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Abstract
Vaspin as a novel adipokine has insulin-sensitizing effects, which may be associated with de-
creased blood glucose concentration. In this study, we aimed to investigate the effects of re-
sistance exercise training on plasma vaspin concentrations and its relation to plasma levels 
of insulin and glucose in patients with type 2 diabetes (T2D).  In a quasi-experimental study, 
18 male patients with T2D (mean age, 48.50 ± 7.73 years, mean weight, 79.41 ± 12.60 kg) 
were divided into 2 groups as follows: control (n=9), and resistance training (RT; n=9) groups. 
Resistance training was performed 3 times weekly for 8 weeks. Anthropometric, metabolic 
parameters and plasma vaspin levels were measured at baseline and at the end of study. 
Within-group data were analyzed with the paired t test, and between-group effects were ana-
lyzed with the independent t test. Waist-hip ratio (WHR), glucose, insulin of plasma and insulin 
resistance [homeostasis model assessment of insulin resistance (HOMA-IR) score] were all 
significantly decreased, whereas levels of vaspin and plasma lipids [cholesterol, triglycerides 
(TG), high-density lipoprotein (HDL), low-density lipoprotein (LDL) and very low-density lipo-
proteins (VLDL)] showed no significant changes in RT group as compared with the related 
values of control groups. Serum vaspin levels did not correlate with anthropometric and meta-
bolic parameters at the assigned times. Our findings suggest that 8-week of resistance training 
significantly improved insulin resistance index; however, this form of exercise failed to result in 
significant changes in serum vaspin concentration and lipid profiles. Further research is needed 
to investigate the role of vaspin in human physiology and to elucidate the effect(s) of exercise 
intervention on serum vaspin concentrations (Registration Number: IRCT2013060911772N1). 
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Clinical studies have shown that loss of muscle 
mass in individuals with type 2 diabetes (T2D) in-
creases the risk of developing glucose intolerance 
(1). Also, patients with T2D often experience in-
creases in adipose tissue (2). On the other hand, 
adipose tissue is a metabolically endocrine organ 
that secretes adipocytokines (3).

Vaspin identified as a visceral adipose tissue-
derived serine protease inhibitor is a novel adipo-

cytokine that has been suggested as a compensa-
tory factor against the insulin resistance state of 
metabolic syndrome (3). It has been suggested 
that vaspin levels are related to systemic insulin 
resistance, indicating possible contribution to the 
pathogenesis of diabetes (4). Youn et al. (4) re-
ported that vaspin levels are higher in individu-
als with impaired insulin sensitivity. Oberbach et 
al. (5) observed a significant reduction in serum 



          CELL JOURNAL(Yakhteh), Vol 16, No 3, Autumn 2014 368

Resistance Training and Type 2 Diabetes

vaspin concentrations after an hour acute exercise 
bout as well as after 4 weeks of training, concluding 
exercise-induced oxidative stress reduces vaspin se-
rum concentrations, but this type of exercise fails to 
make any improvement in insulin sensitivity. How-
ever, the effects of insulin resistance and lipid profile 
changes, induced by resistance training (RT) exercise, 
on plasma vaspin concentrations in patients with T2D 
are yet unclear. Thus, the aim of the present study was 
to investigate the effects of RT exercise on vaspin and 
lipid profile levels and to evaluate the possible rela-
tionship between metabolic parameters and plasma 
vaspin concentrations in patients with T2D.

Eighteen adult men with T2D participated in this 
quasi-experimental study. Subjects were assigned 
to RT group (mean age, 47.60 ± 7.7 years; mean 
weight=79.5 ± 15.4 kg, n=9) and control group (mean 
age, 49.62 ± 8.05 years, mean weight=79.3 ± 8.8, 
n=9). This study was approved by the Ethics Com-
mittee of Islamic Azad University of Sari Branch. 
Furthermore, all participants signed an informed 
consent form. Subjects were excluded if they had a 
known history of stroke or transient ischemic attack, 
uncontrolled hypertension, severe dyslipidemia, acute 
or chronic inflammatory disease, or any other serious 
diseases. To reduce drug effects, we selected subjects 
with glycated hemoglobin values under 9% who re-
ceived over 1,000 mg of metformin per day, and drug 
dosages were maintained throughout the study. Before 
initiating the tests, the participants underwent famil-
iarization sessions and participated in one-repetition 
maximum (1-RM) test. To estimate the 1-RM, three 
days prior to the experiment, participants underwent 
1-RM test for the following exercises: bench press, 
butterfly, lat pull-down, biceps curl, triceps extension, 
seated rowing, knee flexion, knee extension, and heel 
raise (6).

