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Background and aims: The relationship between vitamin D deficiency and metabolic syndrome (MS)
remains controversial with relatively sparse data among youth. Therefore, we attempted to explicate the
association of 25-hydroxyvitamin D [25(OH)D] levels with MS in Chinese adolescents and young adults.
Methods: A cohort of 559 subjects at elevated risk of MS were recruited at 14e28 years of age as a follow-
up to the Beijing Child and Adolescent Metabolic Syndrome Study. Subjects underwent clinical assess-
ment including a 2h-oral glucose tolerance test. The concentrations of 25(OH)D, glucose, insulin and
lipids were determined. MS was defined using the 2009 harmonized definition.
Results: The prevalence of vitamin D deficiency (< 20 ng/ml) was 78.3%. After adjusting for age, gender
and season, 25(OH)D concentrations were negatively correlated with neck circumference, percent body
fat, LDL cholesterol, fasting and 2h-glucose levels (all P < 0.05). 25(OH)D levels were significantly lower
in participants with obesity, high triglycerides, type 2 diabetes, or MS, compared to their respective
counterparts (all P < 0.05). After adjusting for potential confounders (e.g., body mass index), participants
in the lowest 25(OH)D tertile were 2.5 times more likely to exhibit MS than were those in the highest
tertile (Odds Ratio: 2.48; 95% CI: 1.13e5.45, P < 0.05).
Conclusions: Vitamin D deficiency was very common in this young Chinese population at risk for MS.
Given this association between low vitamin D levels and MS, the role of vitamin D supplementation in
Chinese youths needs further examination, particular in those at risk for MS.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Themetabolic syndrome (MS) is characterized by a constellation
of cardiovascular risk factors, including obesity, impaired glucose
regulation, elevated triglycerides, decreased high-density lipopro-
tein cholesterol (HDL-C), and elevated blood pressure [1]. In recent
decades, MS has emerged as a global public health problem, as well
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for Clinical Nutrition and Metabol
as a clinical dilemma [1]. Evidence of an association between
vitamin D deficiency and the MS, and its individual components
(obesity, hyperglycemia, dyslipidemia) has been mounting in
recent years [2e4].

Vitamin D plays a pivotal role in calcium and phosphorus ho-
meostasis. Studies have uncovered various extra-skeletal effects of
vitamin D on cardiac, endothelial, and smooth muscle functions;
suggesting an important role in cardiovascular health [5]. Vitamin
D deficiency, usually defined as serum 25-hydroxyvitamin D
[25(OH)D] concentrations below 20 ng/ml, is highly prevalent
throughout the world [2]. Over 50% of the population of Asia is
vitamin D deficient [6] and nearly 75% of the Middle East is defi-
cient or insufficient [7]. Due to increased sedentary lifestyle, it has
been suggested that vitamin D deficiency is more common in young
populations, even among those with abundant sun exposure [2].
ism. All rights reserved.
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Nonetheless, the relationship between vitamin D deficiency and
obesity, diabetes, and MS remains controversial, as some studies
reveal an association [2e4,8,9], while others do not [10,11]. Given
that few studies have focused on younger populations, and that
their findings remain inconsistent [10,11], we sought to investigate
the relationship between 25(OH)D levels and MS, as well as its
individual components, among Chinese adolescents and young
adults at risk for MS.

2. Subjects and methods

2.1. Subjects and ethics

A cross-sectional sample was obtained from the Beijing Child
and Adolescent Metabolic Syndrome (BCAMS) study cohort. The
BCAMS is as an ongoing prospective study of obesity and related
cardiometabolic abnormalities in a representative sample of Beijing
school-aged childrenwhich has been described in detail elsewhere
[12], and was registered at www.clinicaltrails.gov (NCT03421444).
The baseline survey (n¼ 19,593, 6 to-18 years old, 50 percent male)
was conducted in 2004. Within this cohort, 4,500 participants were
identified to be at elevated risk for cardiovascular disease due to the
presence of one or more of the following: being overweight [body
mass index (BMI) > 85th percentile], blood pressure � 90th

percentile, total cholesterol� 5.2mmol/L, triglycerides� 1.7mmol/
L, or fasting glucose � 5.6 mmol/L based on a capillary blood test.
The present study is part of a 10-year follow-up study beginning in
2012, wherein a total of 559 adolescents and young adults aged
14e28 years were recruited consecutively to undergo medical ex-
amination in Beijing Chaoyang Hospital. The present study was
approved by the Ethics Committee at Beijing Chaoyang Hospital for
approval consistency. Informed consent was obtained from all
participants and/or their parents/guardians.

