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Introduction

Salar Bakhtiyari6

Abstract

Objective: Type2 diabetes (T2DM) as a metabolic disease is
associated with absolute or relative insulin deficiency, increased
blood glucose and carbohydrate metabolism disorders which is
considered as risk factors of other diseases such as cardiovascular
diseases. In the present study, the effect of eight weeks of high
intensity interval training (HIIT) on lipid profile (TG, LDL and
HDL), glucose and glycated hemoglobin (HbAc) levels in
streptozotocin-induced diabetic rats was investigated.

Materials and Methods: Sixty male Wistar rats were randomly
divided into six groups: healthy, diabetic, diabetic + metformin,
healthy + training, diabetic + training and diabetic + training +
Metformin. The training groups performed eight weeks of HIIT.
Metformin was given 150 mg / kg to the rats by gavage every day.
T2DM was induced by injection of nicotinamide and streptozotocin
and 48 hours after the end of last training session, the rats were
sacrificed. Then lipid profile, blood glucose and HbAlc were
measured. One way analysis of variance (ANOVA) test was used for
statistical analysis.

Results: The results of this study showed that TG levels were low in
diabetic training and diabetic + training + metformin groups
compared to the diabetic group (P-value: 0.0001). There weren't any
significant differences between total cholesterol, LDL-c and HDL-c
levels between groups. Blood glucose levels were significantly lower
in diabetic + training and diabetic + training + metformin groups
compared to diabetic controls (P-value: 0.0001). HbAc levels were
significantly lower in diabetic + training and diabetic + training +
metformin than in diabetic group (P-value: 0.0001).

Conclusion: According to the results of this study, it seems that
severe periodic exercise can be considered as an important strategy
for improving lipid profiles and blood glucose control in T2DM
patients.

Keywords: High intensity interval training (HIIT), Lipids, HbAc,
Diabetes mellitus

ype 2 diabetes mellitus (T2DM) is a increased blood glucose and carbohydrate, fat
metabolic disease and associated with and protein metabolism disorder (1). The
absolute or relative insulin deficiency, prevalence of T2DM is about 6.8% without
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gender  segregation  worldwide (2,3,4).
According to the recent studies in Iran, 7.7%
of the population aged 25-64 is diagnosed with
diabetes and 16.8% suffer from impaired
glucose tolerance (5). Diabetes is the risk
factor of cardiovascular disease by
atherosclerotic origin (6). The prevalence of
cardiovascular disease in T2DM patients is
four times higher than normal population (7).
Lipid disorder is prevalent in T2DM patients
which causes and exacerbates the short-term
and long-term complications which is a risk
factor of cardiovascular disease (3). The most
common pattern of dyslipidemia in T2DM
patients is the increase of triglyceride (TG)
levels and decrease of high density lipoprotein
(HDL) levels (9). High blood sugar increases
insulin, low density lipoprotein (LDL) and
very low density lipoprotein (VLDL) and
decreases HDL, provides the basis for
atherosclerosis (10).

On the other hand, control of HbAlc levels is
a reliable indicator in diabetes control (11).
Physical activity may be a potential cause of
changes in HbA;c levels (12). Ghiathi et al.
reported that eight weeks of aerobic activity in
diabetic women did not significantly change
the HbAc level (13,14). The use of glucose-
lowering drugs including metformin in T2DM
patients can reduce fasting blood glucose
(FBS) levels. One of the natural and safe
solutions for diabetes treatment is physical
activity, which is always available.

Several studies have pointed to the role of
exercise in fat metabolism. Regular physical
activity leads to an increase in lipid and
glucose metabolism by increasing insulin
sensitivity and HDL and decreasing TG and
LDL. Ghalavand et al. showed that continuous
aerobic exercise significantly reduced the level
of blood glucose, LDL and a significant
increase in HDL plasma levels in diabetic
patients. Also, there was a significant decrease
in blood glucose and a significant increase in
plasma HDL after vigorous training (15). Most
studies have investigated the effect of
endurance and resistance training on lipid

profile and other parameters related to
diabetes.

