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Abstract: This case-control study was aimed to evaluate serum 25-hydroxyvitamin D [25(0OH)D] levels in young Chi-
nese obese men with normal glucose tolerance (NGT) and its relationship with insulin resistance (IR). A total of 157
normal-NGT men aged 25 to 40 years were enrolled, including 57 obese men (BMI>28.00 kg/m?), 58 overweight
men (24.00 kg/m?<BMI<28.00 kg/m?), and 42 healthy normal-weight controls (18.50 kg/m?<BMI<24.00 kg/m?).
Fasting blood glucose, insulin and serum 25(0H)D were measured. Homeostatic model assessment of insulin re-
sistance (HOMA-IR) was calculated. The largest hip circumference, highest fasting insulin oral glucose tolerance
and HOMA-IR were found in obese men (P<0.003), and their HOMA-IR was significantly higher than that in normal-
weight controls (P<0.001). Normal-weight men had highest 25(0H)D, levels while obese men had significantly lower
25(0H)D by comparison (both P<0.001). Among all subjects, 5.1% (8/157) had sufficient 25(0H)D levels, 8.9%
(14/157) had insufficient levels, 78.4% (123/157) had mild vitamin D deficiency and 7.6% (12/157) had severe
vitamin D deficiency. In obese patients, waist circumference (WC) correlated positively with changes in HOMA-IR lev-
els, while 25(0H)D, levels correlated negatively with HOMA-IR levels. In multivariable models, higher WC and lower
25(0H)D, in obese patients were associated with increased HOMA-IR. Vitamin D deficiency is common among young
Chinese obese men with NGT, and serum 25(0H)D and IR are independently associated.
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Introduction tion [1, 4, 5]. Together, deficiencies in vitamin D
and calcium have been shown to negatively
influence glycemia and studies consistently
show associations with type 2 diabetes melli-
tus, insulin resistance (IR), and metabolic syn-
drome [2, 4, 6]. In fact, the noted National He-
alth and Nutrition Examination Survey (NHANES)
study (2001-2006) revealed that abdominal
obesity and insufficient serum 25(0H)D con-
centration jointly influence IR risk in diabetic

Vitamin D deficiency is present in epidemic pro-
portions globally, with an estimated prevalence
as high as 64% in the general population,
including only minor differences associated
with age and gender [1]. The deficiency can
result from inadequate exposure to sunlight,
low consumption of food containing ergocalcif-
erol, malabsorption of calcium, and accelerat-

ed catabolism derived from taking certain med-
ications [2, 3]. Besides acting as a regulatory
hormone in calcium metabolism, vitamin D is
essential for noncalciotropic effects such as
cellular differentiation and replication in many
organs. As such, deficiency of vitamin D is sig-
nificantly associated with the development of
diabetes mellitus, hypertension, hyperlipidemia
and peripheral vascular disease [1, 2]. The
effects of vitamin D deficiency on adiposity,
metabolic syndrome, coronary heart disease,
and renal disease have also been gaining atten-

subjects [7].

Previous studies have reported that 25-hydro-
xyvitamin D, or 25(0OH)D, the commonly accept-
ed indicator of vitamin D status, is inversely
associated with adiposity and IR [8-12].
However, results of other studies failed to con-
firm this [13-17]. For example, a study among
elderly subjects in the Netherlands found no
significant association between 25(0H)D and
the incidence of diabetes or with results of
2-hour oral glucose tolerance tests [13]. These
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discrepancies in study results may be ascribed
to different study populations with varying eth-
nicity, sex, and age, or other variables. A recent
study, for example, reported that inverse asso-
ciations between 25(0H)D and IR markers were
demonstrated in males but not females [18].

