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Background: GC (group-specific component globulin) encoding VDBP (Vitamin D binding
protein) polymorphisms have been associated with susceptibility to some diseases such as
diabetes, obesity, osteoporosis, and polycystic ovary syndrome, but the evidence for meta-
bolic syndrome (MetS) in the Chinese rural population is inconclusive. Therefore, we
investigated the relationship between GC variants (rs7041, rs4588, rs2282679, and
rs705117) and MetS risk as well as VDBP levels in the Chinese rural population.
Patients and Methods: The participants (range of age: 20-90 years) of this case—control
study were recruited from the northern Chinese Han rural population. We matched 445 MetS
cases with non-MetS controls in a 1:1 ratio by sex, age (within 5 years). Real-time PCR
technology was carried out by TagMan assays to examine the four variants of rs7041, rs4588,
1s2282679, and rs705117 within the GC gene. To identify the association of GC gene
polymorphisms with MetS, we calculated ORs using a conditional logistic regression
model adjusted for potential confounding factors.

Results: We observed inverse associations of CA and AA genotypes of rs4588 with risk of
MetS (OR = 0.678, 95% CI 0.505-0.910, P = 0.010; 0.603, 95% CI 0.373-0.973, P = 0.039,
respectively) compared with carriers of CC genotype. A similar relationship was also found
between rs2282679 and MetS, showing that carrying AC genotype of rs2282679 can
decrease the risk of MetS (OR = 0.683, 95% CI 0.509-0.917, P = 0.011) compared with
carriers of AA genotype. The results of correlation analysis between MetS components and
GC polymorphisms showed that the ORs of AA genotype of rs4588 with high level of TG
(triglycerides) and low level of HDL-C (high-density lipoprotein cholesterol) were 0.473
(95% CI 0.245-0.911, P = 0.025) and 0.268 (95% CI 0.117-0.615, P = 0.002), respectively;
the ORs of CC genotype of rs2282679 with high level of TG and low level of HDL-C were
0.428 (95% CI 0.217-0.842, P = 0.014) and 0.263 (95% CI 0.110-0.628, P = 0.003),
respectively. However, there was no significant association between the concentration of
VDBP and MetS risk.

Conclusion: Among the Chinese rural population, GC polymorphism was associated with
lower metabolic syndrome susceptibility, which might be through affecting blood lipid levels
(TG and HDL-C).
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Introduction

The metabolic syndrome (MetS) is a cluster of the most dangerous heart attack risk
factors: central obesity, raised fasting plasma glucose (FPG), high cholesterol, and
elevated blood pressure (BP).! It is estimated that 20-25% of the global adult
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population have MetS, and they are twice as likely to die
from and three times as likely to have a heart attack or
stroke than individuals without MetS.> Moreover, popula-
tions with MetS have a fivefold higher risk of developing
type 2 diabetes mellitus (T2DM).?> The underlying causes
of MetS remain a challenge to scholars, but both insulin
resistance and central obesity have been identified as cri-
tical factors.*> The etiology of MetS and its components
involves complex interactions between multiple genetic
and environmental factors, such as aging, lack of exercise,
proinflammatory states, and hormonal changes. For some
individual MetS components, the genetic heritability can
be up to 50% and 13—-30% for collective MetS phenotype.6

Increasing evidence indicates that vitamin D deficiency
is associated with MetS risk, and the interventions to
maintain optimum vitamin D concentrations are consid-
ered to be the preventive strategy against MetS.” Some
studies have shown that vitamin D affects insulin secretion
and sensitivity, and vitamin D deficiency can compromise
the capacity of pancreatic  cells to convert pro-insulin
into insulin,® which further affects the development of
MetS. A Mendelian randomization study showed that
there was an inverse association between the plasma 25
(OH)D concentration and risk of MetS and T2DM in the
rural middle-aged and elderly participants.”

