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Background: Recent studies have shown that omentin-1 derived from adipokines can affect physiological regulations and some
metabolic dis-eases such as type 2 diabetes mellitus (T2DM). 
Methods: The purpose of this study was to examine the impact of 12 weeks of aerobic (cycle ergometer), resistance, and com-
bined exercises on omentin-1 level, glucose and insulin resistance indices in overweight middle age women with T2DM. In this 
study, 60 overweight middle age diabetic women were selected using simple random sampling and they were assigned to three 
groups of aerobic exercise (n=12), resistant exercise (n=12) and combined exercise (n=13), and one control group (n=15). Exer-
cises were done in a three times per week sessions for a total of 12 weeks. Blood samples were collected before each exercise ses-
sion and 24 hours after of the last session. 
Results: Present study showed that fasting blood sugar decreased significantly in all intervention groups, while homeostasis mod-
el assessment of insulin resistance (HOMA-IR) decreased only in the aerobic and combined exercises groups. Furthermore, there 
was a significant increase in the omentin-1 level only in the combined exercise group. 
Conclusion: Compared to aerobic and resistance exercises, 12 weeks of combined exercise was more efficient in improving 
HOMA-IR and increasing serum omentin-1 among women with T2DM.
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INTRODUCTION

Nowadays, obesity, especially abdominal obesity, as well as in-
crease in body fat layers are considered as one of the main 

problems globally [1]. A wide range of behavioral, genetic, bio-
logical, and environmental factors can lead to obesity [2]. Obe-
sity is strongly associated with chronic cardiovascular disor-
ders and type 2 diabetes mellitus (T2DM) during the middle-
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age and the old age [1]. Even though people with obesity, 
T2DM or metabolic syndromes may encounter variety of 
problems while doing exercises, but they are often advised to 
do exercise as a non-pharmacological treatment for losing 
weight [3]. A previous research has shown that a decrease in 
peripheral insulin resistance during exercise leads to increase 
in peripheral glucose uptake, while liver glucose production 
remains the same. A significant insulin resistance in muscle 
has been reported in T2DM [4]. In patients with this condi-
tion, an increase in glucose absorption which takes place dur-
ing exercising shows that insulin resistance does not necessari-
ly lead to prevention of blood glucose absorption in cells. Insu-
lin resistance decreases the capability of insulin to stimulate 
the absorption and to save up glucose, as well as to decrease the 
glucose production by the liver [4].

Recently, it was discovered that the adipose tissue is an active 
endocrine tissue which secretes a large amount of active inter-
mediates such as adipokine, which plays a significant role in 
energy homeostasis, in addition to, regulating the blood pres-
sure, glucose and fat metabolisms [5-7]. Omentin-1, a recent-
ly-recognized adipokine which is expressed in the visceral adi-
pose tissue, is synthesized and secreted within the adipose tis-
sue vessels stem cells. The omentin-1 can play a role to increas-
es glucose transfer in the adipose tissue carried out by insulin. 
Omentin-1 might play either a paracrine or an endocrine role 
in regulating the insulin sensitivity. Furthermore, omentin-1 is 
involved in regulating energy metabolism and distribution of 
body fat. Some scientists have suggested that, serum omen-
tin-1 level decreases with obesity and insulin resistance. In fact, 
obesity and insulin resistance associated with this decreases, 
can reduce gene expression [8-10]. Furthermore, a decrease in 
omentin-1 serum level can contribute to insulin resistance [9]. 
Indeed, insulin resistances which results from obesity can re-
duce omentin-1 gene expression [10].

Diabetes has been associated with a reduction in the omen-
tin-1 level. Gursoy et al. [11], demonstrated that omentin-1 
levels were considerably lower in those with T2DM in com-
parison with a healthy control group. They showed that insulin 
resistance greatly reduced omentin-1 levels. At the same time, 
Pan et al. [12], indicated that omentin-1 level increased after 
weight loss. 

Another study has suggested that serum omentin-1 level was 
lower in patients with impaired glucose regulation and those 
with T2DM in comparison with normal glucose level partici-
pants [12]. It was further shown that omentin-1 level had a neg-

ative correlation with body mass index (BMI), fasting insulin, 
homeostasis model assessment of insulin resistance (HOMA-
IR), and plasma glucose [13].

In addition, physical activities have been suggested to play a 
role in controlling the omentin-1 level. For instance, Saremi et 
al. [14], investigated the effects of 12 weeks of aerobic exercise 
(AE; five sessions per week) on 18 obese men. The results 
showed an increase in cytokine/adipokine level, as well as a de-
crease in insulin resistance [14].

