)

Kim et al., 
2010 [35]

Cross-
sectional

Korea ≥ 40 1,330 Modified NCEP 
ATP III

Q1 (10–29.7) 1.00 Age, gender, BMI, season of 
blood draw, smoking, drinking, 
exercise, total energy, Ca and 
sodium intake, PTH, and serum 
Ca levels

9
Q2 (30–39.2) 0.72 (0.47–1.09)
Q3 (39.4–49.4) 0.72 (0.46–1.12)
Q4 (49.7–61.2) 0.55 (0.35–0.89)
Q5 (61.4–116.8) 0.34 (0.21–0.58)

Chacko et al., 
2011 [31]

Cross-
sectional

US 50–79 
women

292 Joint interim 
statement

T1 (< 35) 1.00 Age, race/ethnicity, month of 
blood draw, geographic region, 
case-control status, smoking 
status, alcohol intake, physical 
activity, supplemental vitamins 
(vitamin D, Ca, magnesium, 
multivitamins with minerals), 
and BMI

7
T2 (35–51) 0.43 (0.20–0.93)
T3 (≥ 52) 0.38 (0.16–0.91)

Majumdar et 
al., 2011 [20]

Cross-
sectional

India 18–75 441 Modified NCEP 
ATP III

Men Men Age, BMI, and smoking habits 7
Q1 (< 28.2) 1.00
Q2 (28.2–38.0) 0.3 (0.1–0.9)
Q3 (38.1–47.0) 0.8 (0.3–2.0)
Q4 (47.1–57.8) 0.9 (0.3–2.3)
Q5 (> 57.8) 0.6 (0.2–1.7)

Women Women
Q1 (< 25.2) 1.00
Q2 (25.2–34.2) 1.1 (0.4–3.4)
Q3 (34.3–42.9) 1.1 (0.4–3.4)
Q4 (43.0–53.5) 1.5 (0.5–4.9)
Q5 (> 53.5) 1.2 (0.4–3.6)

(continued to the next page)
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Author, year Study design 
(follow up 

period)

Location Age  
(yrs)

No. of 
subjects

Criteria for 
metabolic 
syndrome

Serum vitamin 
D concentration 

(nmol/L)

OR or RR  
(95% CI)

Adjustments Overall 
quality

Maki et al., 
2012 [38]

Cross-
sectional

US ≥ 20 3,529 Modified NCEP 
ATP III

Q1 (7.5–44.9) 1.00 Age, sex, race/ethnicity, 
education, smoking status, 
serum cotinine, C-reactive 
protein, alcohol use, physical 
activity, sum of total fruit 
and vegetable Healthy Eating 
Index scores, and daily intake 
of vitamin D from dietary 
supplements

6
Q2 (45–59.9) 0.75 (0.54–1.03)
Q3 (60–74.9) 0.69 (0.49–0.96)
Q4 (75–215) 0.40 (0.27–0.59)

Bea et al., 
2015 [30]

Cross-
sectional

US Mean 65 2,096 Modified NCEP 
ATP III

Deficient (< 50) 1.00 Age, race/ethnicity, 
supplemental Ca, waist-hip 
ratio and sex

9
Inadequate 
(50–75)

0.70 (0.54–0.92)

Adequate (≥ 75) 0.47 (0.35–0.63)
Huang et al., 
2015 [33]

Cross-
sectional

Taiwan 22–39 355 Modified NCEP 
ATP III

T1 (21.5–58.8) 1.00 Age, sex, smoking status, 
alcohol consumption, physical 
activity, BMI, and HOMA-IR

8
T2 (58.9–79.4) 0.81 (0.19–3.40)
T3 (79.5–218.2) 0.64 (0.14–2.89)

Lu et al., 2015 
[12]

Cross-
sectional

China 21–97 3,275 International 
Diabetes 
Federation

< 25 1.00 Age, sex, BMI, waist 
circumference, FPG, 
triglyceride, HDL-C, low-density 
lipoprotein, systolic blood 
pressure, and diastolic blood 
pressure

7
25–50 0.70 (0.46–1.06)
50–75 0.27 (0.15–0.46)
≥ 75 0.16 (0.06–0.38)

Vitezova et al., 
2015 [40]

