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ABSTRACT

Regular exercise represents an effective strategyrévent and treat type 2 Diabetes.The presemtyséxamined
the effects of aerobic exercise on glycemic corgmal serum lipid profile in men with type 2 dialse2® men with
type 2 diabetes (age:45.05 = 3.8) were randomlyiddig into aerobic exercise group (n=10) and control
group(n=10). Exercise Group participated in aerohiaining program at 50 -70 % HRR for 8 weeks argk8sions
per week. Fasting blood sugar (FBS),FructosaminbAHC, Triglyceride (TG), cholesterol (TC), high dign
lipoproteins (HDL), low density lipoproteins (LDEnd very low density lipoprotein(VLDL) were measubefore
and after 8 weeks. Paired and independent t test® wised for data analysis ( P<0.05).At the endhefiod,
significant decreases have been found in FBS (d0,8ibAlc(p=0.045),Fructosamine(p=0.012) and LDL
(p=0.048) levels and a significant increase hasrbekserved in HDL(p=0.012) of exercise group, wkiilere were
no significant changes for the investigated factarsontrol group (P>0.05).Also there was a sigedfint difference
in FBS (p=0.03) and HDL levels (p=0.04) betweenr@ugs.Aerobic trainings effectively improve lipicbfile and
lead to better glycemic control in men with typai@betes.

Key words: Type 2 diabetes, Aerobic training, Fasting bloodes, Glycated hemoglobin, Fructosamine and Lipid
profile.

INTRODUCTION

Modern life has caused people to spend most of taisure time without any physical activity. Refgoshow that
people who exercise and have proper nutritionesg prone to diseases such as cardiovascular esaad type 2-
diabetes [1]. Type 2 diabetes is the most commato@me abnormality [2].Insulin resistance and equahte
secretion of insulin involve in the developmenttgbe 2 diabetes [3]. Diabetes mellitus representgoap of
diseases of heterogeneous etiology, characterigechtonic hyperglycemia and other metabolic abndities,
which are due to the deficiency of insulin effeéffter a long duration of metabolic derangement, cffjme
complications of diabetes [retinopathy, nephropatnd neuropathy] may occur [4]. Metabolic disosdersulted
from diabetes mellitus cause cardiovascular corapbios in patients and would cause problems foctmemunity
health system [3].Although the risk of microvasecudamplications such as retinopathy and nephropiatrgase in
type 2 diabetes, these patients often die becdusgcrovascular complications including coronartear disease
and stroke. The risk of these complications is 200% [5]. Regular exercise represents an effedivategy to
prevent and treat type 2 Diabetes [6]. For sewgrats, exercise is considered one of the threapkatic methods
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for diabetes along with diet and medical theragyH{perts believe that not only diet and medica&répy are not
effective in the treatment and glycemic control fbe patients but also physical activity and exschould be
added to the diabetics daily schedule [7].Stutlese shown that repeated muscle contractions,iarmpatwith type
2 diabetes who have insulin sensitivity problencjlfiate glucose entrance to muscle cells in theeabe of insulin.
Furthermore exercise activities increase glucoaesport protein [GLUT4] levels and decrease instaéisistance
[8].Endurance or aerobic exerciseimprove glycemimtiol [by decreasing HBAL1C level], increase inguli
sensitivity and decrease cardiovascular risk fac{®12]. In a meta-analysis of randomized conglkrials,
Hayashino et al investigated the studies done ereffects of controlled exercise [aerobic, strerggtd combined
training] on cardiovascular risk factors [lipid fife] and blood pressure control in patients withe 2 diabetes. The
results of these studies showed that exercisetbetpprove blood pressure control and low densggprotein and
high — density lipoprotein in patients with typeDRabetes[9].The control of glycemic and lipid ptefis very
important to prevent complications of diabetes &tignts with type 2 Diabetes. Therefor it is neaggshat such
studies with regard to training methods and thfgcts, examine the influence of physical activaty some blood
factors in the population.So the purpose of thislgtis to investigate the effects of 8 weeks obhir exercise on
glycemic control and lipid profile in men with ty@ediabetes.

