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ABSTRACT

This study was performed to investigate the effect) weeks of aerobic training on glycemic cohénod body
composition in obese patients with type 2 diabéfesnty one males with type 2 diabetes (40 to &ésyad) were
randomly assigned to the training (n=11) and cohfre=10) groups. The training group participated &am aerobic
training program (three sessions per week and 4%a@0 per session) for 10 weeks with the intendity0s65% of
heart rate reserve (HRR). Weight, body mass inB&X), percentage of body fat, glucose, insulin, bglobin Alc
(HbAlc) and insulin resistance were measured irhliyoups before and after training. Ten weeks ablie
training resulted in a significant decrease in waigBMI, percentage of body fat, glucose, HbAlc arallin
resistance in the training group while no signifitahange was observed in the serum concentratbmssulin.
The control group did not demonstrate any significehanges in the measured variables. There wagrafisant
relationship between change in percentage of batlyafid changes in glucose and insulin resistantés $tudy
showed that 10 weeks of moderate intensity aettodiiting can improve glycemic control and body cosifion in
obese patients with type 2 diabetes. Our findingggest that the improvement gycemic control with aerobic
training is associated with decrease in percentage of body fat in these patient
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INTRODUCTION

Type 2 diabetes is a chronic metabolic diseaseitsgrevalence is increasing rapidly throughdetworld. It has
been estimated that the number of diabetic patigititseach about 333 million people by 2025, 90®56f patients
will have type 2 diabetic [1]. Chronic diabetic leyglycemia is associated with the long-term congpiims of
various organs, especially damage to eyes, kidmeyses, heart and blood vessels [2].

On the other hand, obesity has been known as a misfdactor for type 2 diabetes [3] and on averabkilogram
increase in weight is related to 9% relative inseem prevalence of diabetes [4]. Obesity, paridylabdominal
obesity, is associated with abnormalities sucmaslin resistance, hyperinsulinemia, hyperglycerdiglipidemia
and hypertension [5]. Research evidence has shoatr80-90% of diabetic patients are overweighthwse [6] and
obesity worsens the diabetes-related physiologid ametabolic abnormalities, specifically hyperglyéam
hyperlipidemia and hypertension [7]. Weight lossvisry important for improving glycemic control arfdr

decreasing other risks related to obesity and t@zs8]. Moreover, it has been proved that inter@laveight loss is
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associated with the reductions in the mortality mferweight diabetic patients [9]. Therefore, desieg
hyperglycemia and body fat are two of the importgodls of diabetes therapy [5].

Physical exercise along with diet and medicatiorcasisidered as one of the cornerstones of typeBetiia
management [10] and preventing and treating obg&ity. Aerobic training is a beneficial training thed for

decreasing hyperglycemia, which is more efficidvant resistance training in improving body compoaitbecause
of the relationship between weight loss and enesgpenditure [12]. American Diabetes Associatiororemended
150 min aerobic physical activity with moderatesimgity or 90 min vigorous aerobic exercise per weekliabetic
patients in order for them to improve glycemic cohtmaintain body weight and decrease risk of icaabscular
diseases [10]. Although the effects of regular pdalsexercises, especially aerobic exercises, engliycemic
control in patients with type2 diabetes have beerstigated in many studies, the reported restdt®iat consistent.
Some studies have reported improvement [13-16]samde others have reported no significant changel]4n

the glycemic control in these patients in respdnsaerobic training. Moreover, as far as effectaerobic training
on the weight loss and body fat decrease in diahmiients are concerned, heterogeneous findings haen
reported [14, 15, 18, 20]. Additionally, reduction hyperglycemia and insulin resistance in respdnsexercise
training in obese patients with type 2 diabeticidates a direct relationship between decrease dy lfat and

improvement in glycemic control [12]. However, sostadies have stated that improvement in glycemitrol is

independent from the decrease in body fat [12].rdfoee, the effects of exercise training on glycemontrol

whether dependent on or independent from bodyriatcantroversial. The present study was perforrfiest, to

investigate the effects of aerobic training on @edi of glycemic control (glucose, HbAlc, insulisistance) and
also indices of body composition (weight, BMI, pamtage of body fat) and, second, to determine etaionship
between changes in indices of glycemic control @mhge in body fat in response to an aerobic trgiprogram in
obese patients with type 2 diabetic.