Cross-
sectional

Netherlands ≥ 55 3,240 Joint interim 
statement

< 50 1.00 Age, sex, physical activity, diet 
quality score, family history 
of cardiometabolic diseases, 
baseline cardiometabolic 
diseases, smoking, education, 
income, season of blood draw, 
and year of blood draw

8
50–75 0.70 (0.58–0.84)
≥ 75 0.61 (0.49–0.77)

Akter et al., 
2017 [28]

Cross-
sectional

Japan 18–69 1,790 Joint interim 
statement

< 50 1.00 Age, sex, energy intake, 
smoking status, alcohol intake, 
physical activity, night or 
rotating shift work, Ca intake 
and BMI

9
50–75 0.79 (0.55–1.15)
≥ 75 0.52 (0.25–1.04)

Pannu et al., 
2017 [13]

Cross-
sectional

Australia 18–75 3,404 Joint interim 
statement

Low (33) 1.00 Age, gender, country of birth, 
income, education, smoking, 
season, energy intake, 
physical activity level, body 
weight, alcohol, dietary fiber, 
magnesium, Ca, and retinol

10
Medium (54) 0.77 (0.58–1.04)

High (77) 0.35 (0.26–0.48)

Huang et al., 
2019 [41]

Cross-
sectional

China 49–86 
women

616 International 
Diabetes 
Federation

Deficient (< 50) 1.00 Age, years after menopause, 
BMI, education, season of 
blood sampling, exercise, PTH, 
estradiol (pg/mL)

7
Insufficient 

(50–75)
0.76 (0.52–1.11)

Sufficient (≥ 75) 0.38 (0.22–0.66)
Ganji et al., 
2020 [43]

Cross-
sectional

Qatar 20–80 
women

700 International 
Diabetes 
Federation

Q1 (< 32.5) 1.00 Age, income, education, and 
menopause

8
Q2 (32.5–45) 1.37 (0.88–2.15)
Q3 (45–62.5) 1.34 (0.85–2.13)
Q4 (≥ 62.5) 0.50 (0.29–0.85)

Yeap et al., 
2020 [42]

Cross-
sectional

Australia Mean 
58.1

4,858 International 
Diabetes 
Federation

< 50 Males Unadjusted 5
50–100 1.00
> 100 0.56 (0.37–0.86)

0.24 (0.15–0.86)
Females

1.00
0.61 (0.46–0.81)
0.37 (0.46–0.81)

Weldegiorgis 
et al., 2020 
[44]

Cross-
sectional

China > 50 2,764 Joint interim 
statement

Q1 (≤ 24.6) 1.00 Age, sex, cigarette status, 
alcohol consumption, 
physical activity, total serum 
cholesterol, low-density 
lipoprotein, and creatinine

7
Q2 (24.6–35) 0.76 (0.55–1.06)
Q3 (35–48.7) 0.74 (0.53–1.03)
Q4 (≥ 48.8) 0.67 (0.45–0.90)

Table 1. (Continued) Characteristics of studies on the association between serum vitamin D status and metabolic syndrome

(continued to the next page)



Subgroup, meta-regression and sensitivity analysis
The results of the subgroup and meta-regression analyses are presented in Table 2. The 
subgroup analysis revealed no differences according to age group. For study design, cross-
sectional studies (OR = 0.80; 95% CI, 0.76–0.84) [12,13,20,21,28,30-38,40-44] and cohort 
studies (RR = 0.85; 95% CI, 0.72–0.98) [16,19,29,39] showed significant inverse associations. 
Subgroup analyses showed no difference in study design, study location and MetS criteria (P 
> 0.1). Study quality (P = 0.010), and adjustment for alcohol intake (P = 0.045) contributed to 
heterogeneity. Regarding to adjustment factors such as smoking, physical activity, education, 
BMI, energy intake, calcium intake or supplement use, vitamin D intake or supplement use, 
serum PTH levels, and season, no differences were found (P > 0.1). By study design, study 
quality contributed to heterogeneity (P = 0.092) across cross-sectional studies and study 
quality (P = 0.001) and adjustment for alcohol intake (P = 0.001) contributed to heterogeneity 
across cohort studies.

In a sensitivity analysis, the pooled estimates were in the range of 0.80 (95% CI, 0.77–0.85) to 
0.82 (95% CI, 0.79–0.86). When 2 studies [12,29] were excluded, the heterogeneity decreased 
(I2 = 50.8%) with the different result (OR = 0.83; 95% CI, 0.80–0.86).