Metabolic syndrome, including the component
of abdominal adiposity, has become a wide-
spread health problem in Asian countries, with
prevalence increasing markedly during the past
twenty years in response to rapid transitions in
nutrition and lifestyle [19]. In China, one study
reported that lower circulating 25(0H)D levels
were inversely associated with higher fasting
insulin and homeostasis model assessments
of insulin resistance (HOMA-IR) in a middle-
aged to elderly Chinese population, and also
associated with increased risk of metabolic
syndrome [12]. Another recent study found that
vitamin D levels in a large cohort of healthy
non-diabetic Chinese females were significant-
ly and independently associated with IR and
B-cell function [17]. Meanwhile, although stud-
ies in China and major studies in other popula-
tions, including a young adult population [18],
confirm an association between vitamin D and
IR, no such association has been demonstrat-
ed in younger Chinese adults with normal glu-
cose tolerance (NGT), and it is also not known
whether data from western studies can be
extrapolated to Chinese populations. With
known increasing trends in obesity and vitamin
D deficiency in China, we hypothesized that the
relationship between vitamin D and IR could
possibly be demonstrated in younger Chinese
men of different body weight status and with
NGT. The significance and novelty of this study
is to make contribution to relate important
aspects of young Chinese obese men to the
current literatures. The purpose of this study
was to investigate serum 25(0H)D concentra-
tion and its association with IR in young Chinese
obese men with NGT. Results of this study may
increase awareness of a need to improve vita-
min D nutritional status in the Chinese popula-
tion, particularly for young Chinese obese men.

Subjects and methods
Study design

This prospective, case-control study enrolled
157 consecutive obese, overweight and nor-
mal-weight men who had received routine he-
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alth examinations at the First Hospital of Qin-
huangdao between December 2011 and Feb-
ruary 2012 and who met the inclusion criteria
(below). The study protocol was approved by
the ethics committee of the Hebei Medical
University. All subjects provided signed infor-
med consent prior to study initiation.

Study subjects

Weight was classified according to the 2003
diagnostic criteria for Chinese obesity (Guide
for Control and Prevention of Overweight and
Obesity in Chinese Adults 2003) as follows:
normal weight (18.50 kg/m2<BMI<24.00 kg/
m?), overweight (24.00 kg/m?2< BMI<28.00 kg/
m?), and obese (BMI>28.0 kg/m?2). Subjects
included 57o0bese men (mean age 33.54+4.62
years, BMI 30.51+2.60 kg/m?2), 58 overweig-
ht men (mean age 33.41+4.56 years, BMI
25.98+1.20 kg/m?2), and a control group of 42
healthy normal-weight men (mean age 33.02
+3.97 years, BMI (22.41+1.46 kg/m?). Blood
samples were drawn from all subjects from
December 2011 to February 2012. All subjects
were of Han ethnicity, and each underwent an
oral glucose tolerance test (OGTT) initiated at
8:00 am with administration of 75 g of oral
anhydrous glucose. Peripheral venous blood
samples were taken at O and 120 min after glu-
cose loading. Inclusion criteria were: (i) sub-
jects were clinically stable with no previous
medical history of diabetes, hypertension, dys-
lipidemia, coronary artery diseases, or cerebral
stroke; (ii) subjects were obese with no clinical
evidence of endocrinopathy; (iii) subjects had
fasting plasma glucose (FPG) levels <5.6
mmol/I and 2-h plasma glucose (2-h PG) levels
<7.8 mmol/L after a 75 g OGTT, based on the
2008 diagnostic criteria of the American Dia-
betes Association; and (iv) subjects were not
taking medications known to affect glucose
metabolism, including glucocorticoids, thyroid
hormones, or thiazide diuretics. Exclusion crite-
ria were: (i) subjects with hepatic or renal dys-
function, (ii) subjects taking vitamin and/or
mineral supplements, and (iii) subjects with
acute and chronic inflammation,

Measurements

A detailed history was taken for all enrolled sub-
jects, including lifestyle behaviors (e.g., smok-
ing, alcohol intake), and a physical examinati-
on was performed, including body mass (kg),
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Table 1. Subjects’ baseline demographic, anthropometric and clinical characteristics

