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Abstract 

Visfatin is a recently discovered adipokine that contributes to glucose and obesity-related 
conditions. This study investigates Visfatin RS4730153 polymorphism from the perspectives of 
its relations with glucose/lipid metabolism and its influence on the effects of exercise-induced 
weight loss. Eighty-eight obese Han Chinese children and adolescents were randomly selected 
from a 2008 Shanghai Weight Loss Summer Camp and were supervised to complete a 4 week 
aerobic exercise training program. Significant differences were observed in before-exercise 
TG value and exercise-induced HOMA-β change, with the AG group having a much higher TG 
value than the GG group (P ≤ 0.05), and the latter exhibiting a significantly larger be-
fore-and-after exercise HOMA-β change than the former (P ≤ 0.05). However, no significant 
difference was observed between the two groups in before exercise indices of body shape, 
function and quality, nor in exercise-induced changes of body shape, function, and quality. 
Findings suggest that Visfatin RS4730153 homozygous GG genotype may effect adjustment of 
glucose and lipid metabolism in obese children and adolescents by reducing TG levels and 
increasing insulin sensitivity to exercise. 

Key words: Visfatin; Polymorphism; Exercise; Weight loss; Obese children and adolescents; Glu-
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INTRODUCTION 
The human Visfatin gene is located on the long 

arm of chromosome from 7q22.1 to 7q31.33, encoding 
a polypeptide of 491 amino acids with a molecular 
mass of 52 kDa [1] (National Center for Biotechnology 
Information accession number AAA17884) and all the 
splice junction sequences of its 11 exons and 10 in-
trons conform to the AG/TG rule. According to a 
genome-wide obese gene scan of 6849 obese adults 
from 4 races (white, black, Mexican-Americans and 
Asian Americans) [2], chromosome 7q contributes to 
BMI (body mass index) and is susceptible to obesity. 

Among the 52 Visfatin single nucleotide polymor-
phisms (SNPs) discovered, some are found to be as-
sociated with obesity-related conditions and glu-
cose/lipid metabolism [3][4][5][6][7]. Furthermore, 
many beneficial physiological responses to aerobic 
exercise training in obese people, including im-
provements in glucose tolerance and insulin sensitiv-
ity, are revealed to be linked with changes of Visfatin 
concentration [8][9][10]. Accordingly, Visfatin may be 
a candidate gene for aerobic exercise training-induced 
changes in glucose and obesity-related phenotypes 
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and its gene polymorphisms may be the causes of 
differences in the response to identical exercises.  

Two Visaftins, SNPs rs4730153 and G-948T, are 
recognized for their linkage disequilibrium groups 
[5]. While the latter is confirmed to be related with 
glucose/lipid metabolism and obesity-related condi-
tions, results of researches on the former vary. As 
environmental factors could have a great impact on 
phenotypes of certain genes and may even mask the 
effects of genes on complex phenotypes, it is of greater 
value to study gene polymorphism via children and 
adolescents than adults, who are usually more af-
fected by complicated factors such as treatment his-
tory and comorbidities. However, do Visfatin poly-
morphisms influence exercise-induced changes in 
glucose/lipid metabolism and other obesity-related 
indicators in obese children and adolescents? If yes, 
does the influence result from different degrees of 
sensitivity to exercise caused by different alleles? To 
the best of the authors’ knowledge, there is no study 
on these topics. 

This study investigates Visfatin RS4730153 
polymorphism’s relations with glucose/lipid metab-
olism and its potential involvement in the response of 
exercise-induced weight loss in obese Han Chinese 
children and adolescents. 

SUBJECTS AND METHODS  
Subjects  

Eighty-eight obese Han Chinese children and 
adolescents in southeast China were randomly se-
lected from 2008 Shanghai Weight Loss Summer 
Camp. The average age of the subjects was 
14.11±3.63yrs with 40 boys aging 13.21±3.01yrs and 48 
girls 14.88±3.96yrs and the average BMI (body mass 
index) was 29.26±4.44. All subjects were sedentary 
outside compulsory exercise in schools. Subjects were 
screened by a professional physical examination and 
medical history investigation to exclude those with 
major health issues or medication usage. The study 
was approved by the Ethics Committee of Shanghai 
University of Sport and all parents and children pre-
sented their written consent of involvement in it. 