One of the sport protocols is interval training
that is associated with a greater variety and
less fatigue, and attracts many enthusiasts. In
the present study, the effect of eight weeks of
high intensity interval training (HIIT) on lipid
profile (TG, LDL and HDL), FBS and HbAc
levels in streptozotocin-induced diabetic rats
was investigated

Materials and Methods

In this experimental study, 60 male Wistar rats
(mean weight (zSD) 256 (+ 9.6) grams) were
randomly divided into six groups; healthy,
diabetic, diabetic + metformin, healthy +
training, diabetic + training and diabetic +
training + metformin. After two weeks of
training, the training groups were prepared to
work on the treadmill of the mouse to prepare
the desired protocols. T2DM was induced by
injection of nicotinamide and streptozotocin.
Intra-peritoneal injection was performed on
rats after 12 hours of fasting, 45 mg / kg
streptozotocin dissolved in 500-300 landa
serum physiology. For 15 minutes before
streptozotocin injection, 110 mg / kg of
nicotinamide was dissolved in the physiologic
serum and injected. After 7 days, blood
glucose was measured. A glucose tolerance
test was also performed to ensure the accuracy
of blood glucose test. Rats with the blood
glucose greater than 150 mg / dL were
considered as diabetic.

The rats were practiced for one week and three
days each day, and 15 minutes each day, at
speeds of 20 m / min, were practiced on the
treadmill. Subsequently, an increasing number
of tests were performed to determine the
maximum working load of rats in the training
groups. The test started at speeds of 6 m / min,
and every three minutes, the speed was
increased until the animal was not able to run
(three times remaining and falling from the
speed of treadmill) and determined the
maximum load for each rat. After diagnosing
the maximum work, the speed required for the
desired intensity was calculated. The
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beginning of the training was done at 9 AM.
Two similar treadmills were used to control
the training time. After every two weeks, the
maximum sever of rats activity was set again,
and the principle of overload was applied in
this way. The training process started with
10minutes warming (50 to 60 percent of
maximum work load), and then the main
exercise was performed according to table 1
(16,17).

To eliminate the effects of exercise and
uncontrollable variables, 24 hours after the last
training session, the weight of the rats was first
measured using a digital scale. Then, with
ethical principles and with intraperitoneal
injection, a combination of ketamine (30 to 50
mg / kg body weight) and xylazine (3 to 5 mg/
kg body weight), the rats were anesthetized
and directly 10 ml of blood of the heart was
taken from the rats and centrifuged for 15
minutes at a speed of 3,000 rpm. The lipid
profile (LDL, HDL, TG and total cholesterol)
and glucose were measured by colorimetric
method using Pars Test (Iran) and HbA ¢ kits
by chromatography.

This study was ethically approved according
IR.MEDILAM.RES.1396.29 in Ilam
University of medical sciences.

The Kolmogorov-Smirnov test was used to
check the normal distribution of data. One-
way ANOVA and post-hoc post hoc test were
used to examine the differences between
groups of each indicator. SPSS 16 was used to
examine the data.

Results

TG of the diabetic control and the diabetic +
training group was not significantly different
(P-value: 0.07). TG levels were low in diabetic
training and diabetic training + metformin in
comparison with the diabetic control group (P-
value: 0.001). It was also lower in the diabetic
training group in comparison with the diabetic

training + metformin (P-value: 0.01).
However, this was controlled by the diabetic +
metformin group more than the diabetic group
(P-value: 0.001).

LDL level were reported in diabetic and
exercise diabetic groups + metformin higher
than the diabetic control group (P-value:
0.01).Cholesterol level in the diabetic training
group was less than those of diabetes control
and diabetic training + metformin (P-value:
0.034).This was also lower in the diabetic
training + metformin group than in diabetic
control (P-value: 0.01). The blood glucose
level differs between the diabetes control
group, the diabetes + HIIT groups (P-value:
0.004) and diabetes + HIIT + metformin (P-
value: 0.01).

