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Abstract

Aim: The purpose of this study was to determine the effects of aerobic, resistance, and combined exercise
on serum levels of adiponectin, CTRP9 and glycemic indexes in patients with T2DM. Methods: Sixty men
with T2DM (mean age [X+SD]=51.45+4.26 years; body mass index: 31.52+1.01 kg/m?) were randomly
assigned to combined exercise group (CEx: n = 15), aerobic exercise group (AEx: n = 15), resistance
exercise group (REx: n = 15), and the control group (CON: n= 15). Exercise programs consisted of aerobic
exercises at either AEx (50% - 75% of HRR) and REx (40% - A+ % of 1-RM), with equal volume, 3 times
per week, 60 minutes per session for 12 weeks. Serum levels of adiponectin, CTRP9, fasting blood glucose
(FBG), insulin, Insulin resistance (IR) were measured at baseline and at the end of the study. The data were
analyzed using repeated-measures analysis of variance at a level less than 0.05. Results: After 12 weeks
intervention, serum adiponectin and CTRP5 levels increased significantly, whereas the FBG, insulin,
HOMA-IR and BMI levels decreased significantly in the CEx, AEx and Rex groups compared to the control
group (P <.05). Conclusion: The present findings showed that 12-weeks of combined exercise has greater
anti-inflammatory effects than aerobic or resistance exercise causing a significant decrease in FBG, insulin
and IR and a higher increase in anti-inflammatory adipokines such as adiponectin and CTRP9 levels in
T2DM.
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Extended abstract
Background

Adipokines are bioactive substances secreted from adipose tissue that are important mediators in various metabolic
processes such as glucose absorption, insulin signaling and fatty acid oxidation (1). The main adipokines such as
adiponectin, omentin, leptin and resistin are closely related to type 2 diabetes and cardiovascular complications (1-2).
Adiponectin is a main adipokine that is secreted from adipose tissue and has attracted the attention of many researchers
due to its anti-inflammatory and metabolic properties that show a protective role in the development of diabetes (3). In
addition, although adiponectin reduces the secretion of inflammatory cytokines, improves insulin sensitivity and prevents
cell growth and angiogenesis, it is considered a downstream regulator in obesity (4). Animal and experimental studies
have shown that adiponectin improves insulin sensitivity, therefore, it may prevent the development of type 2 diabetes
(3). The few epidemiological studies reported to date support this contention (3-4), as individuals with higher adiponectin
levels have a lower prevalence of diabetes. Physical activity improves diabetes by regulating adipokine levels. However,
long-term combined exercise (aerobic and resistance) combined with dietary changes may be a more efficient strategy to
improve adipokines profile in patients with type 2 diabetes (5). Tumor necrosis factor C1q-related protein (CTRP) family
is a recently discovered adipokine family with 15 members (CTRP1-CTRP15) (6). Among them, CTRP9 has the highest
degree of amino acid identity to adiponectin, which plays an important role in regulating blood glucose levels in diabetes
(7). Since CTRP9 has vasorelaxing effect, anti-inflammatory action and also inhibits the proliferation of vascular smooth
muscle cells, it is a potential biological marker and pharmacological target in patients with type 2 diabetes and coronary
artery disease (CAD) (8-9). Currently, therapeutic approaches to control weight and type 2 diabetes include: changing
diet and lifestyle, such as increasing physical activity, drug intervention and bariatric surgery for patients with severe
obesity and related diseases (10). There is evidence that shows these interventions, in addition to weight loss, also affect
the outcomes related to obesity and type 2 diabetes. Exercise and diet are important elements of diabetes treatment (11).
Since regular exercise increases circulating CTRP5 levels in obese patients (12), increased levels of CTRPs may
contribute to the mechanism of exercise-induced arterial stiffness reduction in middle-aged and elderly adults. However,
the relationship between compound exercise-induced changes in circulating CTRP levels remains unclear. Therefore, our
hypothesis in this study is that changes in circulating adiponectin levels and CTRP9 levels due to the loss of body fat
through regular aerobic exercise activities play a role in preventing type 2 diabetes complications in middle-aged adults.
To test this hypothesis, we checked whether the effects of combined exercises (aerobic and resistance) are the same on
the levels of adiponectin and serum CTRP9 in patients with type 2 diabetes compared to the individual effects of each of
the different types of sports activities.