Normal (n=42) Overweight (n=58) Obese (n=57) P

Age, year 32.5(31.0,36.0) 34.0(29.0, 37.0) 35.0(31.0, 36.0) 0.736
BMI, kg/m? 22.8(21.8,23.5) 25.9(25.1,27.0)° 29.6(28.9,30.5)"" <0.001
WC, cm 82.7+6.8 91.9+5.5 103.1+7.1"1 <0.001
HC, cm 96 (92, 100) 98 (96, 100.5)" 105 (103, 110)"t <0.001
WHR 0.9+0.1 0.9+0.1 1.0+£0.04"1 0.001
SBP, mmHg 120 (110, 130) 129 (120, 140) 130 (130, 140)"t <0.001
DBP, mmHg 80 (75, 80) 80 (80, 90) 85 (80, 90)"T 0.001
Scr, mmol/L 74.4 (70.0, 79.3) 71.8 (66.1, 76.6) 74.0 (69.7, 78.1) 0.077
Urea, umol/L 5.7 (4.6, 6.6) 5.6 (4.5,6.1) 5.8 (4.8, 6.6) 0.373
UA, umol/L 304.5+67.7 342.5+100.9 335.8496.6 0.106
TG, mmol/L 1.4 (0.8, 2) 1.6(1.2,2.4) 1.8 (1.3, 2.9)" 0.008
TC, mmol/L 4.4+1.3 4.3+1.3 5.2+1.0"f 0.001
HDL-C, mmol/L 1.2 (1.1, 1.6) 1.1(1, 1.3) 1.1 (1, 1.3) 0.086
LDL-C, mmol/L 2.3(2.0,3.1) 3.0(2.1, 3.3) 3.0(2.3,3.9)" 0.019
FPG, mmol/L 4.5 (4.2,5.3) 4.8 (4.5,5.4) 4.6 (4.3,5.2) 0.280
Plasma glucose 2-h OGTT, mmol/L 5.1+1.2 5.8+1.4" 5.8+1.1" 0.009
HbA,c, % 5.3(4.8,5.8) 5.5 (5.0, 5.9) 5.6 (5.2,5.9) 0.081
Fasting insulin OGTT, ulU/mL 3.3(2.14,6.2) 6.6 (3.3, 10.8)" 11.6 (8.3, 15.2)"f <0.001
HOMA-IR 0.6 (0.4, 1.4) 1.3(0.7, 2.4)" 2.2(1.7,2.9)"t <0.001
Calcium, mmol/L 2.3(2.2,2.3) 2.3(2.3,2.3) 2.3(2.2,2.4) 0.813
Phosphorus, mmol/L 1.2(1.2,1.3) 1.2 (1.1, 1.3) 1.2 (1.1, 1.3) 0.368
PTH, pg/mi 36.7+7.5 37.849.3 39.6+11.8 0.335
25(0H)D,, nmol/L 45 (35.1, 55) 37.2(31.7,40.9)" 32.1(26.7,37.1)"T <0.001

<25 0 (0) 2 (3.4) 10 (17.5) <0.001

25-49 28 (66.7) 49 (84.5) 46 (80.7)

50-74 7(16.7) 6 (10.4) 1(1.8)

>74 7 (16.7) 1(1.7) 0 (0)
Smoking 16 (38.1) 27 (46.6) 28 (49.1) 0.535
Drinking 19 (45.2) 31 (53.4) 33 (57.9) 0.457

Data on continuous variables with normal distributions are presented as mean * standard deviation and tested by analysis

of variance; other interval variables with skewed data distributions are expressed as medians (interquartile range) and tested
by Kruskall-Wallis test. Abbreviations: BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist hip
ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; Scr, serum creatinine; UA, uric acid; TG, triglyceride; TC, total
cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; FPG, fasting plasma glucose;
OGTT, oral glucose tolerance test; HOMA-IR, homeostasis model assessment insulin resistance; PTH, parathyroid hormone;
25(OH)D3, 25-Hydroxyvitamin D. “Indicates significantly different from normal group, P<0.017. fIndicates significantly different

from normal group, P<0.017.