Publication bias
Publication bias for the dose-response meta-analysis of serum vitamin D concentrations and 
MetS risk was not observed (Begg's P = 0.94, Egger's P = 0.78, LFK index= 0.53). Funnel plot 
for publication bias was presented in Fig. 4.
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Author, year Study design 
(follow up 

period)

Location Age  
(yrs)

No. of 
subjects

Criteria for 
metabolic 
syndrome

Serum vitamin 
D concentration 

(nmol/L)

OR or RR  
(95% CI)

Adjustments Overall 
quality

Cohort studies
Gagnon et al., 
2012 [39]

Cohort (5 yrs) Australia ≥ 25 11,247 Modified NCEP 
ATP III

Q1 (< 45) 1.00 Age, sex, ethnicity, season, 
latitude, smoking, family history 
of type 2 diabetes, physical 
activity, education, epidermal 
growth factor receptor, and 
HOMA-IR

9
Q2 (45–57.5) 1.26 (0.95–1.65)
Q3 (60–67.5) 0.87 (0.65–1.17)
Q4 (70–82.5) 0.91 (0.68–1.21)
Q5 (85–232.5) 0.72 (0.53–0.98)

Amirbaigloo et 
al., 2013 [29]

Cohort (6.8 
yrs)

Iran ≥ 20 644 Joint interim 
statement

< 50 1.00 BMI, waist circumference, FPG, 
blood pressure, triglyceride, 
HDL-C, and smoking status

8
50–75 0.96 (0.66–1.39)
> 75 1.01 (0.66–1.55)

Pham et al., 
2015 [16]

Cohort (1.1 yrs) Canada Mean 51 6,682 Joint interim 
statement

< 50 1.00 Gender, baseline age, season 
at baseline, season at follow-
up, tobacco smoking status, 
alcohol drinking status, 
physical activity at baseline, 
and physical activity change 
during follow-up

7
50–75 0.78 (0.60–1.01)
75–100 0.49 (0.37–0.64)
100–125 0.37 (0.27–0.52)

> 125 0.24 (0.16–0.34)

Gao et al., 
2017 [19]

Cohort (4 yrs) China Mean 46 474 Chinese 
Diabetes Society

Men Men Age, physical activity, smoking, 
alcohol consumption, family 
history of obesity, diabetes, 
hypertension, hyperlipidemia 
and CVD, baseline weight, FPG, 
2-hour postprandial glucose 
level, triglyceride, HDL-C, 
systolic blood pressure, and 
diastolic blood pressure

7
Q1 (13.93–32.6) 1.00
Q2 (32.61–39.15) 1.00 (0.38–2.62)
Q3 (39.16–45.15) 0.88 (0.32–2.40)
Q4 (45.15–64.14) 0.29 (0.06–1.30)

Women Women
Q1 (15.42–36.57) 1.00
Q2 (36.58–41.71) 0.82 (0.26–2.58)
Q3 (41.72–49.49) 0.66 (0.19–2.23)
Q4 (49.5–80.3) 0.33 (0.07–1.58)

OR, odds ratio; RR, relative risk; CI, confidence interval; NCEP ATP III, National Cholesterol Education Program Adult Treatment Panel III; PTH, parathyroid 
hormone; HOMA-IR, homeostasis model assessment of insulin resistance; CVD, cardiovascular disease; BMI, body mass index; Ca, calcium; FPG, fasting plasma 
glucose; HDL-C, high-density lipoprotein cholesterol.

Table 1. (Continued) Characteristics of studies on the association between serum vitamin D status and metabolic syndrome
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Author Year OR/RR (95% CI) Weight (%)
Cross-sectional
Akter et al. [28] 2017 0.88 (0.78–1.01)
Bea et al. [30] 2015 0.82 (0.76–0.89)

0.65 (0.48–0.89)
0.75 (0.59–0.94)
0.93 (0.72–1.20)
0.86 (0.79–0.94)
0.70 (0.52–0.93)
0.82 (0.68–1.00)
0.73 (0.67–0.78)
0.61 (0.50–0.73)
1.46 (0.53–4.04)
0.84 (0.74–0.96)
0.76 (0.69–0.83)
0.90 (0.52–1.29)
0.92 (0.78–1.08)
0.83 (0.73–0.94)
0.88 (0.56–1.40)
0.79 (0.72–0.87)
0.87 (0.82–0.92)
0.80 (0.76–0.84)