Similarly, there was a significant difference
between diabetes+ metformin and diabetes +
HIIT + metformin groups (P-value: 0.009).
Blood glucose levels were lower in diabetic
training and diabetic training + metformin
groups in comparison with diabetic controls.
However, this was higher in the diabetic
training group compared to the diabetic
training+ metformin. The HbAc level was
significantly different in the diabetic and
diabetes control + metformin (P-value: 0.01),
diabetes + HIIT (P-value: 0.001) and diabetes
+ HIIT + metformin (P-value: 0.001). Also,
this level was not significant in the diabetic
control + metformin with diabetic+ HIIT +
metformin group (P-value: 0.6). The mean and
standard deviation of the studied groups are
shown in Table 2.

Discussion

Diabetes is a chronic disease, and the main
symptom of the disease is the increase in
serum glucose, which itself causes the
emergence and exacerbation of its short-term
and long-term complications. Sport activity
can be considered as an appropriate strategy to

Table 1. The high intensity interval training instructions

Training steps Warming up

Main body (three interval)

Cooling down

Variables high low
Training time (min) 6 4 2 6
Training levels 50 to 60 % 90 to 100 % 50 to 60 % 50 to 60 %
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Table2. Lipid profile and blood glucose in studied groups after intervention

Cruues Healthy Diabetic Ll Oy

Healthy+ Diabetic + Diabetic + HIIT
P-value

Variables Metformin HIIT HIIT + Metformin

Weight (g)

gD 262(45.8) 222(£12.5) 204(£107)  274(x6.6) 288(x11.1)  288(26.9) 0.0001
TG (mg/dl)

mean (25D 45.8(9) 131(2247) 12144262 47278  582+10.04 71493 0.0001
LU gl 41224 344424 2544304 422412 32242 3342.1 0.003
mean (+ SD)

Lt (@it 16240.66 1920 208044  19.6404  19.6:08 19.620.5 0.0001
mean (+ SD)

Cholesterol mg/dl) ;579 6 6235 50442 612449 584429 58.6+1.3 0.014
mean (+ SD)

Blood sugar (mg/dl) ¢, 5,337 4316401 4062916 1514261 215.6£9.6 13128.1 0.0001
mean (+ SD)

SIbky(72) 3.0620.04 658058 482024  3.1420.1 348404 3.3620.16 0.0001
mean (+ SD)

improve lipid and glycemic control and reduce
the complications of diabetes in T2DM
patients (18). A very intense periodic exercise
that is accompanied by a greater variety and
less fatigue is one of the activities that
attracted a lot of enthusiasts. Therefore, the
aim of this study was to determine the effect of
HIIT on lipid profile, glucose and HbAc in
diabetic rats with streptozotocin. The results of
this study were consistent with the study by
Chen et al (19) and Hordern et al. (20). But the
results of the research by Mercuri et al. (21)
and Yanget al (22) were inconsistent. This
difference between the results of various
studies can be attributed to the difference
between the severity, duration and the
difference between the age and gender of the
research samples. On the other hand, TG
levels in the exercise group were much lower
than that of the diabetic + metformin
indicating that the training efficiency in
reducing TG was much higher than the
efficacy of just taking the medication. This can
be a significant benefit of exercising in
reducing the TG in diabetic people compared
to using only medication in these individuals.

The findings of this study showed that the
HDL level in the diabetic group (32.2 £ 2) and
diabetic training + metformin (33 + 2.1) was
lower than diabetic (34.4+2.4). This non-
significant reduction in the training group is in
contradiction with the findings of some
researchers. (23,24). It is also consistent with
the findings of Iglayet al (25) and Karstoftet al
(26). Karstoft et al. did not find a significant

difference in HDL and LDL after four months
of continuous aerobic exercise, which is in line
with the current study. Earlier studies have
shown that aerobic exercise and resistance
training increased the HDL level and did not
significantly changing in LDL levels (27). The
possible reason for this difference is because
of the difference in the test characteristics or
the difference in the practice protocol.