height (cm), and body mass index (BMI) calcu-
lated as kilograms per square meter (kgem),
waist circumference (WC), hip circumference
(HC), waist/hip ratio (WHR, WC/HC) and blood
pressure (BP). Weight in light clothing was mea-
sured, height was measured to the nearest
0.05 cm, WC and HC evaluated to the nearest
0.01 cm. Diastolic blood pressure (DBP) and
systolic blood pressure (SBP) measurements
were recorded twice on the right arm using a
standard mercury sphygmomanometer after
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15 min rest while subjects were seated, and
the average of the two measurements was
used for analysis. All aforementioned physical
examinations were done while patients admit-
ted to hospital.

Plasma glucose levels were measured using
the glucose oxidase method. Total cholesterol
(TC), high-density lipoprotein cholesterol (HDL),
low-density lipoprotein cholesterol (LDL), and
triglycerides (TG) were measured, as well as
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Table 2. Univariate analysis of HOMA-IR in three groups by BMI

25(0OH)D levels in young Chinese obese/NGT men

Normal (n=42) Overweight (n=58) Obese (n=57)
Y, (P) Y, (P) Y, (P)

Age, years 0.033 (0.837) 0.019 (0.887) 0.031 (0.817)
BMI, kg/m? 0.184 (0.244) 0.082 (0.542) 0.217 (0.105)
WC, cm 0.177 (0.262) 0.143 (0.284) 0.299 (0.024)
HC, cm 0.285 (0.067) 0.159 (0.233) 0.238 (0.075)
WHR -0.046 (0.771) 0.042 (0.753) 0.199 (0.139)
SB, mmHg 0.081 (0.610) 0.078 (0.559) -0.204 (0.128)
DBP, mmHg 0.222 (0.157) 0.096 (0.473) -0.141 (0.296)
SCr, mmol/L 0.045 (0.778) 0.012 (0.927) 0.138 (0.305)
Urea, umol/L -0.043 (0.786) -0.025 (0.855) 0.004 (0.977)
UA, umol/L -0.069 (0.666) 0.113 (0.398) -0.005 (0.970)
TG, mmol/L -0.041 (0.795) 0.142 (0.287) 0.226 (0.091)
TC, mmol/L -0.311 (0.045) -0.081 (0.544) 0.205 (0.127)
HDL-C, mmol/L 0.049 (0.759) -0.101 (0.451) -0.006 (0.966)
LDL-C, mmol/L -0.112 (0.479) -0.128 (0.339) 0.149 (0.270)
Plasma glucose 2-h OGTT, mmol/L 0.029 (0.855) -0.033 (0.805) 0.020 (0.880)
HbA,c, % -0.056 (0.725) 0.193 (0.146) -0.022 (0.873)
Calcium, mmol/L 0.046 (0.773) 0.058 (0.663) 0.033 (0.807)
Phosphorus, mmol/L 0.108 (0.497) 0.064 (0.633) 0.004 (0.976)
PTH, pg/ml 0.107 (0.498) 0.154 (0.249) -0.004 (0.975)
25(0H)D,, nmol/L -0.020 (0.901) -0.078 (0.561) -0.328 (0.013)

Abbreviations: BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist hip ratio; SBP, systolic blood
pressure; DBP, diastolic blood pressure; SCr, serum creatinine; UA, uric acid; TG, triglyceride; TC, total cholesterol; HDL-C, high
density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; FPG, fasting plasma glucose; OGTT, oral glucose toler-
ance test; PTH, parathyroid hormone; 25(0H)D,, 25-Hydroxyvitamin D. Bold values indicate statistical significance, P<0.005.