0.92 (0.78–1.08)
1.00 (0.90–1.11)
0.68 (0.59–0.78)
0.82 (0.76–0.87)
0.85 (0.72–0.98)

0.81 (0.77–0.85)

4.73
6.81
2.39
2.98
1.89
6.38
2.39
3.33
7.24
4.73
0.05
4.92
6.60
0.85
3.60
5.11
0.72
6.38
7.44

78.53

3.60
5.11
5.52
7.24

21.47

100.00

0.5 1.0 1.5

Chacko et al. [31] 2011
Ford et al. [32] 2005
Huang et al. [33] 2015
Hyppönen et al. [34] 2008
Kim et al. [35] 2010
Lee et al. [36] 2009
Lu et al. [37] 2009
Lu et al. [12] 2015
Majumdar et al. [20] 2011
Maki et al. [38] 2012
Pannu et al. [13] 2017
Reis et al. [21] 2007
Ganji et al. [43] 2020
Huang et al. [41] 2019
Weldegiorgis et al. [44] 2020
Yeap et al. [42] 2020
Vitezova et al. [40] 2015
Subtotal (I2 = 53.5%, P = 0.003)

Cohort
Gagnon et al. [39] 2012
Amirbaigloo et al. [29] 2013
Pham et al. [16] 2015
Gao et al. [19] 2017
Subtotal (I2 = 85.8%, P = 0.000)

Overall (I2 = 63.9%, P = 0.000)

Fig. 2. Forest plot for the linear dose-response relationship between serum vitamin D status (per 25-nmol/L 
increment) and metabolic syndrome. 
OR, odds ratio; RR, relative risk; CI, confidence interval.
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Fig. 3. Linear dose-response regression model on the relationship between serum vitamin D and the risk of MetS 
in observational studies. The solid line represents the weighted regression line, with weights proportional to the 
precision of the OR/RR. 
MetS, metabolic syndrome; OR, odds ratio; RR, relative risk.



DISCUSSION

This meta-analysis revealed a linear inverse association between serum vitamin D 
concentration and the risk of MetS in both cross-sectional and cohort studies. In a dose-
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Table 2. Subgroup analysis of studies on the association of serum vitamin D status with the risk of MetS in observational studies
Study No. of studies OR or RR (95% Cl) I2 (%) P value for 

heterogeneity
P*

All studies 23 0.81 (0.77–0.85) 63.9 0.000
Age 0.475

Total 10 0.82 (0.74–0.91) 73.5 0.000
Middle 4 0.81 (0.72–0.89) 70.0 0.019
Elderly 9 0.80 (0.76–0.85) 52.3 0.032

Study design 0.374
Cross-sectional 19 0.80 (0.76–0.84) 53.5 0.003
Cohort 4 0.85 (0.72–0.98) 85.8 0.000

Study location 0.290
North America 6 0.77 (0.70–0.84) 43.7 0.114
Asia-Pacific 11 0.82 (0.75–0.90) 74.0 0.000
Europe 6 0.83 (0.78–0.88) 46.6 0.096

MetS criteria 0.840
NCEP ATP-III 11 0.81 (0.77–0.86) 34.3 0.124
Others 12 0.81 (0.75–0.86) 75.6 0.000

Quality assessment 0.010
High (≥ 8) 10 0.86 (0.81–0.92) 55.2 0.017
Low (< 8) 13 0.77 (0.73–0.82) 55.5 0.008

Adjustment for confounders
Alcohol 0.045

Yes 13 0.78 (0.74–0.82) 34.3 0.108
No 10 0.84 (0.79–0.90) 40.6 0.000

Smoking 0.798
Yes 17 0.82 (0.77–0.86) 64.6 0.000
No 6 0.80 (0.74–0.87) 68.5 0.007

Physical activity 0.500
Yes 17 0.82 (0.78–0.87) 70.3 0.000
No 6 0.83 (0.73–0.93) 77.9 0.000

Education 0.626
Yes 9 0.82 (0.77–0.87) 63.9 0.005
No 14 0.80 (0.74–0.86) 66.1 0.000