The RT groups participated in an 8-week (on 3 non-
consecutive days per week) of supervised circuit re-
sistance exercise program. The programs were com-
posed of three following steps: warm-up for 10-15 
minutes, circuit resistance exercise for 45-60 minutes, 
and cool down for 10 minutes. Resistance exercise 
program consisting of 10 isotonic exercises with 50-
80% of 1-RM were performed in a circuit. During the 
first and fourth weeks of training, the resistance was 
set at 50-70% of each individual’s 1-RM with 8-15 
repetitions of each exercise movement within 45-60 
seconds. Thereafter, the goal was to achieve between 
70-80% of the current 1-RM with 8-10 repetitions of 
each exercise movement within 45-60 seconds. The 
participants performed 3 circuits of 10 exercises per 
session of training. The intervals between each ex-

ercise were 30-60 seconds and between each circuit 
was 120-180 seconds. Ten exercises were used for 
training (7, 8).  Blood samples were collected in the 
morning after the 12-hour overnight fast, before and 
after an 8-week of exercise program. Plasma vaspin 
levels were determined with vaspin enzyme-linked 
immunosorbent assay (ELISA) kit (Cusabio Biotech, 
Wuhan, China). Serum triglyceride (TG), total cho-
lesterol (TC), high density lipoprotein (HDL), and 
very low density lipoprotein (VLDL) were meas-
ured by an enzymatic photometric analyzer (Pars 
Azmoun, Tehran, Iran), while low density lipopro-
tein (LDL) was determined using a modified version 
of the Friedewald formula (FF) (9). Plasma glucose 
was determined using glucose oxidase-peroxidase/4-
aminoantipyrine (GOD-PAP) method (Pars Azmoun, 
Tehran, Iran). Serum insulin concentrations were 
determined by ELISA kit (Mercodia, Uppsala, Swe-
den). Hemoglobin A1C (HbA1C) levels were meas-
ured by enzymatic and chromatographic methods 
using commercial kits (Bio-system S.A., Germany). 
Insulin resistance was determined by calculating the 
homeostasis model assessment of insulin resistance 
(HOMA-IR) score using the following formula (8):

 
HOMA-IR=[Insulin (U/l)×Fasting blood glucose 
(mmol/l)] / 22.5

All data were expressed as mean ± standard devia-
tions (SD) and were analyzed using Statistical Package 
for the Social Sciences (SPSS, SPSS Inc., Chicago, 
IL, USA) version 15.0. The differences between two 
groups were examined by an independent samples t 
test, while the before and the after comparisons within 
group were performed using paired t-tests. The rela-
tion between variables was assessed using Pearson’s 
method. A p value under 0.05 was considered statisti-
cally significant in the interpretation of the results.

Metabolic parameters, vaspin levels, anthropomet-
ric and muscle strength performance characteristics 
of all participants are demonstrated in tables 1 and 
2, at baseline and at the end of study. There are no 
significant differences between two groups regard-
ing anthropometric characteristics, muscle strength 
performance, metabolic parameters (TC, TG, HDL, 
LDL, VLDL, and HbA1C), and vaspin levels (Tables 
1, 2). Since glucose, insulin and HOMA-IR levels de-
creased significantly, there are significant differences 
regarding these values between two groups.