In the present study, there was no significant
difference between LDL Ilevels between
exercise and control groups. However, it was
lower in the training group (19.6 £ 0.4) than in
the control group + metformin (20 + 0.44),
indicating the efficacy of HIIT than taking the
drug in reducing the amount LDL. Lipid
disorders are very common in patients with
T2DM. Increasing LDL and decreasing HDL
leads to increased cardiovascular disease in
these patients (28). One of the most common
forms of dyslipidemia in people with T2DM is
high TG and HDL reduction (29). Many
studies have also shown that increased TG,
LDL and HDL reduction are the most
important risk factors for cardiovascular
disease (30). As shown, an approximately 5%
reduction in LDL levels is clinically important.
For example, 1% reductions in LDL lead to a
1.7 % reduction in the risk of coronary artery
disease. In this study, exercise did not reduce
LDL, but it is possible that by modifying the
intensity and duration of exercise, it can
reduce the amount of it and prevent
cardiovascular disease. According to the data
in Table 2, cholesterol levels in training
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diabetic groups (58.4 + 2.9) and training
diabetic + metformin (58.6 + 1.3) were lower
than that of the diabetic group (6 £ 5.3 / 60)
but was not significant. These findings are
consistent with the results of the study by
Marwick et al. (31) and Dunstan et al. (32),
which showed that a period of training reduces
total cholesterol in patients with T2DM. A
study showed that aerobic exercise reduced
total cholesterol in diabetic patients (27),
which was consistent with the results of this
study. Reducing cholesterol is probably due to
increased reverse transmission of cholesterol
and conversion to HDL, which can prevent
cardiovascular disease. Reverse transfusion
leads to the accumulation of excess cholesterol
from peripheral tissues, including arterial wall
macrophages, and their return to the liver for
metabolism, with the re-development of
immature HDL, which can prevent
atherosclerosis (33). Researchers find that the
main mechanism of reducing plasma TG, total
cholesterol and LDL concentrations after
exercise is due to increase the amount of
lipoprotein lipase (LPL) enzymes and reduce
TG lipase enzyme (34). The LPL enzyme is
one of the most important enzymes in the
process of regulating the metabolism of TG
and lipoproteins, often found in adipose tissue
and skeletal muscle (19). In the present study,
increased LPL activity may be due to
increased muscle activity followed by
increased demand for free fatty acids as a
substrate for energy production. As a result of
this, the cholesterol withdrawal increases,
followed by a decrease in TG and total
cholesterol and its plasma level decreases.
This study showed that HbAic levels were
significantly lower in the training groups (3.48
+ 0.4) than in the control group (6.5 £ 0.58)
and diabetic + drug consuming (4.8 + 0.24).
This result was not consistent with the Ghiasi
et al investigation that shown eight weeks of
aerobic training had a significant effect on
glycosylated hemoglobin in diabetic women

(13). A more effective exercise in reducing the
amount of HbA;c compared with merely using
metformin can be considered as a significant
advantage. The results of this study showed
that eight weeks of high interval training lead
to a significant decrease in blood plasma
glucose. The results of this study were
consistent with the preview research by
Amitas et al (35,36). Sports activities increase
the number of glucose carriers and, as a result,
increase the entrance of sugars into muscle
cells and the consumption of sugars (8). Sports
activities have an insulin-like effect and send a
lot of glucose into the cell to spend on energy
production. In this study, blood glucose levels
in the diabetic group were significantly lower
than that of the diabetic control group and
diabetic + metformin which suggested that
intense activity may be a good alternative
instead of medication to reduce glucose in
diabetic rats.