hepatic and renal function, using enzymatic
assays with a Hitachi autoanalyzer (Hitachi,
Tokyo, Japan). Serum 25(0H)D levels were esti-
mated by radioimmunoassay procedure. The
intra- and inter-assay coefficients of variation
were 5.3% and 4.6%, respectively (IDS Cor-
poration, Hampshire, UK). Plasma concentra-
tions of insulin were measured by radioimmu-
nological assay using a commercially available
kit (North Institute of Biological Technology,
Beijing, China). Insulin resistance was estimat-
ed from fasting plasma measurements using
HOMA-IR (insulin (mU/L) % glucose (mmol/L)/
22.5), as described previously [20]. Vitamin D
status was classified as severely deficient,
mildly deficient, insufficient, or sufficient [serum
25(0H)D: <25 nmol/L, 25~49 nmol/L, 50~74
nmol/L and =75 nmol/L, respectively], as
described previously [21, 22].

Statistical analysis
Continuous variables with normal distributions

(i.e., WC, WHR, uric acid (UA), TC, 2 h-PG-OGTT,
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and parathyroid hormone (PTH)) are reported
as mean * standard deviation, and other con-
tinuous variables are expressed as median
(interquartile range, P,.-P.). Categorical da-
ta are shown as frequency (%). Differences in
interval variables with normal distributions,
non-normal distributions and categorical para-
meters were analyzed by analysis of variance
(ANOVA), Kruskal-Wallis, and chi-square test,
respectively. When significant differences were
revealed among any of the aforementioned sta-
tistical methods, post-hoc tests were then
implemented with Bonferroni correction for
normally distributed variables, Mann-Whitney U
test for non-normally distributed interval
parameters, and chi-square test for categorical
variables, respectively.

Spearman’s rank correlation was used to iden-
tify effectors of HOMA-IR in univariable analy-
sis. Square root transformation was applied to
HOMA-IR before performing linear regression
analysis. Significant variables with P<0.05 were
then placed in multiple linear regression mod-
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Table 3. Multiple regression analysis for effectors of
homeostasis model assessment insulin resistance (HOMA-

Effectors of HOMA-IR

IR)! in obese patients

In univariate analysis, no statistically

Obese (n=57)

significant results were found in the

B (95% confidence interval)

overweight group, but HOMA-IR levels

Waist circumference, cm

0.018 (0.006, 0.030)
25-Hydroxyvitamin D, nmol/L  -0.016 (-0.026, -0.005)

1Square root transformation was applied to data on HOMA-IR before
proceeding linear regression with backward selection. R? was 0.323 for

P were influenced significantly by one
0.004 factor in the normal group and by two
0.004 factors in the obese group. In patients

with normal BMI, HOMA-IR levels
increased as TC levels were reduced.

model of obese group respectively. Bold values indicate statistical signifi-

cance, P<0.005.

els and backward selection was applied. P<
0.05 was considered statistically significant.
Significance level was adjusted to 0.017 (0.05/
3) or 0.008 (0.05/6) as appropriate. All analy-
ses were two-sided and performed using SPSS
22 statistical software (IBM Corp., Armonk, NY,
USA).

Results
Baseline characteristics of 157 subjects

A total of 157 males between 25 and 40 years
were enrolled in this study and classified into
three groups based on BMI, including an over-
weight group of 58 men, an obese group of 57
men, and a control group of 42 normal-weight
men. Subjects’ baseline characteristics are
summarized in Table 1. The three groups of
patients shared similarities in age, serum cre-
atinine, urea, UA, HDL-C, fasting plasma glu-
cose (FPQ), HbAlo, calcium, phosphorus, PTH,
and proportions of patients who reported
smoking and drinking.