Vitamin D binding protein (VDBP), also known as
group-specific component globulin (GC), is the main car-
rier of vitamin D in plasma and plays a crucial role in the
development of MetS. Circulating vitamin D released from
the skin is bound to VDBP and then transported to adipose
tissue, where it is deposited, or to the liver. In the liver, it
is hydroxylated by 25-hydroxylases to 25-hydroxyvitamin
D (25(OH)D), which can be transported to kidney and
subsequently converted to 1,25(0OH),D inside cells.'® The
GC gene (chromosome 4ql3.3; gen ID 2638; MIM
139200;
encodes the VDBP, which has shown an association with
25(0OH)D concentrations in GWAS studies.'' Moreover,
multiple additional

link  http://www.ncbi.nlm.nih.gov/gene/2638)

metabolic roles beyond vitamin
D transport have been described for VDBP, including
binding of fatty acids, actin scavenging, modulation of
inflammatory processes and innate immunity, and influen-
cing bone metabolism.'?

Currently, few studies have focused on the potential
relationship between GC polymorphisms and the risk of
MetS, especially for the Chinese population. Moreover,
the role of GC gene may vary by race.'® Therefore, this
assess the associations of GC

report aims to

polymorphisms with MetS and its components as well as
VDBP levels by a case—control study in a Chinese rural
population.

Methods
Study Population

All eligible adult subjects were recruited from the northern
Chinese Han rural population from July to August 2013
and from July to August 2015. A total of 445 subjects
were diagnosed with MetS based on the new International
Diabetes Federation (IDF) definition.” According to the
new IDF definition, for one person to be defined as having
MetS they must have central obesity (defined as waist
circumference (WC) >90 cm for Asian men, and >80 cm
for Asian women) plus any two of the following four
factors: 1) raised triglycerides (TG) level: >150 mg/dl
(1.7 mmol/l) or specific treatment for this lipid abnormal-
ity; 2) reduced high-density lipoprotein-cholesterol (HDL-
C) <40 mg/dl (1.03 mmol/l) in males and <50 mg/dl (1.29
mmol/l) in females or specific treatment for this lipid
abnormality; 3) raised BP: systolic BP > 130 or diastolic
BP > 85 mm Hg or treatment of previously diagnosed
hypertension; 4) raised FPG; FPG > 100 mg/dl (5.6
mmol/l) or previously diagnosed T2DM. Each MetS case
was matched individually with a non-MetS control by the
same gender, similar age (within 5 years).

Data Collection and Laboratory

Measurements

All participants completed a standard questionnaire
(including gender, age, smoking situation, drinking situa-
tion, family history of chronic disease, and medication
history of lipid-lowering drugs, antihypertensive drugs,
and antidiabetic agents) and underwent a physical exam-
ination (body weight, height, hip circumference, WC, sys-
tolic BP, and diastolic BP). A family history of disease
(T2DM, hyperlipidemia, obesity, and hypertension) was
assessed by asking whether participants had a first-degree
family member diagnosed with disease.'* Participants who
smoked >100 cigarettes during their lifetime were classi-
fied as smokers.'> Alcohol consumption was defined as
having consumed alcohol >12 times in the last year.'> BP
was measured three times by using an electronic sphyg-
momanometer (Omron, HEM-770AFuzzy, Kyoto, Japan)
after at least a 5-min rest, with participants in a seated
position. The average of the three measurements was used
for analysis.'® Fasting blood samples (overnight fasting >8
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h) were collected in a vacuum tube. After anticoagulation,
plasma was centrifuged (3000 rpm for 10 minutes) and
stored at —80°C for biochemical determination. FPG, TG,
TC (total cholesterol), and HDL-C were tested by the
automatic biochemical analyzer (KHB360, Shanghai,
China). LDL-C (low-density lipoprotein cholesterol)
level was estimated by Friedewald formula.'” The VDBP
concentrations were detected by ELISA kits (Sangon
Biotech, Shanghai, PR China). All assessments were
done in the same lab.

Single Nucleotide Polymorphism (SNP)
Selection, DNA Extraction and
Genotyping

Based on an extensive literature review and information from
the HapMap and NCBI databases, we selected four related
SNPs (rs7041, rs4588, 1s2282679, and rs705117). The selec-
tion criteria were the minor allele frequency (MAF) >0.01
and location in significant gene functional regions such as
gene promoter, exon and intron regions. The detailed infor-
mation of the four SNPs is shown in Table 1.