Conclusions

In general, the findings of this study showed
that HIIT can reduce blood glucose, TG,
cholesterol and HbA;c in T2DM patients.
Similarly, the decrease in TG, glucose and
HbAic levels in these patients was more
severe after HIIT than metformin consuming
alone. Therefore, HIIT can be considered as an
important strategy for improving lipid profiles,
controlling blood glucose levels in T2DM. It
can be considered as an effective
interventionist approach. However, further
studies are needed to clarify other mechanisms
involved.

Acknowledgments

This research is a part of a PhD thesis in the
field of exercise physiology. We would like to
specifically thank the Department of Clinical
Biochemistry and Animal Clinic of Ilam
University of Medical Sciences.

148 IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 10, NUMBER 3, AUTUMN 2018


https://ijdo.ssu.ac.ir/article-1-430-en.html

[ Downloaded from ijdo.ssu.ac.ir on 2025-07-12 ]

Y. Mahmoudi et al.

References

1.

10.

Esteghamati A, Gouya MM, Abbasi M, Delavari
A, Alikhani S, Alaedini F, Safaie A, Forouzanfar
M, Gregg EW. Prevalence of diabetes and impaired
fasting glucose in the adult population of Iran:
National Survey of Risk Factors for Non-
Communicable Diseases of Iran. Diabetes care.
2008;31(1):96-8.

Azimi-Nezhad M, Ghayour-Mobarhan MP,
Parizadeh MR, Safarian M, Esmaeili H, Parizadeh
SM, Khodaee G, Hosseini J, Abasalti Z,
Hassankhani B, Ferns G. Prevalence of type 2
diabetes mellitus in Iran and its relationship with
gender, urbanisation, education, marital status and
occupation. Singapore medical journal. 2008 Jul
1;49(7):571.

Larejani B, Zahedi F. Epidemiology of diabetes
mellitus in Iran. Iranian Journal of Diabetes and
Metabolism. 2001;1(1):1-8.

Mayer-Davis EJ, D'Agostino Jr R, Karter AlJ,
Haffner SM, Rewers MJ, Saad M, et al. Intensity
and amount of physical activity in relation to
insulin  sensitivity: the Insulin  Resistance
Atherosclerosis Study. Jama. 1998;279(9):669-74.
Kadoglou NP, Tsanikidis H, Kapelouzou A, Vrabas
I, Vitta I, Karayannacos PE, et al. Effects of
rosiglitazone and metformin treatment on apelin,
visfatin, and ghrelin levels in patients with type 2
diabetes mellitus. Metabolism. 2010;59(3):373-9.
Zabetian A, Sanchez IM, Narayan KV, Hwang CK,
Ali MK. Global rural diabetes prevalence: a
systematic review and meta-analysis covering
1990-2012. Diabetes research and clinical practice.
2014;104(2):206-13.

American Diabetes Association. Diagnosis and
classification of diabetes mellitus. Diabetes care.
2014;37(1):81-90.

Taguchi T, Kishikawa H, Motoshima H, Sakai K,
Nishiyama T, Yoshizato K, Shirakami A, Toyonaga
T, Shirotani T, Araki E, Shichiri M. Involvement of
bradykinin in acute exercise-induced increase of
glucose uptake and GLUT-4 translocation in
skeletal muscle: studies in normal and diabetic
humans and rats. Metabolism-Clinical and
Experimental. 2000;49(7):920-30.

Hales CN, Barker DJ. Type 2 (non-insulin-
dependent) diabetes mellitus: the thrifty phenotype
hypothesis. International journal of epidemiology.
2012;42(5):1215-22.

Grundy SM, Benjamin IJ, Burke GL, Chait A,
Eckel RH, Howard BV, Mitch W, Smith Jr SC,
Sowers JR. Diabetes and cardiovascular disease: a
statement for healthcare professionals from the
American  Heart  Association.  Circulation.
1999;100(10):1134-46.

1.

12.

13.

14.

16.

17.

20.