Research methods  
All subjects were identified for Visfatin genotype 

and assessed for pre-exercise conditions after a 
two-day unified dietary adaptation. Items assessed 
include fasting blood testing, body shape, physical 
quality and function. Post exercise assessment was 
conducted the next morning after the 4-week aerobic 
exercise training (about 18~20h interval to avoid the 
influence of acute exercise on metabolism). 

Customized 4-week aerobic training plans were 

designed according to an incremental exercise test of 
running on a flat treadmill at three separate speeds 
(4km/h, 6km/h and 8km/h), 2 minutes at each. All 
plans consist of two 120-min training sessions on 
week days and each includes a warm-up, aerobic ex-
ercise at an intensity of 20-40% of heart rate reserve 
(HRR) and a cool down. Exercise intensity was mon-
itored with a polar real time system recording heart 
rates (Polar, Finland). Exercise routines were system-
atic and simple ones such as brisk walking, jogging, 
swimming, and ball games etc.  

Glucose and lipid metabolism were measured 
via Hitachi 7600-020 clinical analyzer. Insulin sensi-
tivity was evaluated by ISI = 1/FPG × FINS and 
HOMA-IR = FPG × FINS/22.5 [11] [12]; HOMA-β = 20 
× FINS / (FPG-3.5)[12] was used as an indicator of 
basal insulin secretion. Body shape, physical quality 
and function were assesses with standard measure-
ment and waist-to-hip ratio (WHR) was calculated 
accordingly. 

Genotyping of Visfatin RS4730153 polymor-
phisms were done via ligase detection-polymerase 
chain reaction (LDR-PCR). Total DNA was extracted 
by AxyPrep-96 (AXYGEN) genomic DNA extraction 
kit. Primers were Forward 5'TCCCCCAAGCT 
GTTATGGTA3' and Reverse 5'AAGGTATGGT 
TGACCCAGCTA3' and the PCR was around 200bp. 
Primers and probes were diluted in TE buffer to 
50pmol/ul according to the molecular weight. LDR 
was in 10ul system. Reaction program was 95 ℃ 2m → 
94 ℃ 30s → 50 ℃ 2m. PCR products were sequenced 
by ABI PRISM 377 DNA Sequencer. Polymorphisms 
were analyzed by Gene mapper software.  

Statistical analysis  
Descriptive data are presented as means± 

standard deviations and analyzed via SPSS (version 
16.0) software. Before statistical analysis, data were 
tested for homogeneity. Data with variations on 
standard deviation were transformed to log values 
before further analyzed. Chi square t was used to as-
sess Hardy-Weinberg genetic equilibrium. The before 
and after metabolic and physical indicators were an-
alyzed by Paired t-test and independent t-tests were 
used to compare baseline and post aerobic exercise 
training differences in genotypes. Linear regression 
models adjusted for potential covariates such as age 
and gender were applied to test for association of the 
variant with quantitative phenotypes.  

RESULTS  
Vifastin polymorphisms at RS4730153  

Results of Polyacrylamide gel electrophoresis 
sequencing showed that genotype frequencies for the 
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Visfatin RS4730153 polymorphism were 15.9% AG (8 
boys and 6 girls) and 84.1% GG. The A allele fre-
quency was approximately 8%, which was lower than 
previously reported (48% [5]; 41.6% [6]). However, the 
genotype frequencies were in Hardy-Weinberg equi-
librium by χ2 (Table 1) (χ2 =1.037, df =2, P=. 595). 

Table 1. χ2 test. 

 Value df Asymp. Sig. (2-sided) 
Pearson Chi-Square 1.037a 2 .595 
Likelihood Ratio 1.423 2 .491 
Linear-by-Linear Association .038 1 .846 
N of Valid Cases  176   
a. 2 cells (33.3%) have an expected count less than 5.The minimum expected 
count is .50. 

