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. ABSTRACT

L Background and Aim: A cardiac rehabilitation program (CRP) is a non-pharmacological
Article info: :  treatment for patients with coronary heart disease (CHD). The present study investigates the
Received: 10 Aug 2022 . effects of CRP on adiponectin and lipid profiles in CHD patients for 8 weeks.
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Materials and Methods: A total of 60 patients with CHD were divided into 2 groups: the
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exercise group (EG), who completed a series of CRP (3 times a week, in the morming at 60%-
85% of maximum heart rate, lasted 45-60 min for 8 weeks), and a control group who did not
exercise during 8 weeks. In each group, 16 patients were female and 14 patients were male
(n=30). The body mass index, waist-to-hip ratio, and cardiorespiratory variables were determined
at baseline after the 8 weeks. Medication and diet remained unchanged in both groups during this
period. The data were evaluated by the independent t-tests via the SPSS software, version 26.
The significant level was considered P<0.05.

Results: The results showed a significant difference in anthropometric and cardiorespiratory

variables, except in resting diastolic blood pressure between the two groups after CRP. Also,

a significant decrease was observed in the exercise group for serum total cholesterol, low-

. density lipoprotein, and triglycerides levels, resting diastolic blood pressure, body weight, body

Keywords: *  mass index, waist-to-hip ratio, and a significant increase for functional capacity, high-density
¢ lipoprotein, and adiponectin levels compared to baseline (P<0.05). The high-density lipoprotein-

Coronary heart disease, . . .

Car diaaglehabilitation cholesterol level in the exercise group was higher than the control group after CRP (P<0.05).
program, Adiponectin, :  Conclusion: Cardiac rehabilitation based on aerobic exercise training may improve plasma lipid
Lipid profile :  profile and adiponectin level in CHD patients, in the absence of changes in diet or medication.
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Introduction

oronary heart disease (CHD) is one of the
world’s top 10 causes of mortality. The
prevalence of CHD has increased mark-
edly in Iran in recent years [1]. It can re-
sult in myocardial infarction [2]. CHD has
a considerable relationship with various
factors in the body.

Adiponectin is a 244-amino acid protein, and its high
levels can reduce CHD [3]. This protein has anti-ath-
erosclerotic and anti-inflammatory properties that may
play an important role in preventing the progression of
CHD. Therefore, low adiponectin levels are a good bio-
marker for the diagnosis of early-stage atherosclerosis
and coronary artery disease (CAD) [4]. Adiponectin is
produced almost exclusively in adipose tissue in healthy
people while it is paradoxically downregulated in obese

people [5].

Current guidelines recommend that cardiac rehabilita-
tion programs (CRP) may improve the functional status
of CHD patients [6]. Physical activity has considerable
benefits in patients with myocardial infarction and may
reduce the risk of mortality following a heart attack [7].
Physical activity impacted the risk factors of CHD as fol-
lows: Reducing resting blood pressure, management of
body weight, improving lipid profile, increasing insulin
sensitivity, decreasing blood clotting, and increasing fi-
brinolytic activity [8].

Some studies found that plasma adiponectin concen-
trations increased with a fixed period or frequency of
exercise [9, 10]; however, others found that adiponectin
decreased or remained unchanged with physical activ-
ity [11, 12]. These results are controversial. The present
study evaluates the changes in circulating adiponectin
and plasma lipids parameters in CHD patients with a
comprehensive CRP compared to those who have not
had any physical exercise training after 8-weeks of CRP.

Material and Methods

Study participants

A total of 60 patients with CHD (aged 51-75 years)
were referred to Isfahan Cardiovascular Research Cen-
tre between February 2011 to December 2012. The
participants were randomly divided into 2 groups: The
exercise group and the control group. The exercise
group (mean age=64.17+5.58 years) received a CRP
(3 times a week, in the morning, at 60%-85% of maxi-
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mum heart rate [MHR], lasted 45-60 min for 8 weeks).
The control group received no exercise program (mean
age=063.7346.04 years). In each group, 16 patients were
female and 14 patients were male (n=30).

Following informed consent, all patients were followed
up regularly at the CRP center. The participants received
psychological and nutritional counseling. During the
eight weeks, there were also weekly educational sessions
about cardiovascular diseases, which introduced risk
factors, diagnoses and treatment approaches, medica-
tions and their complications, stress reduction methods,
and a healthy lifestyle.