BMI 0.477
Yes 9 0.82 (0.72–0.91) 74.3 0.000
No 14 0.80 (0.77–0.84) 53.9 0.009

Energy intake 0.640
Yes 3 0.79 (0.70–0.88) 47.0 0.152
No 20 0.81 (0.77–0.86) 66.3 0.000

Calcium (dietary intake or supplement use) 0.442
Yes 5 0.79 (0.73–0.85) 37.2 0.173
No 18 0.82 (0.77–0.87) 68.4 0.000

Vitamin D (dietary intake or supplement use) 0.480
Yes 3 0.77 (0.67–0.88) 28.0 0.249
No 20 0.82 (0.78–0.86) 67.1 0.000

Serum PTH 0.782
Yes 3 0.81 (0.73–0.89) 0.0 0.534
No 20 0.81 (0.77–0.85) 68.1 0.000

Season 0.536
Yes 9 0.80 (0.74–0.86) 57.1 0.017
No 14 0.82 (0.77–0.87) 69.2 0.000

MetS, metabolic syndrome; OR, odds ratio; RR, relative risk; CI, confidence interval; NCEP ATP-III, National Cholesterol Education Program Adult Treatment 
Panel III; BMI, body mass index; PTH, parathyroid hormone.
*P values for heterogeneity between subgroups in meta-regression analysis.



response meta-analysis, a 25-nmol/L increase in serum vitamin D concentration was 
associated with a 20% lower risk of MetS in cross-sectional studies and a 15% lower risk 
of MetS in cohort studies. A 25-nmol/L increment in serum vitamin D concentration was 
associated with a 19% lower risk of MetS when all the studies were combined. Study quality 
contributed to heterogeneity among cross-sectional study whereas study location, study 
quality, adjustment for alcohol intake, physical activity, and BMI contributed to heterogeneity 
among cohort study.

These findings are line with the results of previous meta-analyses. A 25-nmol/L increment in 
serum vitamin D concentration was associated with a 13% lower risk of MetS in 16 cross-
sectional studies [14]. A meta-analysis of eight cross-sectional studies found that the highest 
group of serum vitamin D levels was associated with a 51% lower risk of MetS than the lowest 
group [15]. A meta-analysis of prospective studies reported that individuals in the top third 
of vitamin D level had a 14% lower risk of MetS compared with those in the bottom third of 
vitamin D [45].

Numerous studies have supported inverse relationships between vitamin D status and the 
components of MetS as well as MetS itself. In a clinical trial of overweight and obese women 
aged 20–40 years, 6-week supplementation with 50,000 IU of vitamin D/week reduced the 
waist circumference in the intervention group [46]. A vitamin D intervention of 50,000 IU/
week for four months reduced triglyceride levels in an Iranian population aged 30–50 years 
[47]. In a clinical trial of diabetic patients, fasting plasma glucose levels decreased in the 
intervention group supplemented with 50,000 IU of vitamin D/week for eight weeks [48]. 
A 14-year follow-up study in US women aged 22–44 years revealed that individuals with 
vitamin D insufficiency had a greater risk of hypertension after adjustment for potential 
confounders [49]. Given these results, the protective effects of a higher vitamin D status on 
the components of MetS might ultimately reduce the risk of MetS.

Potential mechanisms have been suggested to explain the inverse association between 
serum vitamin D concentration and the risk of MetS. Hypovitaminosis D has long been 
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Fig. 4. Funnel plot for publication bias in the relationship between serum vitamin D and the risk of metabolic 
syndrome in observational studies. 
OR, odds ratio; RR, relative risk.



suspected to increase the risk of glucose intolerance by influencing insulin sensitivity or β 
cell function. Chiu et al. reported that 25(OH)D concentration was positively correlated with 
insulin sensitivity and hypovitaminosis D was negatively related to β cell function in glucose-
intolerant subjects [50]. Vitamin D is an essential nutrient for insulin secretion. Indeed, 
insulin secretion was found to be impaired in subjects with vitamin D-deficiency [50]. 
Vitamin D not only accelerates the biosynthetic capacity of β cells, but also facilitates the 
insulin synthesis from proinsulin [50].