The largest HC, fasting insulin OGTT, and HOMA-
IR, were found in the obese group (P<0.003).
The highest 25(0H)D, level was found in the
normal group, followed by overweight group
and obese group (all P<0.001). The WC, WHR,
SBP, DBP, and TC in the normal and overweight
groups were similar and all of these values in
the obese group were higher than in both of the
other groups (both P<0.009). The overweight
group and obese group had similar high levels
of 2-h G-OGTT in contrast to those of the nor-
mal group, which had low levels of this param-
eter (both P<0.004). Obese patients also had
higher levels of TG and LDL-C than those with
normal BMI (P=0.003 and P=0.006, respec-
tively).
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In obese patients, WC correlated pos-

itively with changes in HOMA-IR lev-

els, while 25(0H)D, levels correlated
negatively with HOMA-IR levels (Table 2).
According to results reported in Table 2, only
one factor was relative to the HOMA-IR in sub-
jects with normal BMI, and no related factor
was found in the overweight group, therefore,
multivariable analysis was merely done for the
obese group. As the results of univariate linear
regression analyses should be similar to those
of correlation analyses, only the factors with
P<0.05 explored by the correlation analyses
were further used in multivariable analysis.
Results were similar in the multivariable mod-
els: higher WC (f=0.018, 95% CI: 0.006 to
0.030, P=0.004) and lower 25(0H)D, in obese
patients (B=-0.016, 95% CI: -0.026 to -0.005,
P=0.004) were associated with increases in
HOMA-IR (Table 3).

Factors related to vitamin D status

Figure 1 shows the 25(0H)D, levels, anthropo-
metric data and HOMA-IR for the three groups.
Four levels of vitamin D status were defined
based on 25(0H)D levels: severe deficiency
(<25 nmol/L), mild deficiency (25-49 nmol/L),
insufficient (50-74 nmol/L), and sufficient (=75
nmol/L). In the whole study population, only
5.1% of subjects (8/157) had sufficient 25(0OH)
D levels, 8.9% (14/157) had vitamin D insuffi-
ciency, 78.4% (123/157) had mild deficiency in
vitamin D, and 7.6% (12/157) had severe defi-
ciency in vitamin D. Notably, as compared with
subjects with sufficient vitamin D, those with
vitamin D deficiency were more likely to be
overweight or obese (all P<0.007, Table 1).
Moreover, larger WC, HC, WHR, and higher
HOMA-IR levels were found in subjects with
vitamin D deficiency as compared with those
with insufficient or sufficient vitamin D (all
P<0.007).
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Figure 1. Difference in waist circumference (A), hip circumference (B), waist-to-hip ratio (C), and homeostasis model
assessment insulin resistance (HOMA-IR, D) among four levels of vitamin D deficiency. Mean and standard devia-
tion are expressed for waist and waist-to-hip ratio and tested by analysis of variance. Box plots (middle line in the
box, top and bottom of the box indicate median, P,; and P, respectively) are illustrated for hip circumference and
HOIA-IR and Kruskal-Wallis test followed by Mann-Whitney U test for post-hoc tects were performed. Letters denote
significantly different from (P<0.008) sufficient?, insufficient®, or mildly deficient® group.

Discussion

In the present study, we investigated vitamin D
status in obese, overweight and normal-weight
young Chinese men with NGT and evaluated
whether independent associations existed
between serum vitamin D levels and IR. Among
the three groups of subjects, 25(0H)D levels
were significantly lower in obese men com-
pared to the levels in normal weight controls.
Only 5.1% of subjects had sufficient vitamin D
levels, primarily among normal-weight controls,
and mild (78.4%) or severe (7.6%) deficiency
was found predominately in the obese or over-
weight groups. We also found that men with
severe deficiency in Vitamin D had significantly
higher BMI, WC and HC than did men with suf-
ficient vitamin D. Notably, while WC, WHR, SBP,
DBP, and TC were similar in the normal and
overweight groups, all of these values were
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higher in the obese group than in both of the
other groups. In addition, we found that WC cor-
related positively with changes in HOMA-IR lev-
els, while 25(0H)D, levels correlated negatively
with HOMA-IR levels. In multivariable models,
higher WC and lower 25(0H)D, in obese
patients were associated with increases in
HOMA-IR. Our hypothesis that the relationship
between vitamin D and IR is accepted and dem-
onstrated in younger Chinese men of different
body weight status and with NGT.