2.2. Clinical measurements

Subjects’ height, weight, neck circumference, waist circumfer-
ence and body fat percentage were measured by trained recruiters.
Weight (nearest 0.1 kg), height (nearest 0.1 cm) and body fat per-
centage were measured using a TANITA Body Composition
Analyzer (ModelTBF-300A). Neck circumference was measured at
the midway point of the neck betweenmid-cervical spine andmid-
anterior neck to 0.5 cm just below the laryngeal prominence. Waist
circumference was measured exact at midway between the lowest
rib and the peak of the iliac crest. Measurements of systolic and
diastolic blood pressure (SBP and DBP) were performed with a
standard method. BMI was calculated as weight (kg)/height (m)2.
Lifestyle factors (physical activity, sunscreen use, alcohol con-
sumption, and cigarette smoking) were obtained by standardized
questionnaires.

2.3. Biochemical measurements

Venous blood samples were taken in the morning after an
overnight (�10h) fast. Each participant underwent a 2h oral
glucose tolerance test using 75 g glucose load, and blood samples
were collected at 0h, 0.5h, and 2h for measurements of glucose and
insulin levels. The concentrations of glucose, triglycerides, total
cholesterol, low-density lipoprotein cholesterol (LDL-C), and high-
density lipoprotein cholesterol (HDL-C), were assayed using the
Hitachi 7060 C automatic biochemistry analysis system. HbA1c was
measured using the TOSOHG7 automatic analysis systemwith high
pressure liquid chromatography. Serum 25(OH)D levels were
measured by electro-chemiluminescence immunoassay. The intra-
assay and inter-assay coefficient of variations (CVs) were < 7.5% and
< 6.8%, respectively. Insulin levels were measured by an in-house
monoclonal antibody based ELISA [12], which was developed in
the Key Laboratory of Endocrinology, Peking Union Medical College
Hospital. The assay had no cross-reactivity to proinsulin, and the
inter-assay CV was <9.0%. All the measurements of biochemicals
except for insulinwere performed in the biochemistry laboratory of
Beijing Chaoyang Hospital.

2.4. Definitions and diagnostic criteria

The diagnosis of prediabetes, including impaired fasting glucose
(IFG) and/or impaired glucose tolerance (IGT), and T2DM were
based on current guidelines of the American Diabetes Association
[13]. IFG: fasting blood glucose (FBG) level ¼ 5.6e6.9 mmol/L; IGT:
2h-blood glucose (2h-BG) level ¼ 7.8e11.0 mmol/L; T2DM:
FBG � 7.0 mmol/L or 2h-BG � 11.1 mmol/L.

Insulin resistance was assessed by following indexes: 1) the
homeostasis model assessment of insulin resistance (HOMA-
IR) ¼ fasting insulin (FINS) (mU/L) � FBG (mmol/L)/22.5; 2) the
Matsuda insulin sensitive index (ISIM) ¼ 10,000/
(FBG � FINS) � (mean serum glucose � mean serum insulin) [14].
Beta-cell function was estimated by the insulinogenic index
(IGI ¼ ▵Ins30/▵Gluc30), and the oral disposition index (DIO). The
DIO was the product of insulin sensitivity (ISIM) and insulin
secretion (IGI), touted to be a better measure of beta-cell function
[15].

Vitamin D deficiency is defined as having a 25(OH)D level of
< 20 ng/ml [2], and severe deficiency as 25(OH)D < 11 ng/ml [16].

MS was diagnosed according to the harmonized criteria when at
least three out of the following five criteria were met [12,17]:1)
central obesity: waist circumference for boys � 90 cm or for
girls� 80 cm; 2) SBP� 130mmHg and/or DBP� 85mmHg; 3) HDL-
C < 1.03 mmol/L for males or < 1.29 mmol/L for females; 4)
triglycerides � 1.70 mmol/L; 5) FBG � 5.6 mmol/L and/or 2h-
BG � 7.8 mmol/L.