Study criteria

The inclusion criteria were as follows: a) Being approved
in the physical, physiological, and psychological test; b) Re-
siding and working in Isfahan City, Iran; ¢) Not having par-
ticipated in regular physical activities; and d) Having a stable
heart failure for at least 3 months. Meanwhile, the exclusion
criteria were as follows: a) History of surgery within the pre-
vious 4 months; b) Existence of unstable angina, acute phase
of myocardial infarction or unstable arrhythmia; ¢) Having
of obstructive cardiomyopathy, exercise-induced ischemia,
arrhythmias, hypertension, resting blood pressure more than
200/120 mmHg, aortic stenosis; d) Exercise limitation due to
neuromuscular and or musculoskeletal diseases; ¢) Uncon-
trolled systemic disease, such as diabetes mellitus, migraine;
f) Being older than 75 years; h) The neurological disorders,
such as depression and anxiety. A checklist was completed
for the patients at the time of admission according to medical
history and physical examination.

Physical and physiological measurements

One week before the initiation of the rehabilitation pro-
gram, the subjects visited in the morning after a 12-h fast in
the laboratory, having refrained from physical activity for
24 h. The weight and height of all participants were mea-
sured. Then, the body mass index (BMI) was calculated as
weight/height? (kg/m?). After a 5-min rest, the blood pres-
sure (BP) was measured with a standard sphygmomanom-
eter from the right arm in a sitting position.

The patients were evaluated in the body mass, BMI,
waist to hip (WHR), and cardiorespiratory variables,
including functional capacity (FC), resting heart rate
(RHR), resting systolic blood pressure (RSBP), and rest-
ing diastolic blood pressure (RDBP) on 1 week before
training and 1 day following the CRP. They performed
no exercise a day before the test and consumed their last
meal at least 3 h before CRP.

Kargarfard M, et al. Cardiac Rehabilitation and Coronary Heart Disease. JVC. 2023; 4(1):29-36..
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Exercise training program

The exercise training was performed 3 times per week
for eight weeks based on a previous study with a slight
modification [13]. Each exercise session, includes 10
min of warm-up, 40 min of aerobic exercise, stretching,
balance, treadmill walking, bicycle exercises, and 10 min
of cool-down. The average exercise intensity for each
individual was calculated from the heart rate maximum
(HRmax) achieved during the exercise test based on a
modified version of the Bruce treadmill protocol [14].
The exercise training intensity started at a level between
60% and 65% of the HRmax and gradually increased so
that the patients were exercising at 75%—80% HRmax in
the eighth week. Finally, intensity, duration, resting and
HR, and blood pressure were recorded for each session.

Blood sampling

Blood samples were obtained from all subjects 48 h be-
fore and after the CRP. After the centrifugation of blood,
serum and plasma were immediately frozen at -80°C.
Serum levels of adiponectin and lipid profile including
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total cholesterol (TC), low-density lipoproteins (LDL),
triglyceride (TG), and high-density lipoproteins (HDL)
levels were assayed using an ELISA kit (Biovendor,
Germany).

Statistical analysis

The data were reported as Mean+SD and analyzed us-
ing the SPSS software, version 26 (SPSS Inc., Chicago,
IL, USA). Data normality was evaluated using the Kol-
mogorov-Smirnov test. The data were evaluated by the
independent t-tests. P<0.05 was considered statistically
significant.

Results

There was no significant difference in all cardiorespi-
ratory and hemodynamics parameters between exercise
and control groups at baseline (P>0.05). Also, no signifi-
cant difference was observed in lipid profiles between
the two groups (Table 1).

Table 1. Comparison of anthropometric variables, cardiorespiratory, and blood markers at baseline

Characteristics Exercise Control P
Age (y) 64.1745.58 63.73+6.04 0.77
Height (m) 165.48+7.58 165.39+8.07 0.96
Weight (kg) 83.27+6.99 84.67+9.15 0.19
BMI (kg/m?) 31.45+1.73 31.44+1.42 0.08
WHR (cm) 1.00+0.02 0.99+0.03 0.65
FC (MET) 7.26%£1.76 7.52+1.76 0.57
RHR (beat/min) 77.70+£5.03 78.03+7.38 0.84
RSBP (mm/Hg) 131.6049.01 130.20+6.52 0.49
RDBP (mm/Hg) 85.23+6.33 84.0045.13 0.41
TC (mg/dL) 271.83+61.61 275.87455.10 0.79
HDL (mg/dL) 36.37+6.05 37.37+5.16 0.49
LDL (mg/dL) 135.37+£24.92 132.10+22.52 0.60
TG (mg/dL) 186.67+75.24 188.00+58.89 0.94
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Note: P, derived from independent student t-tests for significant differences between groups in the baseline.