Methodology

The present study is semi-experimental-applied research conducted in four groups with pre-test and post-test designs.
Sixty men with T2DM (mean age [X+SD]=51.45+4.26 years; BMI: 31.52+1.01 kg/m?) were randomly assigned to
combined exercise group (CEx: n = 15), aerobic exercise group (AEx: n = 15), resistance exercise group (REx: n = 15),
or the control group (CON: n= 15). Serum levels of CTRPS5, fasting blood glucose (FBG), insulin, Insulin resistance (IR)
and body mass index (BMI) were measured at baseline and at the end of the study. The data were analyzed using repeated-
measures analysis of variance. Body mass index (BMI) was calculated by dividing weight (in kilograms) by the square
of height (in meters). The waist circumference of each participant was measured with a flexible tape at 0.1 cm at the level
of the iliac crest. Hip measurement was done at the maximum hip circumference. Waist to hip ratio was calculated as
waist circumference (in centimeters) divided by hip circumference (in centimeters). The systolic and diastolic blood
pressures of all participants were measured with a manual sphygmomanometer after 15 minutes of rest in a sitting position.
The 1 repetition maximum (RM) method was used to determine muscle strength for all strength movements in the
exercise. To prevent injury, subjects warmed up by performing 2 sets of 10 repetitions with light weights 5 minutes before
each test in each exercise. All participants successfully completed the test 3 to 5 times. Subjects were allowed to rest for
three minutes between repetitions. The modified Bruce treadmill test was used to estimate peak oxygen consumption.
Blood samples were drawn after an overnight fast (10-12 h) from the brachial vein of each subject before the intervention
and after the 12 weeks’ intervention period. After the subject fasted for a minimum of 10-12 hours, blood samples of
approximately 5 ml were collected in the early morning by venipuncture from the antecubital vein. Blood samples were
centrifuged at 3000 rpm for 15 minutes to separate the plasma and frozen at -80°C until the second stage test. Blood
glucose levels were measured using a special glucose kit (manufactured by Pars Azmoun Iran with a sensitivity of 2
mg/dL). The coefficient of variation within the test of this kit was 1.49% and the coefficient of variation outside the test
was 0.69%. Serum levels of insulin were assessed by human kit using ELISA method and Monobind kit (America), with
a sensitivity of <4%. Insulin resistance was calculated by the homeostasis model assessment method (IR-HOMA)
according to the following formula: [fasting blood glucose (mg/dL)] x [fasting blood insulin (WU/ml)/405]. The levels of
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adiponectin and CTRP9 were determined by immunoassay using the Cayman system kit according to the manufacturer's
protocol. The coefficient of variation for intra-assay and inter-assay intra-assay replicate samples were 6.975% and 6.3%,
respectively.

Training program

Each of the sessions was composed of 15 minutes warm-up and cool-down respectively. The aerobic training was
performed 45 minutes a day, 3 days a week at 50-55% of the maximum reserve heart rate (MRHR) during 1-4 weeks, at
60-65% of MRHR during 5-8 weeks and at 70-75% of MRHR during 9-12 weeks. Resistance training was performed
45 minutes a day, 3 times per week at 40- 80% of 1RM during 1-12 weeks. The combined training group was separated
by resistance training and aerobic training with equal volume and intensity, 3 times per week, 60 minutes per session for
12 weeks. Polar Analyzer (Polar Elector Oy Finland) was used to continuously to maintain 50% to 75% of heart rate
reserve during the aerobic exercise training program.

Statistical methods:

Data analysis was performed using the Statistical Package for the Social Sciences (SPSS version 24.0). Descriptive
statistics were used for characteristics of the subjects. All values are reported as means + SD, unless stated differently.
Normality was assessed by the the Kolmogorov—Smirnov test. Differences between combined exercise (CEXx), aerobic
exercise (AEX), resistance exercise (Rex) and control (CON) groups in baseline variables were computed by analyses of
variance (ANOVA) test. A 4 (group) x 3 (treatment) x 2 (time points: Pre and Post) repeated measures analyses of
variance (ANOVA) were utilized to examine the effect of Aerobic, Resistance, and Combined Exercise on serum levels
of adiponectin and CTRP-9. The Greenhouse-Geisser correction of degrees of freedom was used when sphericity
assumptions were violated. When significant differences were found in each of the variables between the groups, LSD
post hoc test was used for pairwise comparisons. Statistical significance was defined as a P-value < 0.05.

Results:

After 12 weeks intervention, serum adiponectin and CTRP5 levels increased significantly, whereas the FBG, insulin,
HOMA-IR and BMI levels decreased significantly in the CEx, AEx and Rex groups compared to the control group (P <
.05).

Conclusion:

The present findings showed that 12-weeks of combined exercise has greater anti-inflammatory effects than aerobic or resistance
exercise causing a significant decrease in FBG, insulin and IR and a higher increase in anti-inflammatory adipokines such as
adiponectin and CTRP9 levels in T2DM.
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