Also, our findings confirmed that there is no cor-
relation between vaspin levels with insulin sensi-
tivity, glucose tolerance and lipid profiles in pre- 
and post-exercise, shown in table 3.
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Table 1: Anthropometric and muscle strength performance characteristics before and after 8 weeks of training programs 
P value8 weeksBaselineGroupVariables

--47.60 ± 7.7RTAge (Y)
--49.62 ± 8.05Control

Anthropometric  measurement
--169.19 ± 7.95RTHeight (cm)
--172.81 ± 6.45Control

0.9380.4 ± 14.479.5 ± 15.4RTWeight (kg)
80.3 ± 9.179.3 ± 8.8Control

0.3826.9 ± 4.528.0 ± 4.9RTBMI (kg/m2)
26.4 ± 3.726.3 ± 3.7Control

0.2723.1 ± 3.222.1 ± 3.0RTBFP (%)
23.3 ± 4.624.5 ± 4.4Control

0.05 **0.86 ± 0.22 *0.91 ± 0.22RTWHR
0.75 ± 0.090.75 ± 0.09Control

0.04 **32.08 ± 1.41 *26.16 ± 1.15RTVO2max  ( ml/kg/min)
27.40 ± 1.3929.53 ± 1.17Control

Muscle strength performance

0.00 **84.4 ± 10.7 *51.4 ± 8.4RT1-RM bench press (kg)
36.7 ± 3.949.48 ± 27.7Control

0.00 **85.3 ± 12.5 *64.4 ± 9.5RT1-RM knee extension (kg)
56.1 ± 6.851.4 ± 14.9Control

0.00 **94.1 ± 13.2 *73.4 ± 16.6RT1-RM lat pull-down (kg)
45.6 ± 3.8 *42.9 ± 4.5Control

0.04 **85.3 ± 12.5 *64.4 ± 9.5RT1-RM triceps extension (kg)
56.1 ± 6.851.4 ± 14.9Control

0.00 **179.3 ± 32.4 *132.3 ± 33.3RT1-RM heel raise (kg)
121.1 ± 10.7 *115.3 ± 13.9Control

0.1085.3 ± 12.5 *59.3 ± 5RT1-RM arm curl (kg)
71.5 ± 20.960 ± 1.51Control

0.00 **92.8 ± 6.5 *65.5 ± 9.4RT1-RM butterfly (kg)
58.6 ± 2.856.9 ± 3.2Control

0.00 **91.5 ± 9.6 *53.6 ± 10.2RT1-RM knee flexion (kg)
58.3 ± 6.158.6 ± 2.2Control

0.00 **43.4 ± 8.6 *26.5 ± 12.1RT1-RM crunch
23.3 ± 6.221 ± 3.9Control

0.10133.3 ± 10.5 *108 ± 14RT1-RM seated rowing (kg)
93.3 ± 6.2 *79 ± 19.9Control

The values are presented as mean ± standard deviation (SD). *; Significant differences within groups at (p≤0.05) show, **; 
Significantly differences between groups (p≤0.05) show, BMI; Body mass index, BFP; Body fat percentage, WHR; Waist-hip 
ratio and 1-RM; One-repetition maximum.
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Table 2: Metabolic parameters and vaspin levels before and after 8 weeks of training programs
P value8 weeksBaselineGroupVariables