MATERIALS AND METHODS

In this semi experimental study, 20 men with typdigbetes were selected from diabetes clinic oE&ah hospital
in Ahvaz,Iran The participants were randomly divided into exex@is=10) and control groups(n=10).The subjects
were men aged 30-50 years with type 2 diabetedasiohg blood sugar level less than 200 mg/dl, Vagrevel
less than 40 ml.kg.min, no smoking, no insulin détign, no history of cardiovascular and respiratdiseases, no
muscular and skeletal problems, no regular pagtmp in physical activity within 6 months prior the study, no
history of repeated hypoglycemia or hypoglycemiairduexercise. The subjects were excluded fromsthdy if
they had more than two absences from training @essind regular participation in exercise sessimsides this
study in control and experimental group. Firstsébbjects were become familiar with the objectiveéhis study and
received necessary instructions. Then each subjgoed the informed consent form after that. Vabens were
examined by an endocrinology and metabolism phasicDemographic information, physical fithess statu
characteristics of the disease and physical agtwére collected by a questionnaire. After baselireasurements,
the supervised exercise intervention was conduitte@ weeks and at the end the variables were medsagain.
The study was approved by Student Research Conem@teahidChamran University, Ahvaz, Iran

In this study the subjects' height were measure8dmna height gauge, weight, BMI and body fat per@@BF) by
body composition machine, Olympic Model 3/3, mad&orea (table2). Rakport test was used to evalaatebic
capacity of patients (13).Before and after thernvegntion period, morning blood sample after 1 2ohours of
fasting was taken from left Antecubital vein forasaring serum concentration of glucose and lipafiler HbA1C
and Fructosamine were measured using Nico Cardarkit Dyazime kit respectively. Fasting blood glugose
triglyceride, total cholesterol and high- densiiyoprotein concentration were measured by photametethod
using Parsazmoon kits made in Iran. Low densitydiptein was estimated using Friedewald formula(14)

The Exercise program in experimental group inclusiggervised aerobic training that was conducteetygafvarm

up consisted of fast walking, jogging and statfetshing for 10 minutes after that, running (Maigining program)
was started at 50% of Heart Rates Reserve (HRR)@aminutes at the beginning week and increaset)% of
Heart Rates Reserve (HRR) for 30 minutes at the ek (tablel). The Heart Rate Reserve (HRR) was
determined by the Karvonen Formula. At the endwefre training session walking fast and stretchingvements
was conducted for 5 minutes (cool down). To avaiteptial hazards a nurse was present in all trgisgssions.
The patients was advised that to have sweet shidlc&yi had hypoglycemia. The subjects' blood glecarsd blood
pressure were measured using digital glucometebbowtl pressure machine before starting the trgiaimd if they
had high glucose level or high blood pressure there not allowed to participate in training.
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Table 1. Duration and intensity of aerobic trainingprogram during 8 weeks

Weeks | Duration (minutes) | Intensity(%HRR)

1 10 50-60%
2 15 50-60%
3 15 50-60%
4 20 50-60%

5 20 60-70%
6 25 60-70%
7 25 60-70%
8 30 60-70%

Statistics:

SPSS 19 software was used for analyzing data .Dheaility of the distribution and homogeneity of iaaces
tested with Kolmogorov—Smirnov and Levene's testspectively. Independent samples t test was usednpare
variables between the exercise and control grolipscompare pretest and posttest of each groupdpaample t
test was used. Significant levels in all tests we1@.05.

RESULTS
The purpose of this study was to examine the effetierobic training on fasting blood glucose ptagma lipid
profile in men with type 2 diabetes. Table 2 shaavghropometric characteristics of the subjects rieethe

intervention.

Table2. Comparison of characteristics of the exerse and control groups

Variables Exercise group | Control group P
Age (y) 445+ 3.8 45.6+ 3.9 0.526
Height (cm) 173.1+ 6.0 170.6 5.3 0.344
Weight (kg) 78.(+£ 11.C 76.04+ 10.5 0.680
BMI (kg/m?) 25.642.2 26.1+ 3.C 0.915
PBF 26.3+3.6 26.7+1.6 0.778
VO2max (ml.kg-.mim?) 36.6+1.9 36.0+1.6 0.391

Eight weeks of aerobic training resulted in a digant decrease in fasting blood glucose (P=0.0HHA1C
(P=0.045),Fructosamine (P= 0.012) and LDL(P=0.0d48) a significant increase in HDL(P=0.012) of eis&c
group .There were no significantly changes in atiables of control group(P>0.05) (table 3).