With regard to our knowledge about the effect of physical 
activity, this study was conducted in order to distinguish be-
tween the effects of aerobic, resistant exercise (RE) and com-
bined exercise (CE) on the plasma omentin-1, HOMA-IR and 
body composition in middle age overweight diabetic women. 
The primary hypothesis of the study was significant differences 
in the change of HOMA-IR from the baseline to the end of 
three interventions and the control group. The secondary hy-
pothesis was a significant change in plasma omentin-1.

METHODS 

This randomized controlled trial study was conducted from 
February to April 2013 (approval state of IR.SUMS.REC. 
1395.192). The study population comprised of women with 
T2DM (using simple random sampling) who were visiting 
public clinic (Emam Reza Clinic) running by Shiraz University 
of Medical Sciences. 

The inclusion criteria were: having been suffering from 
T2DM (fasting blood sugar ≥126 mg/dL and 2-hour post-
prandial blood glucose ≥200 mg/dL) [15] for at least 2 years, 
being female, aged 45 to 60 years, not being diagnosed with 
any other diseases, patients were contacted by a phone call and 
were invited to participate into the study. During the phone 
call, after a brief explanation of the aims and protocol of the 
study, those interested were invited for the first visit during 
which they became fully aware of the study protocol and inter-
ventions.

All volunteers were examined by a general physician to as-
sure that the intervention would not endanger patients. All 
participants gave their written informed consent. Group as-
signment: patients were divided into four groups each consist-
ing of 15 participants. A group (control group) received no in-
tervention and three groups underwent ‘AEs,’ ‘REs,’ group, and 
‘CEs’ groups. 

For those in AE group, each exercise session consisted of 
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three phases of warm up, the main stage and a cool-down peri-
od. The warm-up phase comprised of 20 minutes of stretching 
and jogging. The main phase of the study was consisted of 25 
minutes exercise in order to achieve 50% to 55% of maximum 
heart rate as measured by cycle ergometer. Running, exercise 
and stretching made up the cooling-down phase.

Each phase in the RE group had three sessions per week 
which consisted of three phases of warm-up, the main, and 
cooling-down. The warm-up involved 20 minutes of stretching 
exercises and jogging on the spot. The main phase consisted of 
three sets×eight repetitions of weight training including leg 
extension, prone leg curl, abdominal crunch, biceps, triceps, 
and seated calf. The exercise intensity was 50% to 55% of one 
repetition maximum (RM) or 1 RM. The cooling-down also 
consisted of running, free exercises and stretching. 

The group with CEs had the same schedule of other groups 
for warm-up and cooling-down. The main phase consisted of 
aerobic training integrated with RE, with half the execution 
time and the same intensity of resistance and aerobic groups. 
The trainings programs were performed within three sessions 
per week for 12 weeks. Every 2 weeks, in all exercise groups 
training was increased by 5 minutes and the intensity by 5%. 
The average intensity of main stage in every exercise group was 
5.5 metabolic equivalent of task (MET) in first week and in-
creased to 7.1 MET at the end of the study.

Weight and height were measured and BMI was calculated 
using the following formula: BMI=weight (kg)/height (m2). In 
addition, body composition measurements (body fat percent-
age and skeletal muscle mass) were defined using body imped-
ance analyzer (BOCA; MECA, Seoul, Korea) in sleeping posi-
tion and normal hydration state. Moreover, before interven-
tion, 5 mL blood samples were taken after 12 hours of fasting 
and the serum samples were separated using a centrifuge. The 
samples were frozen at –70° degrees centigrade until the time 
of serum analysis and omentin-1 and plasma glucose were 
then measured. Serum omentin-1 and fasting insulin concen-
trations were determined using enzyme-linked immunosor-
bent assay kits (Cristal day biotech, Shanghai, China) and 
(Monobind, Aachen, Germany). Fasting plasma glucose was 
measured using glucose kit (Pars Azmoon, Tehran, Iran) 
through the photometric method. Insulin resistance was deter-
mined through homeostasis model evaluation (HOMA-IR) 
and based on the following equation: HOMA-IR=[fasting glu-
cose (mg/dL)×fasting insulin (mU/L)/405].

Test groups performed exercises for 12 weeks, while the con-

trol group did not. At the end of this period, blood samples 
were collected again as a post-test measurement of the depen-
dent variables was performed. Primary criterion was the sig-
nificant increase in serum omentin-1 concentration after 12 
weeks training program. The sample size was calculated based 
on results of Wilms et al. [16], study.