Abbreviations: BMI: Body mass index; WHR: Waist-to-hip ratio; FC: Functional capacity; RHR: Resting heart rate; RSBP: Rest-
ing systolic blood pressure; RDBP: Resting diastolic blood pressure; TC: Total cholesterol; HDL: High-density lipoprotein;
LDL: Low-density lipoprotein; TG: Triglyceride.
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Table 2. Comparison of anthropometric and cardiorespiratory variables in exercise and control groups before and after cardiac
rehabilitation program

Exercise Control
Characteristics P?
Before After p! Before After P!
Weight (kg) 83.27+6.99 77.90+8.12 0.001" 84.67+9.15 88.2049.13 0.31 0.001%
BMI (kg/m?) 31.45+1.73 29.44+2.63 0.001" 31.44+1.42 31.71+1.57 0.2 0.02#
WHR (m) 1.00£0.02 0.93+0.05 0.001" 0.99+0.03 1.03+0.04 0.001" 0.001%
FC (MET) 7.26%1.76 9.45+1.46 0.001" 7.52+1.76 7.23+1.60 0.006™ 0.02#
RHR (beat/min) 77.70+5.03 73.33+4.08 0.001" 78.03+7.38 80.37+7.12 0.001" 0.02%
RSBP (mm/Hg) 131.60+9.01 124.77+7.29 0.001" 130.20£6.52 134.5316.50 0.002™ 0.02%
RDBP (mm/Hg) 85.2346.33 84.07+4.32 0.15 84.00+5.13 84.53+4.56 0.30 0.76
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ISignificant difference between before and after the study in each group, *Significant differences between exercise and control

groups after 8 weeks of CRP, 'P<0.001, “P<0.01 comparison before and after CRP in each group, *P<0.001, #P<0.05 between
exercise and control groups after CRP.

Abbreviations: BMI: Body mass index; WHR: Waist-to-hip ratio; FC: Functional capacity; RHR: Resting heart rate; RSBP: Rest-
ing systolic blood pressure; RDBP: Resting diastolic blood pressure.

Table 3 shows the serum levels of lipid profiles and adi-
ponectin in two groups before and after the 8 weeks of
the study. There was no significant difference in the lipid
profiles, including TC, LDL-cholesterol, triglycerides,
and plasma adiponectin levels between the two groups
(P>0.05), while the level of HDL-cholesterol in the ex-
ercise group was higher than the control group after CRP
(P<0.05). Also, in comparison with the baseline data, the
exercise group showed significantly lower scores on the
blood markers, including triglycerides, LDL-cholesterol,

Table 3. Comparison of plasma adiponectin levels and lipid profile in exercise and control groups before and after cardiac
rehabilitation program

Cardiorespiratory fitness and hemodynamics parame-
ters in each group before and after the eighth session are
shown in Table 2. It shows the differences in all param-
eters, except for RDBP between the exercise and control
groups (P<0.05). Also, body weight, BMI, WHR, RHR
RSBP, and FC significantly improved in patients after
exercise. The FC was significantly decreased after 8
weeks in the control group (P<0.05).

Exercise Control
Characteristics p?
Before After p? Before After p!
Total cholesterol (mg/dL)  271.83+61.61 246.27+57.80 0.001" 275.87455.10  268.57+5.97 0.19 0.36
HDL-cholesterol (mg/dL) 36.3746.05 41.40+5.98 0.001" 37.3745.16 36.60+4.77 0.06 0.03*
LDL-cholesterol (mg/dL) 135.37£24.92 124.43+19.36 0.001" 137.53+19.68 135.43+16.89 0.11 0.21
Triglyceride (mg/dL) 186.67+75.24  176.97+69.97 0.001" 188.00+58.89  183.07+50.80 0.32 0.82
Adiponectin (ug/mL) 5.08+0.96 6.82+1.19 0.002™ 5.66+1.07 5.61+1.20 0.82 0.14
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ISignificant difference between before and after the study in each group, *Significant differences between exercise and control

groups after 8 weeks of CRP, P<0.001, "P<0.01 comparison before and after CRP in each group, “P<0.05 between exercise and
control groups.