2.5. Statistical analyses

All analysis was performed using SPSS (version 21.0). Data
exhibiting skewed distributions were logarithmically transformed
prior to analysis. Data were presented as mean ± standard devia-
tion (SD) for continuous variables, or median and inter-quartile
range (IQR) for skew distributions, and counts (percentages) for
categorical variables. Comparisons of demographic characteristics,
clinical features and laboratory results between subjects with MS
and without MS were performed using the Student's t-test or
general linear model with adjustment of age and gender. Associa-
tions between 25(OH)D and continuous metabolic parameters
were evaluated by Partial Correlation Analysis. General Linear
Model was applied to explore the correlation between 25(OH)D
and various metabolic abnormalities after adjusting for con-
founders, and expressed as mean ± SEM. Multiple logistic regres-
sion models were used for MS in relation to the tertile of 25(OH)D,
and odds ratios (ORs) and 95% CIs were calculated after adjusting
for potential confounders. In the first step, we built model 1 to
adjust for age, gender and season; in subsequently, model 2,
smoking status, alcohol consumption, physical activity were addi-
tionally adjusted; in model 3, BMI was further adjusted. A P
value < 0.05 (two-sided) was regarded as statistically significant.

3. Results

Laboratory and demographic characteristics of the study par-
ticipants were presented in Table 1. A total of 559 adolescents and
young adults (52.6% male), ranging in age from 14 to 28 years
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Table 1
General characteristics of study population.

Variables No MS MS P-Value

N, (Male %) 498 (49.2%) 61 (80.3%) < 0.001
Age (years) 20.1 ± 2.9 20.6 ± 2.8 0.235
Smoking (%) 18.5 27.9 0.080
Alcohol consumption (%) 47.8 55.7 0.241
Physical activity (hours/week) 3.1 ± 3.8 2.8 ± 3.4 0.567
Sunscreen use (%) 21.1 16.4 0.412
Adjusted for age and gender
Obese-related traits
BMI (kg/m2) 25.0 ± 0.23 32.0 ± 0.67 < 0.001
waist circumference (cm) 83.4 ± 0.56 99.9 ± 1.63 < 0.001
Neck circumference (cm) 29.1 ± 0.4 40.1 ± 1.1 < 0.001
Percent body fat (%) 29.3 ± 0.42 39.8 ± 1.23 < 0.001
Blood pressures (mmHg)
Systolic 113 ± 0.5 131 ± 1.5 < 0.001
Diastolic 72 ± 0.4 88 ± 1.2 < 0.001
Lipids (mmol/L)
Total cholesterol 4.28 ± 0.04 4.91 ± 0.12 < 0.001
Triglycerides 0.85 (0.65e1.15) 1.98 (1.72e2.60) < 0.001
LDL-C 2.46 ± 0.03 3.11 ± 0.10 < 0.001
HDL-C 1.46 ± 0.01 1.19 ± 0.04 < 0.001
Glucose and insulin related traits
Glucose 0h (mmol/L) 4.86 ± 0.03 5.37 ± 0.09 < 0.001
Glucose 0.5h (mmol/L) 7.82 ± 0.07 8.96 ± 0.19 < 0.001
Glucose 2h (mmol/L) 5.85 ± 0.08 7.79 ± 0.23 < 0.001
HbA1c (%) 5.34 ± 0.02 5.73 ± 0.06 < 0.001
Insulin 0h (mU/L) 6.25 (3.77e10.40) 15.10 (11.32e22.16) < 0.001
Insulin 0.5h (mU/L) 65.61 (45.65e96.60) 86.26 (63.19e143.66) < 0.001
Insulin 2h (mU/L) 35.61 (22.02e53.77) 71.62 (42.38e101.37) < 0.001
HOMA-IR 1.34 (0.81e2.29) 3.40 (2.44e5.40) < 0.001
HOMA-B 96.70 (60.82e158.97) 187.87 (132.54e278.75) <0.001
ISIM 6.48 (4.38e9.78) 3.29 (2.07e4.01) < 0.001
IGI 1.14 (0.78e1.84) 1.25 (0.80e2.02) 0.281
DIO 7.91 (5.08e12.28) 3.93 (2.42e7.48) < 0.001
25-hydroxyvitamin D (ng/ml) 14.21 (11.08e19.09) 12.49 (10.34e18.28) 0.005
Vitamin D deficiency (%, <20 ng/ml) 77.8% 80.7% 0.539
Severe deficiency (%, <11 ng/ml) 24.7% 28.1% 0.366