0.380

283.40 ± 133.67319.50 ± 75.75RT

Vaspin (ng/ml)
391 ± 194.72353.75 ± 31.90Control

0.72

171.10 ± 37.91180 ± 55.51RT

TC (mg/dL)
160.87 ± 28.33176.50 ± 31.78Control

0.08

174.9 ± 84.60175.80 ± 72.44RT

TG (mg/dL)
132.87 ± 44.99196.75 ± 75.24Control

0.72

42.80 ± 8.87 *39.20 ± 9.65RT

HDL-C (mg/dL)
41.93 ± 8.2140.25 ± 12.63Control

0.39

88.60 ± 28.7283.40 ± 26.95RT

LDL-C (mg/dL)
106.50 ± 22.3692 ± 23.07Control

0.08

34.98 ± 16.9235.16 ± 14.48RT

VLDL-C (mg/dL)
26.57 ± 8.9939.35 ± 15.04Control

0.040 **

164.40 ± 48.26187.40 ± 42.06RT

FBS (mg/dL)
159.12 ± 27.22153.25 ± 24.24Control

0.021 **

8.12 ± 3.78 *16.77 ± 13.14RT

Insulin (μU/mL)
20.62 ± 12.6717.78 ± 5.77Control

0.011 **

3.32 ± 1.87 *7.77 ± 6.43RT

HOMA-IR
8.15 ± 5.376.93 ± 3.16Control

0.07

8 ± 1.258.33  ±1.73RT

HbA1C (%)
8.6 ± 1.357.58 ± 1.51Control

The values are presented as mean ± standard deviation (SD). *; Significant differences within groups at (p≤0.05) show, 
**; Significantly differences between groups (p≤0.05) show, TC; Total cholesterol, TG; triglycerides, HDL-C; High-density 
lipoprotein cholesterol, LDL-C; Low density lipoprotein cholesterol, VLDL-C; Very low density lipoprotein cholesterol,  FBS; 
Fasting blood sugar, HOMA-IR; Homeostasis model assessment of insulin resistance and HbA1C; Hemoglobin A1C.
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Table 3: Pearson’s correlation coefficients between plasma vaspin concentration and other parameters at baseline and end of 
programs

After 8 weeksBaselineVariables

P valuerP valuer

0.2250.3010.310.903Body weight (kg)

0.5940.1350.1770.482BMI (kg/m2)

0.3190.1970.2130.397BFP (%)

0.6600.1110.1220.630WHR

0.1900.4510.24440.328TC (mg/dL)

0.2370.3440.1280.611TG (mg/dL)

0.2140.3940.3620.140HDL-C (mg/dL)

0.3970.1020.4370.070LDL-C (mg/dL)

0.2910.2410.1280.611VLDL-C (mg/dL)

0.4330.1970.2430.331FBS (mg/dl)

0.3100.2530.2950.235Insulin (mU.L)

0.2820.2680.1880.455HOMA-IR

0.1610.3450.9030.732HbA1C

BMI; Body mass index , BFP; Body fat percentage , WHR; Waist-hip ratio, TC; Total cholesterol, TG; triglycerides, HDL-C; High-
density lipoprotein cholesterol, LDL-C; Low density lipoprotein cholesterol, VLDL-C; Very low density lipoprotein cholesterol, 
FBS; Fasting blood sugar, HOMA-IR; Homeostasis model assessment of insulin resistance and HbA1C; Hemoglobin A1C.

In the current study, we found a significant 
improvement in insulin resistance without any 
changes in vaspin and lipid profile concentration. 
Vaspin circulating levels are likely to reflect its 
expression in the adipose tissue, while there are 
several reporters shown vaspin is sex- dependent 
and its level is related to body mass index (BMI), 
to parameters of insulin sensitivity, and to glucose 
metabolism in humans (3). Kloting et al. (10) re-
ported that vaspin mRNA expression is higher in 
diabetic patients than in NGT individuals. How-
ever, no difference was found in serum vaspin 
level between diabetic patients and normal glucose 
tolerance (NGT) subjects in other studies (4, 11). 

Youn et al. (4) reported that physical training for 4 
weeks in untrained individuals (men and women) 
causes increased serum vaspin concentrations with 
weight loss. On the other hand, Oberbach et al. (5) 
reported a significant reduction in serum vaspin 
concentrations after one hour acute aerobic exer-
cise bout in healthy young men, concluding exer-
cise-induced oxidative stress reduces vaspin se-
rum concentrations. However, the result from the 
current study is in agreement with recent studies in 
which they found no changes in vaspin concentra-
tion after lifestyle modification in adults (12). To 
our knowledge, only Oberbach et al. (5) has inves-
tigated response of vaspin after an acute bout of 
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exercise. It seems that the differences between the 
results found in the present study and those report-
ed by Oberbach et al. (5) may be related to the type 
of exercise (resistance vs. endurance), suggesting 
that vaspin serum concentrations are decreased by 
exercise-induced oxidative stress, confirmed by 
present study. Also, it seems that it could be due 
to difference in age of participants of these studies. 
Different growth stages (ages) could affect levels 
of growth hormone (GH). In a study by Gonzalez 
et al. (13), they have shown that circulating GH 
concentrations increased vaspin circulating levels 
and its expression. Knowing that most of our sub-
jects are elderly men with large variation in GH 
levels, this could explain the large variation of 
vaspin levels between two groups.