Vitamin D is closely linked to atherogenic lipid profile. Vitamin D deficiency causes 
adipogenesis and hyperlipidemia through the decrease of sirtuin (SIRT)-1, which stimulate 
lipolysis and inhibits adipogenesis by deacetylation of peroxisome proliferator-activated 
receptor gamma [51]. Moreover, SIRT-1 plays a critical role in lipid metabolism through the 
control of the secretion and action of insulin [52]. Chang et al reported that SIRT-1 activity 
decreased significantly in obese rats fed vitamin D-insufficient diet [53].

Low vitamin D levels may elevate blood pressure by activating the renin-angiotensin system 
via the vitamin D receptor (VDR) [54]. Li et al. reported that renin activity and circulating 
plasma angiotensin II concentrations were significantly elevated in VDR knock-out mice [55]. 
VDR liganded with 1,25-dihydroxyvitamin D, the active form of vitamin D, suppresses renin 
gene expression, and VDR agonists have exhibited protective effects on blood pressure and 
cardiac tissue [55].

Vitamin D deficiency is associated with reduced calcium absorption in intestine, leading to 
low serum calcium concentrations. Low serum calcium levels stimulates PTH secretion to 
ensure adequate serum calcium levels; however, the resulting secondary hyperparathyroidism 
has several deleterious effects [56]. Epidemiological studies have demonstrated that elevated 
PTH levels are associated with higher risk of cardiometabolic factors [57]. A cohort study 
of adults aged 55–85 years in the Netherlands demonstrated that higher PTH levels were 
associated with higher blood pressure levels after adjustment for potential confounders 
[58]. Ahlstrom et al. found that plasma PTH levels were positively correlated with and waist 
circumference in a Swedish population aged 70 years [59]. Taken together, these results 
indicate that the impacts of the serum vitamin D concentration on individual components of 
MetS might influence the risk of MetS.

In addition, vitamin D has been suggested to play important roles in inflammation [60]. For 
instance, 1,25-dihydroxyvitamin D regulates the production of pro-inflammatory cytokines 
including tumor necrosis factor-α, interleukin (IL)-1, IL-6, IL-8, and in immune system 
cells [61,62]. In patients aged 48–81 years with type 2 diabetes, 1,25-dihydroxyvitamin D 
downregulated cytokines in monocytes, whereas this did not occur in the control group [62].

To the best of our knowledge, the present study is the first meta-analysis including 
prospective studies to reveal a dose response inverse relationship between serum vitamin D 
status and the risk of MetS. Previous meta-analysis failed to examine prospective association 
between vitamin D and MetS because they mostly included cross-sectional studies. This 
meta-analysis included studies with good quality and the studies adjusted for potential 
confounders of MetS such as sociodemographic and lifestyle factors.

Our results may be hampered by heterogeneity. This heterogeneity could be attributable 
to differences in study quality and adjustment factor such as alcohol intake across cohort 
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studies. Nevertheless, it is clear that there is a majority agreement among the study results 
and an overall consensus regarding the inverse association between vitamin D and MetS 
when evaluated as combined and as separate outcomes as well.

This study has a few limitations. Small number of cohort studies were included in the 
meta-analysis. The possibility of unmeasured confounding factors might exist in this study. 
However, a small E-value indicates no unmeasured confounding is needed to explain away the 
observed association [63]. The effect size could be overestimated because the estimates were 
pooled from OR and RR. Also, the results should be interpreted cautiously because of the 
evidence of heterogeneity across the studies in this analysis. The possibility for ecological bias 
may exist because meta-analyses use aggregated data rather than analyzing individual data.

In conclusion, this dose-response meta-analysis demonstrated that a 25-nmol/L increment 
in the serum vitamin D concentration was associated with 20% and 15% lower risks of MetS 
in cross-sectional studies and cohort studies, respectively. In the subgroup analysis, study 
quality and adjustment for alcohol intake contributed to heterogeneity. Also, vitamin D 
status was inversely associated with risk of MetS regardless of race- or geographic region. 
A linear association between serum vitamin D and MetS risk suggest that maintaining the 
proper vitamin D level may reduce the public health burden for MetS in general population. 
The importance of vitamin D status should be emphasized for the higher risk groups such 
as chronic alcohol drinker. Further well-designed clinical trials are required to evaluate the 
causal association between vitamin D status and MetS risk and determine the benefit of 
vitamin D supplementation for the prevention of MetS.
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