Data were expressed as: % for categorical variables, mean ± SEM for normally distributed variables, median (IQR) for Skewed distributions. P values are from general linear
model (GLM) after adjustment for age and gender. Vitamin D was additionally adjusted for visiting season.
Values in bold are significant at P < 0.05.
Abbreviations: MS, metabolic syndrome; BMI, body mass index; LDL-C, low density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, ho-
meostasis model assessment for insulin resistance; HOMA-B, homeostasis model assessment for beta cell function; ISIM, Matsuda insulin sensitivity index; IGI, insulinogenesis
index; DIO, oral disposition index.

J. Fu et al. / Clinical Nutrition 38 (2019) 2161e2167 2163
(mean 20.2 ± 2.9 years) from the BCAMS study were included in
this analysis. Overall, the mean values of 25(OH)D levels was
15.2 ± 6.0 ng/ml, which was evenmore tenuous in our young adults
(> 18 years, 14.9 ± 5.9 ng/ml) than in the paediatric subjects (� 18
years old, 16.1 ± 6.1 ng/ml). The percentage of vitamin D deficiency
(< 20 ng/ml) was 78.3%, which was even higher in female (88.9%)
compared to male (68.7%).

Over 11% of participants met the criteria for MS. In addition to
the parameters of the MS components, participants with MS had
significantly higher BMI, neck circumference, percent body fat, total
cholesterol, LDL-C, HbA1c and HOMA-IR levels, as well as lower
ISIM and DIO relative to participants without MS (all P < 0.01).
Additionally, compared with participants without MS, 25(OH)D
levels were significantly lower (14.60 ng/ml vs. 15.30 ng/ml) in
those with MS. While the prevalence of vitamin D deficiency
(< 20 ng/ml) (80.7% vs. 77.8%) and severe deficiency (< 11 ng/ml)
(28.1% vs. 24.7%) appeared to be higher in participants withMS than
those without MS, these differences were not statistically
significant.

The partial correlations coefficients between 25(OH)D and
metabolic parameters are shown in Table 2. After adjustment for
age, gender and season, 25(OH)D level was significantly negatively
correlated with percent body fat (P ¼ 0.043), neck circumference
(P ¼ 0.001), LDL-C (P ¼ 0.039), FBG (P ¼ 0.033), and OGTT 2h-BG
(P ¼ 0.003). Meanwhile, 25(OH)D level was marginally negatively
correlated with HbA1c (P ¼ 0.054). However, there was no statis-
tically significant association between vitamin D levels and ISIM,
IGI or DIO. After further adjustment for BMI, vitamin D levels
showed a significant inverse relationship with 0.5h-insulin levels
(P ¼ 0.048) and a marginal association with IGI, while the signifi-
cant associationwith glucose levels persisted. In addition, 25(OH)D
was significantly associated with increased level of physical activity
(r ¼ 0.10, P ¼ 0.028) with adjustment for age, gender, visiting
season and BMI.

Comparisons of 25(OH)D levels in relation to various metabolic
abnormalities after adjusting for age, gender, and visiting season
are shown in Fig. 1. Participants with obesity or high triglycerides
groups showed lower 25(OH)D levels than their counterparts,
respectively (P < 0.05).With respect to glucose status, 25(OH)Dwas
lower in the T2DM group compared with the NGT (P ¼ 0.004) or
IFG/IGT (P ¼ 0.008) groups respectively. Moreover, 25(OH)D levels
were significantly lower in participants with more than 3 MS
components, compared with those with either no MS component
(P ¼ 0.011) or 1e2 components (P ¼ 0.015). Notably, even after
adjusting for BMI (data not shown), the difference among glucose
status and MS groups remained significant (P < 0.05), while the
difference among triglycerides groups was attenuated (P > 0.05).

In the analysis with multiple logistic regression, shown in
Table 3, lower 25(OH)D levels were correlated with higher odds of
having MS. In comparison with participants in the highest tertile of



Table 2
Partial correlations between 25-hydroxyvitamin D and metabolic traits.