Table 3.Preintervention and Postintervention Valuedor FBS, HbA1C, Fructosamine, TG, TC, LDL, HDL and VLDL (Means + SD)

) Exercise group Control group
Variables Pre-test Post-test P Pre-tes{ Post-tebt
FBS(mg/dl) 129.9+28.1 118.5+24.2  0.017* 151.2+28.8152.5+21.0 | 0.76]
HbA1C% 6.3+0.6 6.1+0.7 0.045F  6.42+0.64 6.40+0.66 .763
Fructosamine(umol/l)  316.8+51.4  280.6+52|7 0.012* 458+77.8 | 339.8+63.1 0.69
TG(mg/dl) 178.5477.5 | 162.4442.4 | 0.267 | 1752+ 61.2 | 196.¢465.C | 0.248
TC(mg/dl) 170..426.1 | 150.5+18.5 | 0.071 | 183.1+32.7 | 181.¢+28.2 | 0.840
LDL(mg/dl) 95.6+22.4 | 75.@20.5 | 0.048*| 10446 28.0| 98.#25.5 | 0.285
HDL(mg/dl) 38.9£5.0 42.8 45 | 0.012* | 43.5+7.7 43.87.6 | 0.792
VLDL(mg/dl) 35.7+155 32.548.5 0.267 35.0+12.p 9.4+13.0 | 0.248

Note: FBS= Fasting blood glucose,HbA1C= Glycatethbglobin ,TG=Triglyceride, TC =Total cholesterolP =High-density lipoprotein

cholesterol, LDL =Low-density lipoprotein cholesieVLDL=Very low-density cholesterol
*Significantly difference between pre and postriveéation at P < 0.05
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Independent t test's results indicated a significliffierence in fasting blood glucose (P=0.03) &idlL (p=0.04)
between exercise and control groups (table4).
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Table 4. Comparison of Mean differences of investided variables between exercise and control grougseans + SD)

Variables Exercise group| Control group P
FBS(mg/dl) -11.4+12.4 +1.3+13.1 0.039*
HbA1C% -0.18+0.24 -0.2+0.20 0.129
Fructosamine(pumol/l) -36.2436.3 -5.2439.9 0.086
TG(mg/dl) -16.1+43.( +21.7455. 0.10¢
TC(mg/dl) -19.9+30.8 -1.2+18.3 0.114
LDL(mg/dl) -20.6+28.4 -5.8+16.2 0.177
HDL(mg/dl) +3.9+3.9 +0.3+3.5 0.043
VLDL(mg/dl) -3.248.6 +4.3+11.1 0.106

* Significantly difference between exercise androbgroups at P < 0.05
DISCUSSION

One of the common recommendations is to do exetoisentrol blood sugar and decrease diabetes d¢catiphs
such as cardiovascular diseases. In general, idndjs of this study showed aerobic exercise effeat glycemic
control and lipid profile positively.