MATERIALSAND METHODS

Participants

Twenty one obese males with type 2 diabetes (wottybmass index of 30.6 kgAnvoluntarily participated in this
study. The participants were aged between 40 anérid their duration of disease was less than éamsy They

were not participating in regular physical actedtiduring the last year at the time of study anteraf the patients
were underwent diet therapy. The patients who vemneker, had complications of diabetes or other rdhro
diseases, and were receiving insulin were excludée. study protocol was approved by ethics commitié

Islamic Azad University, Central Tehran Branch. 8emts forms were signed by the participants dfiey had been
familiarized with the objectives and methods of theearch. Then, they were randomly assigned toavobic

training (n=11) and control (n=10) groups. The saly were advised not to change their usual dignglthe study.

The descriptive characteristics of the participamisoth groups are given in Table 1.

Tablel: General characteristics of study subjects

Training group (n=11), Control group (n=10

Age (years) 46.383.3 45.8+3.2
Duration of diabetes (yeq) 4.18+2.2 3.&2.2

Height (cm 172.6%5.7 171.745.2
Weight (kg) 91.3#7.5 89.8A&7.9
BMI (kg/m?) 30.6%2.5 30.5t 2.6
Body fat (%) 29.184 28.85:2.9
Vo2max (ml.kg".min?) 25.4:3.9 25.1 3.2

Values are mean +SD

Training program

The subjects of the training group participatediinaerobic training program (three sessions peksed 45-60
min per session) for 10 weeks. Each session ofteseeincluded 10 min warm-up, 25-40 min walkingronning
with the intensity of 50-65% of heart rate reseawel 10 min cool down. The main part of the trainstarted with
the intensity of 50% of heart rate reserve for 26 end gradually progressed to 65% of heart ragerve for 40
minutes in the next sessions. Heart rates of stbjgere monitored using heart rate monitors (P&lactro, Oy,
Finland).
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Assessment of Body composition and VO2max
The body composition was measured with the use bbdy-composition analyzer (Omron, Finland), and th
VO2max was also predicted by YMCA cycle test, usingycle ergometer (Tunturi E604, Finland).

Blood Sampling and Biochemical M easur ements

To evaluate biochemical variables, blood samples ieken after 12 h overnight fast from the antéaubein at
baseline and at the end of the study. The serunsejarated by centrifugation and stored at -80iGiibsequent
analysis. Fasting blood glucose and HbAlc were mredsby glucose oxidase method (Pars Azmon, Irad)the
chromatography method (Biosystem, Spain), respalgtivSerum insulin was measured by ELISA (demeditec
Germany); the intra- and inter-assay coefficierftyariation were 2.6 and 2.88% respectively. Insubksistance
was calculated using the levels of glucose andhfgagtsulin by HOMA-IR formula [21].

Statistical analysis

The normality distribution of data was evaluatethgsolmogorov-Smirnov test. Paired t-test and lmeledent t-

test were used for evaluating changes within the tywoups and comparing changes between two groups,
respectively. The relationship between changeadités of glycemic control and change in percentd#deody fat

was evaluated by Pearson’s correlation coefficightvalues less than 0.05 were considered stafigtigignificant.

The statistical analyses were performed using SBES®ftware.

RESULTS

At the baseline, there were no significant diffaes in age, weight, body mass index, percentageody fat,
VO2max, duration of diabetes and indices of glyaeoaintrol between two groups (p > 0.05).

The comparison between the values obtained befmteatter training using the paired t-test showesigaificant
increase in VO2max (g 0.001) and a significant reduction in weight (:807), body mass index (p = 0.009),
percentage of body fat p0.001), fasting blood glucose (p = 0.002), HbAd& 0.001) and insulin resistance (p =
0.039) in the training group. However, insulin ledéd not significantly change in the training gpo@p = 0.28)
(Table 2). There were no significant differencesneen the pre-test and post-test values obtanoad the control
group (p > 0.05). Moreover, the independent tsbstwed that changes in Vo2max<{®.001), weight (p = 0.002),
body mass index (p = 0.004), percentage of bodgpfat0.001), glucose (p = 0.001), HbAlc£®.001) and insulin
resistance (p = 0.013) in the training group weégaificantly different from those in the controlam. However,
the comparison of the changes in insulin betweernwlo groups demonstrated no significant differgpce 0.18).

After the training, a significant relationship reded between the change in percentage of bodynththanges in
glucose (r = 0.63, P = 0.019) and insulin resigaine 0.54, P = 0.043) in the training group. Bhbg relationship

between the change in percentage of body fat aadgshin HbAlc (r = 0.47, P = 0.071) was not sigaifit (Table
3).