Genomic DNA was extracted from EDTA-treated
whole blood using a DNA extraction kit (DNA blood kit,
Bioteke, Beijing, China) following the procedure detailed
in the kit. The SNP loci were genotyped by TagMan SNP
genotyping reagents purchased from Applied Biosystems
on a 7500 Fast real-time quantitative fluorescence PCR
instrument. Ten percent of samples underwent repeat gen-
otyping to ensure genotyping reproducibility, and the con-
cordance rate was 99.5%. All assess were done in the
same lab.

Sample Size and Data Analysis

Preliminary data to conduct formal power analyses were
not available when the study was designed. However, we
and MetS
to obtain a rough estimate of the relative

used previous studies of GC variants

components 18,19

Table | Information on the Selected SNPs in GC Gene

SNPs Allele Position Location MAF?
rs7041 TG 4:71752617 Exon 0.382
rs4588 C>A 4:71752606 Exon 0.208
rs2282679 A>C 4:71742666 Intron 0.202
rs705117 G>A 4:71742398 Intron 0.422

Note: All SNP information from NCBI database GRCh38. p7.
Abbreviation: SNP, Single nucleotide polymorphism; *MAF, minor allele frequen-
cies based on 1000 Genomes Project.

risk (OR = 0.60) and consider the MAF (minor allele
frequencies) of rs2282679 as the prevalence of risk factor
(P=0.202). Based on this, we estimated a required sample
size of 445 per group to detect an effect of similar magni-
tude at an a level of 0.05 with 80.2% statistical power.

Categorical variables were shown as numbers (percen-
tages) and were analyzed by chi-square test. Continuous
variables were expressed as medians with corresponding
interquartile ranges for data with skewed distribution.
Independent sample ¢-tests were used for comparisons of
continuous variables, and they were log-transformed
before analysis if the variables did not conform to
a normal distribution. For variables not conform to
a normal distribution after log-transformation, we ana-
lyzed them using the Wilcoxon rank sum test. The fre-
quency distribution of genotypes and allele was checked
for cases and controls, and deviation from the Hardy-
Weinberg equilibrium was assessed in all objects by
Fisher’s exact test/Pearson’s Chi-square test. We used
a conditional logistic regression model to estimate ORs
and corresponding 95% ClIs for the relationship between
SNPs of the GC gene and MetS with its components,
adjusting for smoking status, drinking status, family his-
tory of diabetes, family history of hypertension, family
history of hyperlipidemia, and family history of obesity.
Associations between MetS and VDBP levels were deter-
mined by the conditional logistic regression model after
controlling the confounding factors. Range for levels of
VDBP was defined as follows: VDBP-L (<300ug/mL);
VDBP-M (300-600pg/mL); VDBP-H (>600pg/mL).*
Moreover, we conducted a Kruskal-Wallis H-test to esti-
mate the relationships between GC gene variants and the
concentration of VDBP. All reported P values were two-
sided and were considered statistically significant at P <
0.05. All statistical analyses were performed using SAS
9.4 (SAS Inst. Inc., Cary, NC, USA).

Results

Population Characteristics

Characteristics of all subjects (n = 890) in this study are
shown in Table 2. There was no significant difference
between the MetS and control groups in the level of
smoking status, drinking status, family history of these
four chronic diseases, LDL-C, and VDBP (P = 0.237,
1.000, 0.426, 0.214, 0.306, 0.194, 0.080, 0.735, respec-
tively). However, compared with the control group, cases
of MetS display higher levels of BMI, WC, FPG, TC, TG
SBP, DBP, and lower levels of HDL-C (P < 0.05).
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Table 2 Anthropometric and Clinical Characteristics of Study Participants

Characteristics MetS (n=445) Control (n=445) P

Male 194(43.60%) 194(43.60%) |

Age (years) 56.00(46.00-66.00) 55.00(46.00-65.00) 0.963
Smoking 98(22.02%) 113(25.39%) 0.237
Drinking 60(13.48%) 60(13.48%) |