STATA version 12 (STATA Corp., College Station, TX, USA) 
was used to analysis the data. Sample size was calculated to de-
tect at least 1.5 units difference between groups in change of 
HOMA-IR from pre- to post- (12 weeks) measures with an as-
sumed standard deviation of about the same size of difference 
(1.5 units), alpha value of 0.05 and a power of 80%. In order to 
compare the effects of each method of exercise on the absolute 
differences between pre and post-intervention measures of de-
pendent variables, analysis of variance was used. Post hoc mul-
tiple comparison analysis (Tukey test) was applied to compare 
groups differences. Statistical analysis was conducted assuming 
two-sided 5% level of significance.

RESULTS

After completion of intervention, data of 52 participants (con-
trol group 15, AE group 12, RE group 12, and CE group 13) 
were analyzed (completion [response rate], 83%). Eight partic-
ipants (17%) were excluded due to the fact that they either did 
not complete the exercises training or they refused to provide 
the post-test blood samples (Fig. 1). After excluding those par-
ticipants, the results of statistical analyses showed that there 
were no significant differences in baseline measures of the 
study variables between the groups (Table 1).

In comparison to the baseline measures, the interventions 
caused significant reduction in weight and BMI within RE and 
CE groups. However, these changes in the measures were not 
statistically significant when compared to the control group 
(Table 2). No significant change was found between the AE 
group and the control group regarding omentin-1 levels (Fig. 
2), results of comparing changes of study variables (i.e., 
∆HOMA-IR, or ∆omentin level between groups) was shown 
in Table 2. It was also revealed that changes in omentin-1 were 
not significant when RE group was compared to the control 
group (P=0.76). However, change in omentin-1 level in the CE 
group was significantly higher after intervention was com-
pared to the baseline measurements (21.00 to 48.82; P=0.001). 
Furthermore, the results of the study showed that after 12 
weeks of training sessions, serum omentin-1 was significantly 
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higher in the CE group in comparison to the other groups.
Comparing to the baseline levels, serum glucose was de-

creased among all groups at the end of the study. However, 
comparing the intervention arms with the control group sug-
gested a significant reduction in glucose concentration among 
the intervention groups. Regarding insulin resistance index, a 
significant difference was observed between aerobic and con-

trol groups (Fig. 2). In addition, after 12 weeks of AE and RE, 
HOMA-IR was decreased significantly among CE group com-
pared to the control group, no significant difference was ob-
served between resistance and the control group in this regard.

Results suggested that body fat percentage decreased in AE 
and CE groups after 12 weeks of exercise but this reduction was 
significant only in CE group. Finally, bivariate correlation be-

Table 1. Baseline characteristics of the participants 

Characteristic Control (n=15) Resistance (n=15) Aerobic (n=15) Combination (n=15) P valuea

Height, cm 153.18±5.86 157.65±3.43 155.75±6.57 155.18±5.32 0.64

Weight, kg 68.65±7.45 72.44±6.37 72.64±12.89 69.79±6.11 0.82

BMI, kg/cm2 28.15±3.72 29.11±1.92 30.03±5.48 29.01±2.57 0.85

Body fat, % 35.35±5.12 36.41±3.05 37.03±4.22 36.29±3.98 0.74

Muscle, kg 40.17±4.56 41.75±3.95 41.74±5.16 40.18±3.86 0.92

Glucose, mg/dL 181.87±12.20 169.80±22.64 172.20±18.14 170.00±21.25 0.50

Insulin, μIU/mL 12.70±3.39 14.43±3.09 13.25±3.92 12.16±3.62 0.47

HOMA-IR 5.66±1.37 5.94±0.98 5.50±1.2 4.97±0.98 0.26

Omentin, ng/mL 24.17±5.75 29.00±4.90 27.67±7.60 31.90±4.12 0.74

Values are presented as mean±standard deviation.
BMI, body mass index; HOMA-IR, homeostasis model assessment of insulin resistance.
aAnalysis of variance.