The incidence of vitamin D deficiency has been
shown in previous studies to be increased in
obese individuals [23, 24]. Obesity itself is a
global epidemic and associated with insulin
resistance and other metabolic syndrome com-
ponents [25]. The link between vitamin D defi-
ciency and obesity is not coincidental, which
can be explained in part by the fact that vitamin

Int J Clin Exp Med 2016;9(6):11696-11705
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D deficiency decreases bioavailability of adi-
pose tissue and increases deposition of adi-
pose tissue, particularly in the abdominal com-
partment [25-27]. Low serum 25(0OH)D has also
shown effects on lipogenesis and adipogenesis
in adipose tissue, which may be the main con-
tributing factor [25]. A recent study of 191
obese patients reported a high prevalence of
vitamin D deficiency (48.7%) and vitamin D
insufficiency (33.0%), with correlations shown
between 25(0H)D levels and the degree of adi-
posity; 25(0OH)D levels also correlated inversely
with BMI, body weight, and WC [28]. Tzotzas et
al. also found that 25(0OH)D levels were lower in
obese subjects compared with control sub-
jects, and vitamin D levels increased after a
10% non-bariatric surgery-induced weight loss.
Importantly, this increase was significantly
associated with improvement in IR [29]. Such
results suggest that adipose tissue may
sequester vitamin D and during weight loss it is
again released into circulation. This potential
mechanism needs further investigation.

In the present study, lower circulating levels of
25(0H)D levels correlated negatively with
HOMA-IR and remained significant after adjust-
ing for age and BMI, which agrees with the
results of previous studies conducted among
Chinese people [11, 16]. Our results also agree
with those of a study among healthy, young
adult Caucasians, in which a significant inverse
association was found between serum 25(0OH)
D levels and IR [18]. IR is a major underlying
mechanism for development of arterial stiff-
ness, diabetes, cardiovascular and metabolic
syndrome, and a review and meta-analysis
reports that most cross-sectional population
studies have noted associations between
25(0H)D and insulin sensitivity [2]. Results of a
large prospective study of non-diabetic high-
risk Asian subjects suggest that vitamin D
metabolism appears to play some role in the
pathogenesis of type 2 diabetes [30]. An inde-
pendent association has also been shown
between vitamin D and glucose tolerance sta-
tus with insulin sensitivity, insulin secretion and
beta cell function, but that associations
between serum 25(0H)D and these markers of
type 2 diabetes do not correspond to OGTT sta-
tus [31]. The role of vitamin D in glucose metab-
olism is to increase insulin secretion from pan-
creatic B-cells and increase insulin sensitivity in
peripheral target tissues. Vitamin D deficiency
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also involves changes in oxidative stress, which
may affect vitamin D receptor activity on pan-
creatic B-cells. These mechanisms are not fully
understood, however, and previous studies
assessing the association between vitamin D
and IR have yielded inconsistent results. For
example, while higher serum 25(0H)D is consis-
tently associated with adiposity, triglycerides,
HDL cholesterol and metabolic syndrome, it
was not associated with HOMA-IR or beta cell
function in healthy post-menopausal women
[23]. Also, no association was found between
serum vitamin D concentration and insulin
action or insulin secretion in Europeans with
metabolic syndrome or in postmenopausal
Indian women [32, 33]. A recent study conduct-
ed in a rural Korean adult population also
reported that vitamin D levels were not inde-
pendently associated with IR [34]. Although we
know that inconsistent results may result from
different sample sizes, genetic factors, or dif-
ferent study populations with varying gender,
age, or ethnicity, and also among healthy sub-
jects or subjects with metabolic syndrome,
clearly additional large, prospective trials are
needed to establish the relationship between
vitamin D deficiency and IR.