Shavandi N, Saremi A, Ghorbani A, Parastesh M.
Relationship between adiponectin and insulin
resistance in type II diabetic men after aerobic
training. Arak Medical University Journal.
2011;14(2):43-50. (In Persian)

Bahrami A, Saremi A. Effect of caloric restriction
with or without aerobic training on body
composition, blood lipid profile, insulin resistance,
and inflammatory marker in  middle-age
obese/overweight men. Arak Medical University
Journal. 2011;14(3):11-9. (In Persian)

Ghiasi E, Manesh MH, Daryanoosh F,
Nazemzadeghan G. Effect of eight weeks aerobic
exercise on plasma level of agouti-related protein,
glycated hemoglobin and glucose in non-active
type II diabetic women. Journal of Gorgan
University of Medical Sciences. 2015;17(3).
Azimidokht SMA, Mogharnasi M, Kargar Shouroki
MKH, Zarezade mehrizi AA. The effect of eight
weeks of periodic training on insulin resistance and
fatty profile of type 2 diabetic men treated with
metformin. Journal of Sport Biosciences.
2016;7(3):461-476. (In Persian)

. Eatemady BA, Kargarfard M, Mojtahedi H,

Rouzbehani R, Dastbarhagh H. Comparison of the
effects of 8-weeks aerobic training and resistance
training on lipid profile in patients with diabetes
type 2. Journal of Isfahan Medical School.
2015;32(282):524-33. (In Persian)

Hadidi V, Kordi M, Gaeini A, Nekoei A, Shafiei A,
hajati M. Effect of eight weeks high intensity
interval training on gene expression of PGC-1a, in
male healthy rats fast-slow twitch muscles Journal
of Sport Biosciences. 2016;7(4):661-73. (In
Persian)

Shabani M, Sherafati Moghadam M, Daryanoosh
FA. Effect of four weeks high intensity interval
training versus aerobic exercise on metallothionein
levels of myocardial tissue in rats. The Journal of
Qazvin  University of Medical Sciences.
2016;20(3):13-9.

. Martinus R, Corban R, Wackerhage H, Atkins S,

Singh J. Effect of psychological intervention on
exercise adherence in type 2 diabetic subjects.
Annals of the New York Academy of Sciences.
2006;1084(1):350-60.

. Chen KT, Yang RS. Effects of exercise on lipid

metabolism and musculoskeletal fitness in female
athletes. World journal of gastroenterology.
2004;10(1):122.

Hordern MD, Cooney LM, Beller EM, Prins JB,
Marwick TH, Coombes JS. Determinants of
changes in blood glucose response to short-term
exercise training in patients with Type 2 diabetes.
Clinical Science. 2008;115(9):273-81.

IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 10, NUMBER 3, AUTUMN 2018 149


https://ijdo.ssu.ac.ir/article-1-430-en.html

[ Downloaded from ijdo.ssu.ac.ir on 2025-07-12 ]

HIIT on blood lipid and glucose

21.

22.

23.

24.

25.

26.

27.

28.

150

Mercuri N, Olivera E, Souto A, Guidi M. Yoga
practice in people with diabetes. International
Journal of Yoga Therapy. 2003;13(1):69-73.

Yang K, Bernardo LM, Sereika SM, Conroy MB,
Balk J, Burke LE. Utilization of 3-month Yoga
program for adults at high risk for type 2 diabetes: a
pilot study. Evidence Based Complementary and
AlternativeMedicine. 2009;2011:31.

Hajihasani A, Bakhtiari AH, Taghikhani M. Effects
of eccentric and concentric exercises on some blood
biochemical parameters in patients with type 2
diabetes. Koomesh. 2012 Mar 19:338-44. (In
Persian)

Rashidlamir A, Alizadeh A, Ebrahimiatri A,
Dastani M. The effect of four-week period of
aerobic exercise with cinnamon consumption on
lipoprotein indicates and blood sugar in diabetic
female patients (type 2). Journal of Shahid
Sadoughi University of Medical Sciences. 2013 Jan
15;20(5):605-14. (In Persian)

Iglay HB, Thyfault JP, Apolzan JW, Campbell
WW. Resistance training and dietary protein:
effects on glucose tolerance and contents of skeletal
muscle insulin signaling proteins in older persons—.
The American journal of clinical nutrition.
2007;85(4):1005-13.