Variables Adjusted 1 Adjusted 1 þ BMI

r P r P

Adiposity-related traits
BMI (kg/m2) �0.073 0.092 / /
Waist circumference (cm) �0.059 0.176 0.058 0.186
Neck circumference (cm) �0.140 0.001 �0.131 0.003
Percent body fat �0.088 0.043 �0.058 0.186
Blood pressures (mmHg)
Systolic �0.061 0.160 �0.028 0.516
Diastolic �0.048 0.270 �0.017 0.695
Lipids (mmol/L)
Total cholesterol �0.021 0.638 �0.006 0.882
Triglyceridesa �0.051 0.238 �0.026 0.556
LDL-C �0.090 0.039 �0.069 0.111
HDL-C 0.060 0.166 0.036 0.405
Glucose and insulin-related traits
Glucose-0h (mmol/L) �0.093 0.033 �0.089 0.041
Glucose-0.5h (mmol/L) �0.045 0.309 �0.039 0.381
Glucose-2h (mmol/L) �0.129 0.003 �0.123 0.005
HbA1c (%) �0.084 0.054 �0.078 0.076
Insulin-0h (mU/L)a �0.066 0.134 �0.026 0.554
Insulin-0.5h ((mU/L)a 0.058 0.193 0.088 0.048
Insulin-2h ((mU/L)a �0.040 0.368 �0.015 0.734
HOMA-IRa �0.076 0.083 �0.038 0.389
HOMA-Ba �0.043 0.360 0.003 0.938
ISIMa 0.020 0.623 �0.024 0.596
IGIa 0.058 0.193 0.077 0.084
DIOa 0.071 0.116 0.056 0.217

Notes: Adjusted 1 was analyzed after controlling for gender, age and visiting season;
r: partial correlation coefficients.
Values in bold are significant at P < 0.05.
Abbreviations: BMI, body mass index; LDL-C, low density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assess-
ment for insulin resistance; HOMA-B, homeostasis model assessment for beta cell
function; ISIM, Matsuda insulin sensitivity index; IGI, insulinogenesis index; DIO,
oral disposition index.

a Skewed distributions including 25-hydroxyvitamin D were logarithmically
transformed.
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25(OH)D levels (> 17.1 ng/ml), participants in the lowest tertile of
25(OH)D levels (< 11.9 ng/ml) were 2.8 times more likely to have
MS (OR: 2.76; 95% CI: 1.39e5.50; P¼ 0.005). The association did not
significantly change (OR: 2.48, 95% CI: 1.13e5.45; P ¼ 0.022) after
adjusting for lifestyle factors and BMI.
4. Discussion

In this cross-sectional sample of Chinese youths with high risk
for MS, we found that vitamin D deficiency (< 20 ng/ml) was very
common. Furthermore, we demonstrate that 25(OH)D levels are
significantly lower in participants with obesity, elevated tri-
glycerides, T2DM and MS, compared to their respective counter-
parts. Moreover, participants in the lowest vs. highest tertile of
25(OH)D were nearly 2.5 times more likely to exhibit MS.

Vitamin D deficiency has emerged as a worldwide public health
concern [7]. For example, the prevalence of vitamin D deficiency
was over 53% among the 15,000 children and adolescent partici-
pants from the 2010e2012 Chinese National Nutrition and Health
Survey (CNNHS), 50% for males and 57% for females [18]. In a
2007e2010 National Survey of the US population, the prevalence of
vitamin D deficiency in adolescents aged 12e19 years was 25% [19],
while in the 2008e2011 Korean National Health and Nutrition
Examination Survey, 73.3% of the participants were vitamin D
deficient [20]. While vitamin D deficiency appears to be more
common among Asian youth, with a slight female predominance,
there is less of a disparity than in the Middle East. In a study of
Turkish adolescents, vitamin D deficiency in female students was
nearly twice as common as in males [21]. Similarly, a study of 216
girls aged 14e17 years from Iran showed a 96% prevalence of
vitamin D deficiency [22]. In the present study, the prevalence of
vitamin D deficiency was 78% in the overall population and as high
as 89% in females. The higher prevalence in our study (compared
with CNNHS 2010e2012) is likely to be due to the relative risk for
MS and the reduced sunlight exposure of our subjects, whowere all
from Beijing, the northernmost major city in China. The higher
prevalence in females from different countries may be attributed to
reduced sunlight exposure from the use of sunscreen or shrouding
due to religious customs. Therefore, vitamin D supplementation or
increased sunlight exposure should be recommended in young
populations, especially females.