 

Indices of before-and-after exercise in all sub-
jects 

Linear regression models with baseline charac-
teristic values as covariates were used to compare 
characteristic changes between different genotypes. 
MI and WHR values were converted to logarithms 
before analyzed. 

Data in Table 2 show significant improvements 
in physical fitness parameters and glucose/lipid 
metabolic indicators after exercise (p≤0.01), which 
may indicate that the exercise intervention had an 
apparent effect on weight loss. 

Comparison of before-and-after exercise body 
shape, function and quality between two gen-
otypes 

According to the above table, there was no sig-
nificant difference between the two groups in before 
exercise indices of body shape, function and quality. 

As to exercise-induced changes, the only differences 
lie in a significantly higher increase in R-grip and a 
slight improvement of L-grip in AG group. 

According to R-grip with p=.091 and L-grip .180 
in 4730153AG and R-grip p=.012 and L-grip .000 in 
gender, we found it is gender rather than genotype 
that caused differences in the grip changes. 

Comparison of before-and-after exercise glu-
cose/lipid metabolism indices between two 
genotypes 

Table 5 show a significantly higher be-
fore-exercise TG value in AG group (P ≤ 0.05, also 
shown in Figure 1). Also, it reveals a significant dif-
ference in HOMA-β changes between the two groups, 
with GG group exhibiting a significantly greater 
change than AG (p ≤0.05). The differences remained 
even after applying linear regression models with age 
and gender as covariates (P=0.048 and .038 respec-
tively, Table 6). Although the difference in insulin 
level was not significant, a greater decrease in GG 
group was observed. No significant difference was 
observed in exercise-induced changes in the other 
metabolic indicators between the two. 

 
Figure 1. Effect of the Visfatin RS4730153 Variant on Basline TG.  

Table 2. Indices of before-and-after exercise. 

Index Baseline After 4 weeks Index Baseline After 4 weeks 
BMI 29.372±4.395 26.709±4.094** TG 1.488±.844 .713±.231** 
F% 38.352±7.716 31.841±7.013** TC 4.847±1.037 3.590±.643** 
WHR .914±.068 .861±.068** HDL 1.248±.208 1.147±.196** 
WC 92.104±12.118 78.941±11.437** HDL/TC .265±.055 0.326±0.060** 
Sbp 107.694±12.486 102.553±13.328** HDL/TG 1.113±.620 1.765±0.615** 
Dbp 61.706±10.578 53.976±9.536** HDL/LDL .466±.122 .568±.129** 
HRrest 90.047±13.239 80.576±10.975** LDL 2.806±.681 2.086±.434** 
VC 2.850±1.139 3.111±1.013** FPG 4.511±.606 4.319±.374** 
R-grip 24.820±8.640 25.981±9.595** FINS 21.085±11.309 7.571±3.230** 
L-grip 23.640±8.040 24.520±8.860** HOMA-IR 4.301±2.733 1.469±.691** 
Sit and Reach 7.200±8.890 12.780±5.970** ISI .014±.008 .037±.015** 
Reaction time .557±.181 .460±.091** HOMA-β 508.848±355.558 238.657±187.075** 
Leg Standing Time 25.650±32.640 42.082±55.924**    
**means P ≤0.01, compared with baseline. 
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Table 3. Before-and-after exercise body Shape, function and quality grouped by genotypes. 