Allocation

Follow-up

Analyze

500 Assessed for eligibility

60 Randomized assigned

1�5 Allocated to aerobic  
group

1 �Discontinued  
intervention

Reason: 1 lost to follow-up

12 Analyzed
2 Excluded from analysis
R�eason: 2 did not  

complete exercise

1�5 Allocated to  
control group

0 �Discontinued  
intervention

15 Analyzed

1�5 Allocated to resistant  
group

2 �Discontinued  
intervention

R��eason: 1 lost interest, 
1 lost to follow-up

12 Analyzed 
1 Excluded from analysis
R�eason: 1 did not 

complete exercise

1�5 Allocated to  
combination group

2 �Discontinued  
intervention

R�eason: 1 lost to follow-up, 
1 travel

13 Analyzed
0 Excluded from analysis

440 Excluded
402 Not meeting inclusion criteria
38 Declined to participate

Fig. 1. Study flow diagram.
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tween serum omentin-1, HOMA-IR and BMI showed that 
omentin-1 level is inversely associated to HOMA-IR (P=0.001), 
body fat percentage (P=0.004), and BMI (P=0.021) (Table 3).

DISCUSSION

The present study suggested that glucose level decreases after 
12 weeks of AE, RE, and CE. These changes were bigger among 
the participants in the CEs group. Also, compared to the con-
trols, insulin resistance index decreased significantly in the 
aerobic and combined groups. Furthermore, the combined 
group had significant elevation in omentin-1 serum level.

In another study, it was shown that vigorous exercise is more 
effective in improving glycemic and lipid profiles than AE 
among patients with T2DM [17]. Other studies reported that 
CE (aerobic plus resistance) are more effective in reducing A1c 
and increasing insulin sensitivity [3].

Present study showed that the strongest effect of exercise on 
reducing insulin resistance was observed when the partici-
pants did both types of exercises. Jorge et al. [18], also reported 
similar findings. Accordingly, diabetic patients who did resis-
tance and combined resistance and AEs experienced an in-
crease in insulin receptor substrate 1 (IRS-1) expression.

Omentin-1 level in diabetics is lower than that of healthy in-
dividuals [13]. In a study by Pan et al. [12], changes in serum 
omentin-1 were measured in 46 patients with impaired glu-
cose tolerance (IGT), 55 T2DM, and 50 participants with nor-
mal glucose tolerance (NGT). The results showed that serum 
omentin-1 level was lower in IGT and T2DM groups when 
compared to NGT group Abd-Elbaky et al. [19], reported that 

decrease in omentin-1 level was related to pathogenesis of 
T2DM. Bremer and Jialal [20] suggested that plasma level of 
omentin-1 among patients with metabolic syndrome was con-
siderably lower than healthy individuals. These findings are in 
accordance with the results of present study in which changes 
in serum omentin-1 were negatively associated with insulin re-
sistance.

It seems that exercise can lead to an increase in the omen-
tin-1. In a similar study, the effect of 12 weeks of AE (five ses-
sions a week) on 18 obese men was examined. It was shown 
that increase in omentin-1 had a positive effect on the omen-
tin-1 levels of the participants via considerable reduction in 
weight [14]. In the present study, body fat percentage decreased 
significantly only in CE group. It has been previously pointed 
out that combination of aerobic and resistance training is more 
efficient in reduction of visceral fat than each exercise alone 
[21,22]. In addition, as Moreno-Navarrete et al. [13] reported, 
decrease in visceral adipose tissue could lead to increase in 
omentin-1 gene expression. It could be the reason for the in-
crease in serum omentin-1 in CE group.

In the present study, all of the training groups experienced 
significantly decrease in glucose level, but only AE and CE had 
reduced HOMA-IR after 12 weeks of exercise. Davidson et al. 
[23] in their study on 136 older obese participant which un-
derwent aerobic, resistance, or combination training for 6 
months have reported similar results. They observed improve-
ment in HOMA-IR in aerobic and combination groups. It has 
been previously stated that reduction in visceral and abdomi-
nal fat is a key linkage between exercise and insulin resistance 
improvement [24,25]. As this study showed, after 12 weeks of 

Fig. 2. Changes of (A) homeostasis model assessment of insulin resistance (HOMA-IR) and (B) serum omentin-1 before and af-
ter 12 weeks training intervention based on analysis of variance. RE, resistance exercise; AE, aerobic exercise; CE, combined exer-
cise. aP<0.05 compare with control, bP<0.05 compare with resistance, cP<0.05 comparison with aerobic.
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exercise body fat percentage reduced only in aerobic and com-
bination groups; hence, it is may partly justified why we saw 
HOMA-IR reduction in AE and CE but not RE.

In conclusion, 12 weeks of aerobic and combination of AE 
and RE programs in diabetic women caused significant im-
provements in HOMA-IR. Moreover, significant increase in 
serum omentin-1 was observed with reduction of body fat in 
CE group. It seems that resistance and aerobic types of exercise 
can be used to improve insulin sensitivity and the omentin-1 
level amongst diabetic patients.
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