Several studies have demonstrated that obesity is associated
with vitamin D deficiency [2,8], while the CNNHS failed to
demonstrate a significant difference between 25(OH)D levels in
different BMI strata [18]. Consistent with several previous studies
[2,8,23], our data established a negative correlation between
vitamin D levels and several measures of adiposity, including neck
circumference and percent body fat, establishing a relationship
between low vitamin D status and obesity, even after adjustment
for age and gender. Several pathogenic mechanisms have been
implicated in the association between vitamin D deficiency and
obesity. Experimental evidence suggests that vitamin D deficiency
may augment adipogenesis by contributing to excess differentia-
tion of preadipocytes to adipocytes [24], whereas a number of
clinical investigations have suggested that obesity may in turn
result in low vitamin D status [8,25]. The negative correlation be-
tween body fat and 25(OH)D has also been attributed to decreased
bioavailability of vitamin D3 from cutaneous and dietary sources
due to vitamin D deposition in expanded body fat compartments
[26]. Furthermore, decreased outdoor activity in obese subjects,
resulting in reduced sunlight exposure and decreased cutaneous
vitamin D synthesis has been considered another factor [27].

The association between vitamin D and glucose homeostasis
remains somewhat controversial [28]. A recent study in youth with
diabetes showed that while vitamin D deficiency is rather com-
mon, it is no more so than in youth without diabetes [29]. This has
led to speculation that vitamin D's association with obesity is
primary, and may confound the perceived relationship between
decreased vitamin D levels and related metabolic conditions.
However, in our study, we found vitamin D concentrations were
significantly lower among those with T2DM, and negatively
correlated with both fasting and 2-h OGTT glucose levels, irre-
spective of adiposity. Our findings are consistent with several
previous studies in young populations. A study in 1,745 French-
Canadian children and adolescents showed a modest but signifi-
cant negative association between fasting glucose and vitamin D
levels after adjusting for BMI [30]. Similarly, a study of 216 Iran
adolescent girls showed that after adjusting for BMI, exercise and
energy intake, vitamin D levels were inversely correlated to fasting
glucose [22]. The precise mechanism(s) linking vitamin D defi-
ciency with hyperglycemia are not completely understood. Studies
have shown that vitamin D possesses anti-inflammatory proper-
ties [31,32], which may benefit islet-cell function and insulin
sensitivity [33]. Moreover, several clinical studies have reported
that supplementation with vitamin D can augment insulin release,
improve insulin sensitivity, and reduce inflammation in patients
with T2DM [34e36]. While other studies have failed to demon-
strate the ability of vitamin D supplementation to improve b cell
function, insulin sensitivity or glucose homeostasis [37,38]. These
inconsistent results may be largely explained by the fact that these
studies may not have been large enough, of long enough duration
or conducted in appropriate subject populations to adequately
elucidate the impact of vitamin D supplementation on b cell



Fig. 1. Comparison of vitamin D levels in relation to various metabolic abnormalities. 25-hydroxyvitamin D levels were logarithmically (lg-) transformed. Data were analyzed using
a multiple regression model after adjusting for gender, age and visiting season, and expressed as mean ± SEM. Abbreviations: MS, metabolic syndrome; HDL-C, high-density li-
poprotein cholesterol; TG, triglycerides; IFG: impaired fasting glucose; IGT: impaired glucose tolerance; T2DM: type 2 diabetes mellitus; NS: nonsignificant.
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function and insulin sensitivity. We observed no significant cor-
relation between vitamin D levels and various indices of insulin
sensitivity other than a marginal association with HOMA-IR.
However, the relatively strong relationship between vitamin D
and fasting and 2 h OGTT glucose (which remains even after
adjustment for BMI), suggests that it is dysglycemia rather than
insulin resistance which is associated with low vitamin D levels.
Larger, prospectively designed studies in adolescents and young
adults will be needed to confirm these findings.
The present study demonstrated negative correlations between
vitamin D levels and LDL-C and triglycerides, which were attenu-
ated after adjustment for BMI. Previous studies have described this
inverse relationship between vitamin D and hyperlipidemia, even
after adjusting for potential confounders, such as BMI [39,40]. A
systematic review of the pediatric literature found that 15 such
studies have evaluated the relationship between vitamin D status
and dyslipidemia [2]. No less than 10 of these studies concluded
that low vitamin D levels might be associated with dyslipidemia;



Table 3
Odds ratio (95% confidence interval) for metabolic syndrome according to 25-hydroxyvitamin D levels.