 
Index 

Baseline After 4 weeks 
GG genotype 
(N=74) 

AG genotype 
(N=14) 

GG genotype 
(N=74) 

AG genotype 
(N=14) 

BMI 29.267±4.559 29.204±3.926 26.652±4.270 27.026±3.056 
F% 38.254±7.968 37.543±7.209 31.757±7.285 32.308±5.477 
WHR 0.911±0.068 0.920±0.067 .857±.069 .887±.057 
WC(cm) 91.446±12.497 93.057±11.422 78.356±11.949 82.185±7.576 
VC(L) 2.811±1.140 3.041±1.034 3.087±1.059 3.244±0.724 
Sbp(mmHg) 107.351±11.921 109.214±14.672 102.194±13.999 104.539±8.885 
Dbp(mmHg) 61.351±10.428 61.857±11.428 54.458±9.935 51.308±6.588 
HRrest(b/min) 90.027±13.799 92.286±9.515 81.042±11.192 78.000±9.678 
R-grip 25.036±8.829 23.700±7.760 25.860±9.626 26.654±9.775* 
L-grip 23.882±8.216 22.360±7.200 24.464±8.893 24.858±9.039 
Sit and Reach (cm) 7.514±8.677 5.570±10.130 12.853±6.154 12.278±4.931 
Reaction time (s) .557±.189 .530±.130 .462±.091 .452±.092 
Leg Standing Time  
with Eyes Closed (s) 

25.986±34.525 23.860±20.780 
 

42.625±54.897 39.077±63.640 

*means P ≤0.05, compared with changes in indices with GG Genotype. 

 

Table 4. Linear Regression Model for grip changes with age and gender as covariates. 

 Source F Sig.  Source F Sig. 
 
 

R-grip 

Corrected Model 2.982 .024  
 

L-grip 

Corrected Model 5.168 .001 
Intercept 3.466 .066 Intercept 10.502 .002 
R-grip Baseline .644 .425 L-grip Baseline 1.390 .242 
gender 6.656 .012 gender 16.482 .000 
age 2.608 .110 age 2.093 .152 
@4730153AG 2.929 .091 @4730153AG 1.830 .180 

  
 

Table 5. Before-and-after exercise glucose/lipid metabolism indices grouped by genotypes. 

 
Index 

Baseline After 4 weeks 
GG genotype 
(N=74) 

AG genotype 
(N=14) 

GG genotype 
(N=74) 

AG genotype 
(N=14) 

TG(mmol/l) 1.402±.740 1.862±1.110# .707±.233 .739±.225 
TC(mmol/l) 4.851±1.018 4.739±.979 3.591±.668 3.585±.517 
HDL(mmol/l) 1.256±.206 1.186±.196 1.156±.204 1.101±.153 
HDL/TC .267±.054 .258±.059 0.328±0.061 0.312±0.055 
HDL/TG 1.146±0.616 .921±.546 1.791±0.619 1.633±0.600 
HDL/LDL .466±.124 .443±.103 .575±.132 .535±.112 
LDL(mmol/l) 2.832±.683 2.763±.582 2.082±.451 2.108±.352 
FPG(mmol/l) 4.518±.622 4.550±.361 4.342±.375 4.200±.361 
FINS(IU/ml) 19.907±10.662 23.164±14.243 7.221±2.374 9.377±5.785 
HOMA-IR 4.079±2.679 4.642±2.820 1.407±.516 1.790±1.245 
ISI .015±.009 .014±.010 .036±.015 .032±.013 
HOMA-β 484.934±356.491 498.840±328.876 220.502±178.809 332.226±207.901* 
#means P ≤0.05, Compared with before-exercise index with GG Genotype. 
*means P ≤0.05, Compared with changes in indices with GG Genotype. 
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Table 6. Linear Regression Model for TG basline and HOMA-β changes with age and gender as covariates.  

 Source F Sig.  Source F Sig. 
 