Family history of diabetes 99(22.25%) 84(18.88%) 0.426
Family history of hyperlipidemia 39(8.76%) 26(5.84%) 0.214
Family history of obesity 16(%)3.60 9(2.02%) 0.306
Family history of hypertension 177(39.78%) 156(35.06%) 0.194
BMI (kg/m?) 27.63(25.93-29.79) 24.30(22.09-26.59) <0.01
WC (cm) 95.00(90.00—-100.00) 84.00(77.00-90.00) <0.01
FPG (mg/dl) 5.44(4.57-7.17) 4.64(4.07-5.17) <0.01
TC (mg/dl) 4.51(3.95-5.28) 4.43(3.90-5.13) 0.015
TG (mg/dl) 1.97(1.36-2.68) 1.06(0.71-1.46) <0.01
HDL-C (mg/dl) 1.21(1.03-1.39) 1.46(1.28—-1.65) <0.01
LDL-C (mg/dl) 2.33(1.90-3.03) 2.49(2.04-2.99) 0.080
SBP (mm Hg) 133.00(123.00-148.00) 123(115.00-137.00) <0.01
DBP (mm Hg) 85.00(80.00-92.00) 80.00(75.00-88.00) <0.01
VDBP (pg/mL) 136.40(103.99-284.79) 145.97(100.88-336.99) 0.735

Note: Data are displayed as medians (interquartile range) or numbers (%).

Abbreviations: BMI, body mass index; WC, waist circumference; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; VDBP, vitamin D binding protein.

Association of GC Gene and MetS

The genotype distributions of GC polymorphisms obeyed
Hardy-Weinberg equilibrium in all participants (P = 0.245,
0.676, 0.164 and 0.685 for rs7041, rs4588, rs2282679, and
rs705117, respectively). The distributions for alleles and
genotypes of the four SNPs in the two groups are pre-
sented in Figure 1. Similar genotype frequencies were
observed between the control and MetS groups for
rs7041 and rs705117 (Figure 1A and D), with P-values
of 0.431 and 0.142, respectively. The rs7041 (T>G) and
rs705117 (G>A) polymorphisms did not show any allelic
association with MetS, P=0.216 and 0.056, respectively.
However, the distributions of rs4588 and rs2282679 were
meaningfully different (P = 0.012 and 0.021, respectively,
Figure 1B and C). The CA and AA genotype frequencies
of rs4588 in controls were significantly higher than in the
MetS group, and the AA genotype frequency of rs2282679
in controls was lower than in the MetS group. The rs4588
(C>A) and rs2282679 (A>C) polymorphisms showed alle-
lic association with MetS, P = 0.005 and 0.009,
respectively.

The associations of GC polymorphisms (rs7041,
rs4588, 12282679, and rs705117) with MetS risk suscept-
ibility are shown in Table 3. Conditional logistic regres-
sion model demonstrated that GC polymorphisms were
associated with MetS risk after adjusting for smoking

status, drinking status, and family history of chronic dis-
cases (T2DM, hypertension, hyperlipidemia, and obesity).
Carriers of the CA and AA genotypes of rs4588 have
lower MetS risk than those carrying the CC genotype,
with the adjusted ORs (95% CI) being 0.678 (0.505—
0.910, P = 0.010) and 0.603 (0.373-0.973, P = 0.039),
respectively. Likewise, participants with AC and AC+CC
genotypes of 152282679 were less likely to develop MetS
than those carrying the AA genotype, and the ORs (95%
CI) were 0.683 (0.509-0.917, P = 0.011) and 0.683
(0.519-0.897, P = 0.006), respectively. However, no sta-
tistically significant relationships were detected between
genotypes and MetS risk for rs7041 and rs705117.