25-hydroxyvitamin D P for trend

T1: <11.9 ng/ml (n ¼ 186) T2: 11.9 to <17.1 ng/ml (n ¼ 187) T3: �17.1 ng/ml (n ¼ 186)

Model 1 2.76 (1.39e5.50) 1.53 (0.75e3.12) 1a 0.004
Model 2 2.66 (1.33e5.31) 1.52 (0.74e3.10) 1a 0.005
Model 3 2.48 (1.13e5.45) 1.01 (0.44e2.29) 1a 0.022

Notes: Tertile values of 25-hydroxyvitamin D are expressed as T1, T2, and T3. Model 1 was adjusted for age, gender and season.
Values in bold are significant at P < 0.05.
Model 2 was adjusted as for model 1 plus smoking status, alcohol intake, and physical activities.
Model 3 was adjusted as for model 2 plus BMI.

a Referent category.
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including high levels of triglycerides and LDL-C, as well as lowHDL-
C. In addition, an interventional study exploring the impact of
vitamin D supplementation on serum lipids found that triglyceride
levels decreased significantly after weekly supplementation with
300,000 IU of vitamin D for 12 weeks [41]. However, numerous
other studies, consistent with our findings, have failed to demon-
strate an association between vitamin D and dyslipidemia after
adjustment for BMI [4,42,43]. Additional studies will be necessary
to elucidate a specific mechanism.

Limited studies, with inconsistent results, have explored the
relationship between vitamin D status and individual components
of the MS [10,11,23,44,45] as we have done here. A recent study
including 2,880 Korean children and adolescents aged 10e18 years
found that the prevalence of MSwas significantly higher in subjects
with vitamin D deficiency than in thosewith vitamin D levels above
21 ng/ml [44]. Reiset al. also found that the incidence of MS among
US adolescents decreased as serum 25(OH)D increased and that
participants without MS had higher levels of vitamin D than those
exhibiting MS [45]. Similarly, compared with subjects with MS,
vitamin D levels were significantly higher in subjects without MS in
our study. Meanwhile, in accordance with prior studies [44,45], our
data demonstrated that participants in the lowest vs. highest tertile
of 25(OH)D levels (i.e. < 12 ng/ml vs. > 17 ng/ml) were 2.8 times
more likely to exhibit MS. The association did not change even after
adjusting for potential confounders such as physical activity,
gender and BMI. In contrast, studies in Asian adults fail to reveal an
association between vitamin D status andMS [10,11]. Kim et al. [10]
reported the overall risk of MSwas not related to vitamin D levels in
South Korean adults. Similarly, a study of 441 Asian Indians with a
mean age of 39.7 years found that vitamin D deficiency was not
associated with MS in either sex [11]. These inconsistent findings
may result from differences in age, gender, race, diet, and skin
pigmentation in the various study populations. The relationship
between vitamin D levels and MS, and its underling mechanism(s),
await further elucidation from well-designed, large-scale prospec-
tive studies.

To our knowledge, this is the first study to explicate the rela-
tionship between vitamin D levels and MS in a well-characterized
young Chinese cohort. The inclusion of data regarding seasonal
and lifestyle factors as potential confounders, as well as the large
sample size lend considerable credence to our results. However,
this study has several limitations. These results may not be readily
generalized to other races or age groups, since our sample repre-
sented northern Chinese adolescents and young adults with an
increased high risk of MS. Further large, prospective studies in
youths of different races will be needed to clarify the relationship
between vitamin D status and cardiometabolic risk. In addition,
although most young people in China do not receive supplemen-
tationwith vitamin D, we did not obtain data on subjects’ vitamin D
intake from diet or supplements.

In summary, our study demonstrated a very high prevalence of
vitamin D deficiency among youth at increased risk for MS, as well
as an inverse relationship between vitamin D levels and various
components of the MS. Our finding suggested that effective sun
exposure and vitamin D supplementation should be encouraged in
young people, particular those with increased cardiometabolic risk.
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