A significant decrease was observed in fastingdlglocose, glycosylated hemoglobin and Fructosaraftes eight
weeks in exercise group [table3]. These resultscarsistent with the findings of Bacchi et al [T®mura et al
[16], Misra et al [17] and Castaneda et al [18] whported significant decrease in fasting bloodcgde. Also
Bacchi et al [15] and Shenoy et al [19] indicat&phiicant reduction in glycosylated hemoglobin.datti et al [20]
reported a significant reduction in Fructosaminephsitive changes in blood glucose levels are makitk to the
cumulative effects of blood glucose reduction afsmveral times of exercise [21].Evidence show neuscl
contractions have an insulin-like effect and inseeglucose transport into the skeletal muscle telise as energy
[22, 23].Muscle contraction probably increases memé permeability to glucose by increasing glucose
transporter[Glut4] in plasma membrane. Exercisegases Glut4 levels in trained muscles, also imgsadasulin
function on glucose metabolism and can decreasedari83HbA1C [24]. Accumulation of free fatty acisgsmuscle
cells disrupts Glut4 transportation to the celldfate. Exercise may increase fatty acids oxidasiod prevent their
accumulation in muscle cells [25]. Increased capjlldensity and insulin sensitivity, change in cosipon of
sarcolemma phospholipid, increased oxidative engyawntivity and increased glycogen synthase enzymesa@me
factors to decrease blood glucose [19].Anothertpasregulatory mechanism of glucose metabolistimiseasing
of insulin action and insulin signals [26]. Sombetpossible reasons of positive changes in glyceantrol can be
proposed, for example, protein content of insuéneptors and protein kinase B activity[has an ingdrrole in
insulin signals transportation] increase after beroexercise. These changes also lead to decrelasel b
glucose29.In addition, It is possible that exer@seexercise-induced weight loss improves betas delhction or
insulin sensitivity that is associated with decezhblood glucose levels in diabetic patients, iectiy and by its
effects on other biochemical mediators or peptiolertones [27-29]. Several mechanisms have been gedpabout
the effect of aerobic exercise on reducing bloaggée, HbA1C and Fructosamine. The main mechariischale
biochemical adaptations, skeletal muscles structadaptations and systemic effects on physical viagti
Biochemical adaptations include regulating mitoadréal proteins involving respiratory system [Nigat
production], increasing glucose production and Glototein. Also structural adaptations of theséning include
increasing contractile proteins [hypertrophy] angkrenabsorbing net glucose [30].

The results of the present study showed significtiainges of HDL and LDL levels; also there was aketh but

not significant decrease in plasma total choles{@1@] in exercise group [table3]. Aerobic exercisereases HDL
in this study, this result is consistent with soshedies[31] and is inconsistent with other studi6§[Difference in
the characteristics of the subjects and the pesfadaining are probably reasons for this differenEor example,
this result is inconsistent with the finding of Beyter, et al [6] who reported no significant irase in HDL, some
possible reasons of this difference are older sttbjage mean 59 years] with lower physical fitnasd disability
to perform the training in De Feyter's study. Itswa@bserved that a significant decrease in plasmia leRels in

exercise group that is inconsistent with the figdirof Walker et al [32] study. This results indadhino significant
difference between two groups in lipid profile [TTG,LDL,VLDL] after 8 weeks [table4], it is probablgue to

nutrition effects of patients on results that wag of the limitations of the study. Another reasemprobably the
short period of training and the low cost of energpur study.
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In addition to glycemic control and insulin senst§ increasing, exercise can improve cardiovagctikk factors
and lipid profile [10, 33]. Some of the effectivelagtations induced by aerobic exercise includeemsing
mitochondria and subsequently lipolysis enzymebificthat resulted in the increasing of lipids alablism during
exercise [34].HDL level increases by aerobic exerciOne of the possible reasons of increased Hdl kfter

exercise may be the increasing of lipoprotein kpaazyme activity induces by exercise [LPL]. LPLslaarole to
convert VLDL to HDL. So, increased LPL activity s in increased HDL level. Also Lecithin-cholaste
acyltransferase [LCAT] convert LDL and cholesteimHDL. Increased LCAT may be responsible for tkereise

induced increase in HDL [35]. It has been shown H@AT has increased significantly in some exerdrséings,

probably, other mechanisms, such as decrease utinrgensitivity that can change blood lipids afmbprotein

levels, may be effective [35, 36].Changing of LRitiwty results in more entrance of VLDL to theaitation from

the liver then it will be cleared from the circltat. Other possible mechanisms such as increasel@stérol

transport may also be important. Some indirectugrices of exercise on lipids may be related tocedse in
abdominal fats, subsequently, the free fatty aosidsement from abdominal fat to the liver decreases results in
reduction in VLDL production in the liver [37]. Adsregular physical activity for a long time can ued hepatic
lipase [38].It has been shown that people with ¥i@abetes have lower fat oxidation capacity irsoies that may
be related to lower mitochondrial function. On titeer hand, an increase in insulin resistance gdeser in insulin
sensitivity] increases fatty acid accumulationhia musculoskeletal system[39].

CONCLUSION

The result of this study has shown that aerobicase effects on blood glucose control positiveld amprove lipid

profile in patients with type 2 diabetes. Diabett®uld consult their doctor and perform theseningis under the
supervision of an expert in exercise in order totem the blood glucose and improve lipid profilethese trainings
are done regularly for a long time, it would ingedealth level.
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