Karstoft K, Winding K, Knudsen SH, Nielsen JS,
Thomsen C, Pedersen BK, et al. The Effects of
Free-Living  Interval-Walking  Training on
Glycemic Control, Body Composition, and Physical
Fitness in Type 2 Diabetic Patients A randomized,
controlled trial. Diabetes care. 2013:36(2):228-36.
Eatemady-Boroujeni A, Kargarfard M, Mojtahedi
H, Rouzbehani R, DastbarhaghH. Comparison of
the Effects of 8-Weeks Aerobic Training and
Resistance Training on LipidProfile in Patients with
Diabetes Type 2. Journal of Isfahan Medical
School. 2014;32(282):524-33.

Lapolla A, Piarulli F, Sartore G, CerielloA,Ragazzi
E, Reitano R, et al. Advanced glycationend
products and antioxidant status in type 2diabetic
patients with and without peripheralartery disease.
Diabetes Care. 2007;30(3):670-6.

29.

30.

31.

32.

33.

34.

35.

36.

Rapaport E, Bilheimer DW, Chobanian AV, Hajjar
DP, Hawkins CM, Hutchins GM, et al.
Triglyceride, high-density lipoprotein, and coronary
heart disease. Jama. 1993;269(4):505-10.

Grundy SM, Benjamin 1J, Burke GL, Chait A,
Eckel RH, Howard BV, et al. Diabetes and
cardiovascular disease: a statement for healthcare
professionals from the American Heart Association.
Circulation. 1999;100(10):1134-46.

Marwick TH, Hordern MD, Miller T, Chyun DA,
Bertoni AG, Blumenthal RS, Philippides G,
Rocchini A. Exercise training for type 2 diabetes
mellitus. Impact on cardiovascular risk. A scientific
statement from the American Heart Association.
Circulation. 2009;119(25):3244-62.

Dunstan DW, Daly RM, Owen N, Jolley D,
DeCourt, Shaw J, et al. High-intensity
resistancetraining improves glycemic control in
older patients with type 2 diabetes. Diabetes Care.
2002;25(10):1729-36.

Bacchi E, Negri C, Zanolin ME, Milanese C,
Faccioli N, Trombetta M, Zoppini G, Cevese A,
Bonadonna RC, Schena F, Bonora E. Metabolic
effects of aerobic training and resistance training in
type 2 diabetic subjects: a randomized controlled
trial (the RAED2 study). Diabetes care.
2012;35(4):676-82.

Parente EB, Guazzelli I, Ribeiro MM, Silva AG,
Halpern A, Villares SM. Obese children lipid
profile: effects of hypocaloric diet and aerobic
physical exercise. Arquivos Brasileiros de
Endocrinologia & Metabologia. 2006;50(3):499-
504.

Amita S, Prabhakar S, Manoj I, Harminder S,
Pavan T. Effect of yoga-nidra on blood glucose
level in diabetic patients. Indian Journal of
Physiology and Pharmacology 2009:53 (1):97-101
Gordon L, Morrison EY, McGrowder D, Penas YF,
Zamoraz EM, Garwood D, Alexander-Lindo R,
Irving R. Effect of yoga and traditional physical
exercise on hormones and percentage insulin
binding receptor in patients with type 2 diabetes.
American  Journal ~of  Biochemistry and
Biotechnology. 2008;4(1):35-42.

IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 10, NUMBER 3, AUTUMN 2018


https://ijdo.ssu.ac.ir/article-1-430-en.html
http://www.tcpdf.org