In the present study, we observed that up to
95% of the younger adult males studied had
25(0H)D deficiency or insufficiency. Poor vita-
min D status was even shown in earlier studies
of middle-aged and older Chinese individuals in
Beijing [35] and Shenyang [36], respectively.
Although little is known regarding to what
extent the high prevalence of vitamin D defi-
ciency in our population may be explained by
certain environmental and/or genetic factors,
geographic location and season may be factors
in vitamin D status [37]. St. Petersburg, a north-
western region of Russia, and many other
regions of Russia, are located higher than 42°
North latitude and have approximately 62
sunny days per year, which may deprive the
population of sufficient sunlight and predis-
pose people to vitamin D deficiencies. In Spain,
vitamin D levels were measured in older women
(72+1.6 years) in winter and summer, with sig-
nificantly lower levels shown for winter than for
summer, specifically severely deficient levels
(<25 nmol/L) were found in roughly 28% of sub-
jects, about twice the percentage found in sum-
mer [38]. In the present study, participants
were selected during winter months, December
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2011 to February 2012, from Qinhuangdao, a
northern city in China with a relatively high lati-
tude (39° North latitude). In that region, com-
pared to low latitude cities, daily sun exposure
time is short, and ultraviolet light is weak.
Therefore, this may help to explain why only
5.10% subjects had normal 25(0H)D levels.
However, this was a small study and the study
population may not be suitable for evaluating
the prevalence of vitamin D deficiency, only that
vitamin D deficiency may be common among
young Chinese men in winter. A large-scale pop-
ulation study must be done for this purpose.
However, our results do indicate that greater
attention should be paid to improving vitamin D
nutritional status in the Chinese population,
particularly for those who are obese, less physi-
cally active, and living in high latitudes and
urban areas.

We must also mention that several interven-
tional trials have evaluated the effect of vitamin
D supplementation in non-diabetic insulin-
resistant subjects, demonstrating significant
improvements in insulin secretion and IR after
daily supplementation compared to placebo
[39-41]. Although the present study was non-
interventional, the benefits of supplementation
must be evaluated for the Chinese population
with vitamin D deficiency and its associations
with adiposity, type 2 diabetes mellitus, IR, and
metabolic syndrome.

The present study has several limitations. First,
the sample was small and we applied cross-
sectional design, which precludes showing a
causal relationship between serum 25(0H)D
and IR. Second, we did not include the subjects’
degree of smoking and drinking in the analysis
of variables. Furthermore, Vitamin D mainly
stores in adipose tissue and the 25(0H) D level
will have a direct impact to the Vitamin D level
in blood stream. We did not provide any data to
clarify this question. Third, Vitamin D is related
to the amount of day light received. If there is a
difference in the amount of day light received
between obese, overweight, and normal weight
individuals, the results of “obese individual's
blood 25(0H)D level was lower” may be due to
“total amount of daylight illumination was less
in obese individual”. We lack any evidence to
explain it. For plasma glucose levels, we did not
perform intra and inter-assay coefficient of vari-
ation. In Table 3, the results for linear regres-
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sion with backward selection is one of the
major basis for the present study. Finally, larger
prospective studies are needed to further
investigate both the prevalence of vitamin D
deficiency in Chinese populations and also the
associations between vitamin D, IR and BMI or
other variables such as WC associated with
overweight and obese status.

In conclusion, results of this study suggest that
vitamin D deficiency is common among young
Chinese obese men with NGT and that IR cor-
relates with 25(0H)D and WC in this population.
Regardless of the cause-effect relationship
between vitamin D deficiency and obesity, and
confirmation of possible mechanisms explain-
ing vitamin D deficiency and IR risk, it is clear
that the relationship affects many different
parameters of public health in China and that
results of our study are pertinent to improving
both vitamin D status and related public health
policy.
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