Relationship Between GC Gene and

Metabolic Syndrome Components

According to the new IDF definition, there are six compo-
nents of metabolic syndrome, including TG, HDL-C, sys-
tolic BP, diastolic BP, FPG, and WC. The associations of
GC polymorphisms and components of MetS are exhibited
in Figure 2. The variants of rs4588, rs2282679 and
rs705117 were associated with TG and HDL-C, respec-
tively (Figure 2A and B). Compared with CC and CA
genotypes of rs4588, the population carrying mutant
homozygote AA tended to have normal TG (OR = 0.512,
95% C1 0.270-0.970, P = 0.025) and HDL-C (OR = 0.338,
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Figure | Genotypic distributions of single nucleotide polymorphisms in the GC gene among MetS patients and controls. The total number in each group is not equal to 445
because of failed genotyping for some samples. Data are presented as count numbers and percentages. (A) Frequencies of rs7041, (B) frequencies of rs4588, (C) frequencies
of rs2282679, and (D) frequencies of rs705117. The P-values were generated by Pearson’s y” tests.

95% CI 0.154-0.741, P = 0.002) levels in plasma. Carriers
of the CC genotype of 152282679 were more likely to have
normal TG and HDL-C levels in plasma, compared with
AA and CA genotypes of rs2282679 (OR = 0.456[0.238-
0.875] and 0.304[0.134-0.692], respectively, P < 0.05).
For rs705117, subjects carrying the AA genotype tended
to have normal HDL-C concentrations compared to those
carrying the GG genotype (OR = 0.498, 95% CI 0.277-
0.984, P = 0.020). Significantly, compared with GC and
AA genotypes of rs705117, carriers of GG genotype tend
to have high DBP level (Figure 2D). However, there were
no significant associations between GC variants and SBP,
FPG and WC (Figure 2C, E and F).

Associations Between VDBP Level and

Metabolic Syndrome

We detected the associations between GC polymorphism
and the concentration of VDBP (Table 4). VDBP levels
were significantly different among three genotypes of
rs2282679 (P = 0.042). There was marginal significance
in the associations of VDBP levels and rs4588 variants
(P = 0.052). Meanwhile, we conducted a conditional

logistic regression analysis to evaluate the associations
between VDBP levels and MetS; however, no significant
association was found between them (Table 5).

Discussion

It has been shown by our results that the carriers of CA
+AA genotypes of rs4588 and AC genotype of rs2282679
tend to have a reduced metabolic syndrome susceptibility
in the Chinese rural population. Meanwhile, according to
the analyses of MetS components, significant negative
correlations were found between AA genotype of rs4588
and CC genotype of rs2282679 in GC gene and the plasma
contents of TG and HDL-C, whereas differential expres-
sions of plasma VDBP had no significant effect on the risk
of MetS.

Our findings provide reliable evidence that the poly-
morphisms of GC gene are correlated with MetS risk in
Chinese population. Nevertheless, the findings of relevant
studies remain inconsistent. For instance, a study based on
the Thailand population found that male subjects with the
CA genotype for rs4588 had an increased risk of MetS
compared to those with the CC wild-type,19 which is
contrary to the conclusion of the present research. This
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Table 3 Associations of Genotypes of GC Gene and Risk of Metabolic Syndrome in Han Chinese

SNPs Genotypes Adjusted ORs® 95% CI P
rs7041 TT
TG 1.103 0.830-1.465 0.501
GG 1.367 0.807-2.313 0.245
TG+GG/TT 1.142 0.870-1.479 0.339
GG/TT+TG 1.310 0.785-2.186 0.301
rs4588 CcC
CA 0.678 0.505-0.910 0.010
AA 0.603 0.373-0.973 0.039
CA+AA/CC 0.663 0.503-0.875 0.004
AA/CC+CA 0.751 0.478-1.178 0.212
rs2282679 AA
AC 0.683 0.509-0.917 0.011
CcC 0.668 0.416-1.073 0.095
AC+CC/AA 0.683 0.519-0.897 0.006
CC/AA+AC 0.774 0.494-1.214 0.264
rs705117 GG
GA 0.821 0.580-1.162 0.265
AA 0.689 0.470-1.008 0.055
GA+AA/GG 0.769 0.560-1.005 0.103
AA/GG+GA 0.781 0.571-1.068 0.122

Note: *Adjusted for smoking status, drinking status, family history of diabetes, family history of hypertension, family history of hyperlipidemia, and family history of obesity.