HDL: High-density lipoprotein; LDL: Low-density lipoprotein.
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Figure 1. Associations between sex and levels of lipid profiles in exercise and control groups after cardiac rehabilitation program
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Figure 2. Associations between sex and adiponectin level in exercise and control groups at baseline and after CRP
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and TC after CRP. However, the levels of HDL-choles-
terol and adiponectin increased following the 8-week
exercise-training program (P<0.01). In contrast, there
was no significant difference in lipid profiles (triglyc-
erides, LDL- LDL-cholesterol, TC, HDL-cholesterol)
and adiponectin levels before and after the 8-week in the
control group (P>0.05).

Figure 1 shows how the distributions of lipid biomark-
ers changed in control and exercise groups by sex. There
was a significant reduction in triglycerides, TC, and
LDL-cholesterol levels in exercised women compared to
women without a training program (P<0.01). Moreover,
an increased level of HDL-cholesterol was observed in
women and men after CRP (P<0.01). However, there was
no significant difference in triglycerides and TC levels in
men’s groups after exercise (P>0.05). Also, an exercise-
training program could significantly increase the level of
adiponectin in men and women patients compared to the
baseline (P<0.05) (Figure 2).

Discussion

We looked at how an 8-week cardiac rehabilitation pro-
gram affected on lipid profiles and plasma adiponectin
levels in CHD patients. According to the study’s find-
ings, patients who received CRP for 8 weeks had higher
serum levels of adiponectin with significant reduction in
body weight, BMI, and WHR. Weight loss and reduction
of BMI can improve adiponectin levels in plasma [15].

Adiponectin synthesized by adipose tissue reduces
blood glucose, inflammatory cytokines, and oxidative
stress. It can lead to an improvement in insulin resis-
tance. Also, adiponectin has anti-atherosclerotic and
anti-inflammatory properties that may play an important
role in preventing the progression of CAD [16]. In our
study, the levels of LDL and TC decreased while an in-
crease was observed in the level of adiponectin after an
8-week cardiac rehabilitation program. The low adipo-
nectin expression in blood fluid is related to CAD [17].
Stojanovic et al. showed that low levels of adiponectin
and insulin/adiponectin resistance were associated with
CAD [18]. In addition, a low level of adiponectin may
lead to the development of metabolic syndrome, insulin
resistance, and hypertension in children which is related
to a high prevalence of cardiovascular disorders [19].
Adiponectin includes 3 major forms: Low—molecular
weight, middle-molecular weight, and high-molecular
weight. Physical activity may impact different forms of
adiponectin [20]. A study showed that adiponectin lev-
els correlated directly with exercise training [21], while
another study revealed no changes in adiponectin levels
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after exercise training [22]. Moreover, the adiponectin
levels in different diseases, such as breast cancer, hyper-
tension, and Type II diabetes mellitus may increase [23].
Yokoyama et al. confirmed that the use of diet and ex-
ercise provided no changes in adiponectin levels after 3
weeks [24]. The results of our findings are not consistent
with this study. It may be because of the short time exer-
cise (3 weeks). Becic et al. in 2018 showed that aerobic
exercise can increase adiponectin levels in prediabetic
and diabetic adults [25]. Another study evaluated the ef-
fect of 8 weeks of combined rehabilitation training on
plasma levels of leptin and adiponectin in middle-aged
men following coronary artery bypass surgery. The re-
sults showed that leptin plasma concentration had no
change while adiponectin level significantly increased
after the rehabilitation training [26]. Therefore, regular
physical exercise can play a positive role in the reduc-
tion of cardiovascular disorders [27]. Mechanistically,
exercise increases the production of endothelial nitric
oxidase and Snitrosylation pathways in cardiac cells
leading to a decrease the reactive oxygen species pro-
duction. Thus, this mechanism provides a cardioprotec-
tion against heart injuries [28].

Total adiponectin has a reverse correlation with adipos-
ity, triglycerides, and C-reactive protein the increase of
adiponectin level and reduction of lipid profiles as one of
the functional mechanisms of regular exercise can help
to the prevention of CAD.