Table2: body composition and glycemic variablesin before and after training

Training group Control group

Variable Before trainin | After trainin¢ | Before training | After training
Weight (kg) 91.37£75 89.32+8.6* 89.8% 7.9 90.18 7.9
BMI (kg/m) 30.60 £25 | 29.982.7* 30.5: 2.6 30.52 2.6
Body fat (%) 29.16: 4 27 2245 28.852.9 29.032.8
FBS (mg/dl) 203.54 36.5| 174.6-26.9* 196.6-34.9 202.232.2
insulin @IU/ml) 8.73t1.7 74%3.6 9232 05822
HbAlc (% 8.8¢+x 0.7 8.25+ 0.7* 8.6+ 0.¢ 8.71+0.€
HOMA-IR 4.31+0.9 3.19%1.5* 445 1.2 4.8 1.4
Vo2max (ml.kg".min?) 25.4:3.9 31.945* 25.13.2 25.%2.4

Values are mean = SDP<0.05 vs. before training
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Table3: Correlation between changein Body fat (%) and changesin Indices of glycemic control

Index R P Result
Glucost 0.65 | 0.01¢ T
Insulin Resistanc | 0.5 | 0.04: T
HbAlc 0.47| 0.071

R, Coefficient of correlation
P, Level of signification
T Significant correlation (p<0.05)

DISCUSSION

In the present study, the significant decreaséasting blood glucose, HbAlc, insulin resistancd #re decreasing
tendency in blood insulin indicated that 10 weeks@robic training with the moderate intensity fmtheneficial
effect on the glycemic control in obese men withety? diabetic. In parallel with these findings,\poes studies by
measurement of blood glucoddbAlc and insulin resistance have reported thatoise training can improve
glycemic control in type 2 diabetes [15, 22]. Aétbame time, studies which have used training Mithintensity

or volume have not reported any improvement in @fyic control [12]. In the present study, the 28.§/dh
reduction in blood glucose was accompanied by 0.@&fErease in HbAlc. Research evidence has shown tha
exercise training decreases HbAlc by approximaedp% which can decrease the risk of diabetic cmatibns

[5]. Moreover, decrease in HbAlc is associated wéithuction in the cardiovascular risk in type 2bdies; for
instance, the 0.6% decrease in HbAlc caused bybiaemxercise is associated with a 22% decrease in
microvascular complications and an 8% decrease yiacardial infarction rate [23]. These results irded the
important role of aerobic exercise in improving agynic control and decreasing hyperglycemia comfatina in
type 2 diabetic patients. Muscular contractions s@mulate glucose transport into skeletal musblesin insulin-
independent mechanism [24, 25]. Furthermore, isa@dlood flow to exercising muscles can facili@edivery of
glucose to the muscles [24]. The aerobic trainimgmam used in this study caused 26% significaducgon in
insulin resistance. These results may indicatebireeficial effect of aerobic training on insulintian in these
patients and are in correspondence with the residilfgrevious studies which demonstrated decreasasiulin
resistance after aerobic training in type 2 diabettients [15, 22]. Exercise training can leadh® increase in
insulin sensitivity by several mechanisms includeréased glucose transporter protein (GLUT4) esiwas
increased glycogen synthesis activity [26] andeased lipid oxidation [27].

In the present study, the improvement in indiceglpéemic control in the training group was acconipd by the
improvement in their body composition. As aftervi®eks of aerobic training with moderate intensitgjght, BMI
and percentage of body fat in these patients stgmifly decreased. Similarly, beneficial effectesércise training
on weight loss and body composition in type 2 di@bgatients have been confirmed in previous stufild, 20].
However, some studies have not demonstrated significhanges in the indices of body composition [ 18,
28]. Contradiction of these findings may be becaafsasing different methods for evaluating body position
(BMI, weight or body fat mass), different trainimgethods (aerobic versus resistance) and also vsingt using
dietary supplements along with exercise training,29]. One of the most important findings of thisdy was the
significant relationship between change in perggmtaf body fat and changes in blood glucose andlims
resistance in the training group; however, theti@iship between change in percentage of bodyrfdtciange in
HbAlc was not statistically significant (probablyedto small sample size). Although some studieg lsétown that
improvement in glycemic control in type 2 diabgimtients after exercise training is independennftbe decrease
in body fat [12, 15], the findings of this study ynsuggest that aerobic training-induced improvesénindices of
glycemic control (especially blood glucose and limstesistance) in obese patients with type 2 dialiepended on
the decrease in their body fat. Nevertheless, iaitleé statement on this issue requires furthedigs.

CONCLUSION
The results of our study show that aerobic exesc@ech as walking and running improve glycemic kordand

body composition in obese patients with type 2 eliih These findings suggested that improvemerglynemic
control with aerobic training is associated wittlexrease in percentage of body fat in these patient
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