Abbreviations: OR, odds ratio; SNP, single nucleotide polymorphism.

may be due to the unique genetic backgrounds of each
ethnic population, as well as the fact that the replication
for findings of complex diseases such as MetS has been
relatively poor.?! Moreover, variations in the allele fre-
quency of Chinese and Thailand’s populations may partly
explain the discrepancy, as the allele frequency of rs4588
in Chinese differs dramatically from other populations,
when assessed by the 1000 Genomes Project Phase 3
sequence data in NCBI (C = 0.739 in East Asian; C =
0.697 in South Asian). In the meantime, correlation ana-
lysis has only focused on the relationship of vitamin

2223 or between

D levels and GC gene polymorphisms
vitamin D contents and MetS.** Future studies with
much more cases are needed to confirm the associations
between GC gene variants and MetS risk among various
populations.

In addition, we found that certain GC variants were
associated with a reduced risk of MetS, as well as low
levels of TG and high HDL-C. Hence, it is speculated that
the GC may modulate the susceptibility to MetS by affect-
ing the lipid profiles, and the findings of several reports
were in favor of this speculation. The rs4588 and
1s2282679 are located in the exon and intron of the GC

gene, respectively. Variations in rs4588 and rs2282679
may result in deleterious effects on precursor mRNA spli-
cing, as witnessed by aberrant expression of alternatively
spliced transcripts and a tendency to develop certain
diseases.”> Though no study has yet directly demonstrated
the causal relation of GC variants and lipid profiles, Grave
et al found that RXRG 152134095 and GC rs7041 exerted
a synergistic effect on reducing LDL-C levels,”® while
a remarkable correlation between dyslipidemia and GC
152282679 was illustrated by Foucan et al.>’ Meanwhile,
a prospective cohort study found that GC gene variants
were linked with lipid metabolism and the impact was
mediated, at least partially through dietary intake.?®
Moreover, many previous studies have indicated that
hypertriglyceridemia is strongly associated with MetS

2931 1t was shown by Sesso et al with

components.
a 10.8 years of follow-up study that HDL-C levels were
inversely associated with risk of hypertension.*?
Additionally, there is a clear association among HDL-C
and diabetes and obesity.**** In consequence, the combi-
nation of low HDL-C content with elevated TG level
accounts for a critical factor for the development of

MetS.*
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Figure 2 Association of genotypes of SNPs (rs7041, rs4588, rs2282679, and rs705117) of GC gene and risk of metabolic syndrome components in the rural population in
Henan, China. (A) The associations between GC variants and high level of TG (triglycerides); (B) The associations between GC variants and low level of HDL-C (high-density
lipoprotein-cholesterol); (C) The associations between GC variants and high level of SBP (systolic blood pressure); (D) The associations between GC variants and high level of
DBP (diastolic blood pressure); (E) The associations between GC variants and high level of FPG (fasting plasma glucose); (F) The associations between GC variants and high

level of WC (waist circumference).

Notes: *Adjusted for smoking status, drinking status, family history of diabetes, family history of hypertension, family history of hyperlipidemia, and family history of obesity.
bStudy subjects who took lipid-lowering medicine two weeks before the survey were excluded from the statistical analysis process. “Study subjects who took hypotensive
drugs two weeks before the survey were excluded from the statistical analysis process. “Study subjects who took anti-diabetic agents two weeks before the survey were

excluded from the statistical analysis process.

In order to clarify the effect of VDBP on the interaction
between GC gene polymorphisms and MetS risk, we inves-
tigated the associations between GC variants and VDBP

Table 4 Associations Between GC Gene and Level of VDBP

SNP Level of VDBP? P
rs7041 0.133
TT 140.37(101.33-345.43)

TG 134.28(100.29-268.26)

GG 158.10(109.42-378.46)

rs4588 0.052
CC 149.75(103.40-361.81)

CA 129.86(100.05-276.37)

AA 153.52(106.18-336.58)

rs2282679 0.042
AA 150.91(103.92-397.11)

AC 129.47(100.18-276.73)