Conclusion

The results indicated that fairly low-intensity exercise
can successfully contribute to plasma adiponectin secre-
tion after 8 weeks of the cardiac rehabilitation program.
Also, the levels of lipid profiles decreased following ex-
ercise training in patients with CHD. So, exercise activ-
ity can be used as an operative strategy for preventing
and treatment of cardiovascular diseases.

Ethical Considerations
Compliance with ethical guidelines

This study was approved by the Isfahan Cardiovascular
Research Center Ethics Committee (Code: 0038).

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

Kargarfard M, et al. Cardiac Rehabilitation and Coronary Heart Disease. JVC. 2023; 4(1):29-36..



http://jvessels.muq.ac.ir/index.php?slc_lang=en&slc_sid=1
https://icri.mui.ac.ir/fa
https://icri.mui.ac.ir/fa

@ Journal of Vessels and Circulation
i\ Qom University of Medical Sciences

Authors' contributions

All authors participated equally in the design, execu-
tion, and writing of all parts of this research.

Conflict of interest
All authors declared no conflict of interest.
Acknowledgments

The authors would like to thank Isfahan Cardiac Re-
habilitation Research Center staff and are grateful to the
patients who gave their time to participate in the study.

References

[1] Amiri P, Mohammadzadeh-Naziri K, Abbasi B, Cheraghi
L, Jalali-Farahani S, Momenan AA, et al. Smoking habits and
incidence of cardiovascular diseases in men and women:
findings of a 12 year follow up among an urban Eastern-Med-
iterranean population. BMC Public Health. 2019; 19(1):1042.
[DOI:10.1186/s12889-019-7390-0] [PMID]

[2] Sadeghi M, kargarfard M, Yazdekhasti S, Golabchi A. Effect
of cardiac rehabilitation program on systolic function and
Left Ventricular mass in patient after myocardial infarction
post revascularization. ] Res Med Sci. 2012; 17(4):1-5. [Link]

[3] Sattar N, Wannamethee G, Sarwar N, Tchernova J, Cherry
L, Wallace AM, et al. Adiponectin and coronary heart disease:
A prospective study and meta-analysis. Circulation. 2006;
114(7):623-9. [DOI:10.1161/ CIRCULATIONAHA.106.618918]
[PMID]

[4] Souza RA, Alves CMR, de Oliveira CSV, Reis AF, Car-
valho AC. Circulating levels of adiponectin and extent of
coronary artery disease in patients undergoing elective coro-
nary angiography. Braz ] Med Biol Res. 2017; 51(2):e6738.
[DOI:10.1590/1414-431x20176738] [PMID]

[5] Bloemer J, Pinky PD, Govindarajulu M, Hong H, Judd
R, Amin RH, et al. Role of adiponectin in central nerv-
ous system disorders. Neural Plast. 2018; 2018:4593530.
[DOI:10.1155/2018 /4593530]] [PMID]

[6] Golabchi A, Basati F, Kargarfard M, Sadeghi M. Can car-
diac rehabilitation programs improve functional capacity and
left ventricular diastolic function in patients with mechani-
cal reperfusion after ST elevation myocardial infarction? A
double-blind clinical trial. ARYA Atheroscler. 2012; 8(3):125-
9. [PMID]

[7] Alves AJ, Viana JL, Cavalcante SL, Oliveira NL, Duarte JA,
Mota J, et al. Physical activity in primary and secondary pre-
vention of cardiovascular disease: Overview updated. World
J Cardiol. 2016; 8(10):575-83. [DOI:10.4330/wijc.v8.i10.575]
[PMID]

[8] Kargarfard M, Rouzbehani R, Basati F. Effects of exercise
rehabilitation on blood pressure of patients after myocardial
infarction. Int ] Prev Med. 2010; 1(2):124-30. [PMID]

Winter 2023. Volume 4. Number 1

[9] Wang X, You T, Murphy K, Lyles MF, Nicklas BJ. Addition
of exercise increases plasma adiponectin and release from
adipose tissue. Med Sci Sports Exerc. 2015; 47(11):2450-5.
[DOI:10.1249/MSS.0000000000000670] [PMID]

[10] Kim SJ, Yoon ES, Jung SY, Kim DY. Effect of uphill walking
on browning factor and high molecular weight-adiponectin
in postmenopausal women. ] Exerc Rehabil. 2020; 16(3):265-
71. [DOI:10.12965 /jer.2040334.167] [PMID]