In agreement with previous studies about mid-
dle-aged patients with T2D (14, 15), in this study, 
our training program induced a marked increase 
in HDL levels in RT group without any significant 
modification in other variables of the lipid profile. 
RT is recommended by the American College of 
Sports Medicine (16) and the American Diabetes 
Association (17) as an effective tool to prevent and 
to treat metabolic diseases. Low HDL and high TG 
levels have been reported in males with T2D (18, 
19).  Also, T2D patients with serum TG above 2.3 
mmol/l have a 2-fold increased risk of coronary 
heart disease (CHD) (19). In addition, low levels 
of  physical  activity  and  cardiorespiratory fitness 
are  independent risk  factors of CHD  in  the  gen-
eral  population. Improvement in physical fitness 
has been shown to induce health benefits in term 
of morbidity, mortality and improvement in CHD 
risk factors such as visceral adipose tissue and 
hypertriglyceridemia (20). There is also a 2-year 
study showing a slight increase in HDL-cholester-
ol levels with exercise, but its mechanism is yet 
unknown (21). Those studies showing increased 
HDL generally involved more rigorous training 
regimens (22, 23), although there is some disa-
greement on this point as well (24). To consider 
the fact that our study demonstrated an increase 
in HDL level in the treatment group, our findings 
indicates that our subjects may exercise at high 
intensity. Although there is some suggestion that 
men with low HDL levels are less likely to respond 
to training than men with higher HDL levels (25), 
our data support this concept.

In the current study, we found a significant im-

provement in insulin resistance without any 
changes in vaspin concentration. Insulin resist-
ance means an impaired biological response to 
insulin by one or more of its target tissues, lead-
ing to a reduction in glucose disposal rate (8). 
Relationship between exercise training with 
prevention and management of T2D has a long 
history (26). Earlier studies suggested that re-
sistance training, similar to endurance training, 
could improve insulin resistance as well (8, 26). 
It is reported that physical activity increases the 
amount of GLUT4 which is associated with glu-
cose uptake in skeletal muscle tissue (26). The 
results of the present study show that after re-
sistance exercise, plasma levels of glucose and 
insulin significantly decreased. In the study con-
ducted by Jurimae et al. (27), they observed no 
changes in insulin concentrations after 6,000 
m rowing ergometer test in highly trained male 
rowers, while glucose levels were significantly 
increased after the exercise and decreased after 
the first 30 minutes of recovery. In another study, 
Jamurtas et al. (28) reported that after 45 min-
utes of sub-maximal aerobic exercise with 65% 
of maximal oxygen consumption, overweight 
males showed an increase in insulin sensitivity 
and a significant decrease in insulin concentra-
tion, only immediately after exercise. There is 
considerable inter-individual variability in the 
metabolic response to resistance exercise and the 
concomitant changes in glucose and insulin dy-
namics (29, 30).

In conclusion, this study showed that RT sig-
nificantly decreased levels of glucose, insulin and 
HOMA-IR in elderly patients with T2D. However, 
this form of exercise failed to result in significant 
changes in serum vaspin concentration and lipid 
profiles. We found no association between chang-
es in serum vaspin concentrations and changes in 
plasma levels of insulin and glucose to confirm the 
possible role of vaspin as a regulator of glucose 
metabolism. Further studies are needed to inves-
tigate the role of vaspin in human physiology and 
to elucidate the contradictory results regarding the 
effect(s) of exercise intervention on serum vaspin 
concentration.

The current study has some limitations. The 
study population was relatively small; however, 
the study had sufficient power to detect the influ-
ence of RT complications on serum vaspin levels. 
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Furthermore, a group of men were only included 
in our study, so we were not able to extrapolate the 
conclusions to the entire population. Finally, short 
exercise intervention with no long term follow-up, 
no specific diet, and no changes in other lifestyle 
associated physical activity were included in our 
exercise training period.
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