 

Baseline TG 

Corrected Model 6.513 .001  
 

HOMA-β 

Corrected Model 47.250 .000 
Intercept 16.226 .000 Intercept 3.010 .087 
   HOMA-β Baseline 223.627 .000 
gender 13.078 .001 gender .386 .536 
age .002 .962 age .364 .548 
@4730153AG 4.052 .048 @4730153AG 4.457 .038 

 
 

DISCUSSION  
The A allele frequency in this study was ap-

proximately 8%, which was lower than previously 
reported (48% [5]; 41.6% [6]). Difference in race may 
be one explanation for this discrepancy. The subjects 
in Bottcher et al. [5] and in Johansson et al. [6] were 
German and Swedish white Scandinavian popula-
tions respectively, whereas in this present study, 
subjects were from a Han Chinese population. An-
other possible explanation for dissimilar results may 
be the difference in subjects’ age. The two studies on 
obese adults of Scandinavian origin had average ages 
of 59 [5] and 42 [6] respectively, however this present 
study examined children at an average age of 14. Ad-
ditionally, inconsistency in results may be caused by 
differences in gene typing techniques. While the two 
previous studies applied TaqMan allelic discrimina-
tion, ligase detection-polymerase chain reaction 
(LDR-PCR) is used in the present study. 

Serum Visfatin concentration is negatively cor-
related with HDL while positively correlated with 
serum TG in obese populations [13]. This may indi-
cate a dyslipidemia caused by abnormal insulin sen-
sitivity in obese people (higher TG levels and lower 
HDL levels). The significant genotype effect for base-
line TG revealed by this study suggests that Visfatin 
RS4730153 polymorphism is likely to contribute to 
lipid metabolic malfunction and GG genotype may 
decrease the risk of dyslipidemia (Table 5). The results 
presented here therefore disagree with two previous 
studies [14] [6] in which no correlation between lipid 
phenotype metabolism and Visfatin RS4730153 pol-
ymorphism was indicated. This may be caused by the 
differences in subjects. Compared with obese adult 
subjects [6], children and adolescents in this study are 
subject to less environmental influence and medical 
treatments, assuring greater accuracy of the results. At 
the same time, differences in race, gene typing tech-
niques, and control of dietary and physical activity, 
which was not mentioned in another study [14], may 
also result in the disparity. This is the first study that 
indicates Visfatin polymorphism’s involvement in the 

regulation of lipid metabolism. However, no signifi-
cant differences for baseline insulin, glucose level and 
physical variables were found between Visfatin 
RS4730153 genotype groups and this is consistent 
with previous studies.  

The effect of exercise intervention on Visfatin 
level has been shown in both human [8] [9] [10] and 
animal models [15]. The significant improvements in 
body shape, physical functions and quality, and the 
changed in post exercise glucose/lipid metabolism 
revealed in this study demonstrate that 4 weeks’ aer-
obic exercise is an effective approach to combating 
overweight and other obesity-related conditions. De-
spite of the decrease in HDL, the HDL/LDL ratio (a 
more accurate predictor of coronary artery disease 
(CAD) [16]) increased significantly after exercise. 
Compared with studies by Reinehr, et al [17] which 
observed an exercise-induced weight loss program for 
one year, shorter program duration and sedentary 
population chosen for this study may partly explain 
the decrease in HDL levels. 

According to Table 5, the GG group showed a 
more significant change in exercise-induced HOMA-β 
and a larger decrease in insulin levels. Combined with 
the substantial decrease in HOMA-IR after exercise, it 
might indicate that Visfatin rs4730153 GG genotype 
could possibly improve glucose metabolism in obese 
children and adolescents by enhancing insulin sensi-
tivity to exercise. However, the mechanism of the 
change is yet to be studied.  

No previous study has investigated the influence 
of Visfatin rs4730153 polymorphisms on the response 
of physical function and quality variables to aerobic 
exercise training. This study found that the AG gen-
otype group had a significantly higher increase in grip 
strength than the GG (shown in Table 3). While vari-
ous factors may influence an increase in grip strength; 
this study indicated that it is gender rather than gen-
otype that causes the difference (Table 4). 

CONCLUSION 
Visfatin single nucleotide polymorphisms at 

RS4730153 locus exists in obese Han Chinese children 
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and adolescents. Visfatin RS4730153 polymorphisms 
are related to obesity and disorders of glucose and 
lipid metabolism. Homozygous GG genotype may 
adjust glucose and lipid metabolism in obese children 
and adolescents by reducing TG levels in baseline and 
increasing insulin sensitivity to exercise. 
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