[11] Moghadasi M, Nouri R, Nematollah Zadeh Mahani MA,
Karami Banari L. [Effects of 12 weeks walking on plasma
adiponectin concentration in postmenopausal women with

breast cancer (Persian)]. Iran ] Endocrinol Metab. 2012;
14(1):47-52. [Link]

[12] Yazigi Solis M, Artioli GG, Montag E, de Salles Painelli V,
Saito FL, Lima FR, et al. The liposuction-induced effects on
adiponectin and selected cytokines are not affected by exer-
cise training in women. Int ] Endocrinol. 2014; 2014:315382.
[DOI:10.1155/2014/315382] [PMID]

[13] Sadeh MR, Sharifatpour R. The effect of eight weeks of aer-
obic exercise on balance function and physiological cost index
in Multiple Sclerosis patients. ]. Community Health Res. 2020.
[DOI:10.18502/jchr.v9i4.4980]

[14] Swainson MG, Ingle L, Carroll S. Cardiorespiratory fitness
as a predictor of short-term and lifetime estimated cardiovas-
cular disease risk. Scand ] Med Sci Sports. 2019; 29(9):1402-13.
[DOI:10.1111/sms.13468] [PMID]

[15] Gariballa S, Alkaabi J, Yasin J, Al Essa A. Total adi-
ponectin in overweight and obese subjects and its response
to visceral fat loss. BMC Endocr Disord. 2019; 19(1):55.
[DOI:10.1186512902-019-0386-z]] [PMID]

[16] Yanai H, Yoshida H. Beneficial effects of adiponectin
on glucose and lipid metabolism and atherosclerotic pro-
gression: mechanisms and perspectives. Int ] Mol Sci. 2019;
20(5):1190. [PMID]

[17] Fadaei R, Moradi N, Kazemi T, Chamani E, Azdaki N,
Moezibady SA, et al. Decreased serum levels of CTRP12/
adipolin in patients with coronary artery disease in relation
to inflammatory cytokines and insulin resistance. Cytokine.
2019; 113:326-31. [PMID]

[18] Stojanovic S, Ilic MD, Ilic S, Saric S, Stojanovic S, Petrovic V.
Impact of Adiponectin resistance on coronary artery disease
severity. Niger ] Clin Pract. 2021; 24(8):1240-6. [DOI:10.4103/
njcp.njcp_611_19] [PMID]

[19] Orlando A, Nava E, Giussani M, Genovesi S. Adiponec-
tin and cardiovascular risk. From pathophysiology to clin-
ic: Focus on children and adolescents.Int J Mol Sci. 2019;
20(13):3228. [DOI:10.3390/ jms20133228] [PMID]

[20] Shibata R, Ouchi N, Murohara T. Adiponectin and cardio-
vascular disease. Circ J. 2009; 73(4):608-14. [PMID]

[21] Esain I, Rodriguez-Larrad A, Bidaurrazaga-Letona I, Gil
SM. Exercise cessation in active older adults: Effects on in-
flammatory markers and adiponectin. Geriatr Gerontol Int.
2020; 20(5):494-9. [DOI:10.1111/ ggi.13907] [PMID]

[22] Marcell TJ, McAuley KA, Traustadéttir T, Reaven PD. Ex-
ercise training is not associated with improved levels of C-re-
active protein or adiponectin. Metabolism. 2005; 54(4):533-41.
[DOI:10.1016/j.metabol.2004.11.008] [PMID]

Kargarfard M, et al. Cardiac Rehabilitation and Coronary Heart Disease. JVC. 2023; 4(1):29-36..