CC 137.08(101.33-282.53)

rs705117 0.145
GG 151.50(103.94-423.85)

GA 132.14(98.81-283.09)

AA 143.09(105.56-282.53)

Note: *The level of VDBP was expressed as medians with a corresponding inter-
quartile range.

levels, as well as VDBP contents and MetS susceptibility,
respectively. Based on the results, 152282679 variants of GC
gene were significantly associated with changes in VDBP
levels, while rs4588 variants and VDBP contents were mar-
ginally correlated. A similar result was observed in
a Mendelian randomization study by Zhang et al.*® Data
from a prospective cohort study in Mexico also suggested
that variations in the GC gene could indeed affect the
expression of VDBP.*” In a cohort of Finnish men, varia-
tions in genes that are involved in the translation and post-
translational modification of GC (VDBP) were shown to
affect the circulating levels of VDBP.>® However, only few
studies have explored the link between VDBP expression
and MetS risk. Interestingly, we did not observe a clear
association between VDBP and MetS risk in the study,
which may be due to the relatively small sample size.
Consistent with our findings, no difference was observed
in the levels of VBDP between controls and patients with
MetS in a caucasian population.®* A growing number of
studies have demonstrated that MetS and its components
are associated with the abnormal expression of vitamin
D,***? and GC variants was shown to influence the expres-
sion of TG, HDL-C and VDBP in this paper, so that the
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Table 5 Association and Risk Between the Level of VDBP and MetS

Level of VDBP? Control MetS Ve P OR (95% CI) P
VDBP-L 325(73.03%) 338(75.96%) 2.078 0.354 [

VDBP-M 61(13.71%) 47(10.56%) 0.735(0.505-1.122) 0.163
VDBP-H 59(13.26%) 60(13.48%) 0.983(0.661—-1.464) 0.934

Note: *Range for levels of VDBP were defined as follows: VDBP-L (<300ug/mL); VDBP-M (300—-600pg/mL); VDBP-H (>600ug/mL).

dysfunctions of vitamin D-VDBP complex may contribute
to the development of metabolic disorders. VDBP is an
essential protein that plays a pivotal role in the transport
and function of vitamin D in body, and its defects can
influence the levels of circulating vitamin D while decreas-
ing the production of active 1,25(OH),D in targeted
tissues.*? However, we did not evaluate the association
among vitamin D and GC gene and MetS risk in this
paper, so further studies are required to confirm such
associations.

One of the strengths of this study is that the current
case—control design is done with comprehensive assess-
ments of known and potential confounding factors. Our
study is the first to systematically evaluate the relationship
among GC variants, VDBP expressions and MetS risks. In
addition, we excluded national minority except for Han
Chinese, which eliminated the complexity of genetic back-
ground. Meanwhile, some limitations of the present study
should be noted. Firstly, the study was a cross-sectional
study, which did not allow for the determination of causal
relationships between GC gene polymorphisms and MetS.
Therefore, these findings should be validated using pro-
spective studies. Secondly, SNPs located in the promoter,
intron, and exon regions of the GC gene were not fully
included in this study, so in order to represent all variants
of the GC gene, whole-gene sequencing should be
required in future studies. Thirdly, we did not detect the
levels of plasma vitamin D has yet been tested in our
study, which may, at least partially explain the associations
between GC variants and MetS risk. Additionally, dietary
patterns and physical activities are both closely related to
the risk of MetS,* especially the interaction for the com-
bination of high-fat diet and low-level physical activity.
Hence, further studies are needed to confirm the interac-
tive effect of diet pattern and physical activity level on the
relationships between GC gene variants and MetS risk.

Conclusion
In conclusion, it was shown by our study that GC poly-
morphism (CA+AA genotypes of rs4588 and AC genotype

of 1s2282679) was associated with lower metabolic syn-
drome susceptibility assumedly by affecting blood lipid
levels in the Chinese rural population. Specific gene var-
iants of GC appear to be significant candidates predispos-
ing to MetS in the Chinese rural population. Nevertheless,
these results need to be confirmed whether these associa-
tions are ethnic specificity.
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