http://jvessels.muq.ac.ir/index.php?slc_lang=en&slc_sid=1
https://icri.mui.ac.ir/fa
https://icri.mui.ac.ir/fa
https://doi.org/10.1186/s12889-019-7390-0
https://www.ncbi.nlm.nih.gov/pubmed/31382950
https://www.researchgate.net/profile/Mehdi-Kargarfard/publication/324555922_Effects_of_a_cardiac_rehabilitation_program_on_left_ventricular_systolic_function_and_mass_in_patient_after_myocardial_infarction/links/5ad775f5aca272fdaf7f8245/Effects-of-a-cardiac-rehabilitation-program-on-left-ventricular-systolic-function-and-mass-in-patient-after-myocardial-infarction.pdf
https://doi.org/10.1161/CIRCULATIONAHA.106.618918
https://www.ncbi.nlm.nih.gov/pubmed/16894037
https://doi.org/10.1590/1414-431x20176738
https://www.ncbi.nlm.nih.gov/pubmed/29211251
https://doi.org/10.1155/2018/4593530%5d
https://www.ncbi.nlm.nih.gov/pubmed/30150999
https://pubmed.ncbi.nlm.nih.gov/23358827/
https://doi.org/10.4330/wjc.v8.i10.575
https://www.ncbi.nlm.nih.gov/pubmed/27847558
https://pubmed.ncbi.nlm.nih.gov/21566773/
https://doi.org/10.1249/MSS.0000000000000670
https://www.ncbi.nlm.nih.gov/pubmed/25811948
https://doi.org/10.12965/jer.2040334.167
https://www.ncbi.nlm.nih.gov/pubmed/32724784
http://ijem.sbmu.ac.ir/article-1-1192-en.html
https://doi.org/10.1155/2014/315382
https://www.ncbi.nlm.nih.gov/pubmed/24527033
https://doi.org/10.18502/jchr.v9i4.4980
https://doi.org/10.1111/sms.13468
https://www.ncbi.nlm.nih.gov/pubmed/31102472
https://doi.org/10.1186s12902-019-0386-z%5d
https://www.ncbi.nlm.nih.gov/pubmed/31159801
https://www.ncbi.nlm.nih.gov/pubmed/30857216
https://www.ncbi.nlm.nih.gov/pubmed/30337217
https://doi.org/10.4103/njcp.njcp_611_19
https://doi.org/10.4103/njcp.njcp_611_19
https://www.ncbi.nlm.nih.gov/pubmed/34397037
https://doi.org/10.3390/ijms20133228
https://www.ncbi.nlm.nih.gov/pubmed/31262082
https://www.ncbi.nlm.nih.gov/pubmed/19261992
https://doi.org/10.1111/ggi.13907
https://www.ncbi.nlm.nih.gov/pubmed/32181562
https://doi.org/10.1016/j.metabol.2004.11.008
https://www.ncbi.nlm.nih.gov/pubmed/15798963

Winter 2023. Volume 4. Number 1 @)Journal of Vessels and Circulation

$97/Qom University of Viedicai Sciences

[23] Parida S, Siddharth S, Sharma D. Adiponectin, obesity, and
cancer: Clash of the bigwigs in health and disease. Int ] Mol
Sci. 2019; 20(10):2519. [DOI:10.3390/ ijms20102519] [PMID]

[24] Yokoyama H, Emoto M, Araki T, Fujiwara S, Motoyama
K, Morioka T, et al. Effect of aerobic exercise on plasma
adiponectin levels and insulin resistance in type 2 diabe-
tes. Diabetes Care. 2004; 27(7):1756-8. [DOI:10.2337/diac-
are.27.7.1756] [PMID]

[25] Becic T, Studenik C, Hoffmann G. Exercise increases adi-
ponectin and reduces leptin levels in prediabetic and diabetic
individuals: Systematic review and meta-analysis of rand-
omized controlled trials. Med sci. 2018; 6(4):97. [DOI:10.3390/
medsci6040097] [PMID]

[26] Nikkar H, Rshidlamir A, Khajei R, Barjaste A, Vazifedoost
M. Effects of 8 Weeks of Combined Rehabilitation Training on
Plasma Levels of Leptin, Adiponectin, and Resistin in Mid-
dle-Aged Men after CABG. Med Lab J. 2023; 17(1):20-6. [Link]

[27] Bruning RS, Sturek M. Benefits of exercise training on
coronary blood flow in coronary artery disease patients.
Prog Cardiovasc Dis. 2015; 57(5):443-53. [DOI:10.1016/j.
pcad.2014.10.006] [PMID]

[28] Boulghobra D, Dubois M, Alpha-Bazin B, Coste F, Olmos
M, Gayrard S, et al. Increased protein S-nitrosylation in mito-
chondria: a key mechanism of exercise-induced cardioprotec-
tion. Basic Res. Cardiol. 2021; 116(1):66. [DOI:10.1007 / s00395-
021-00906-3]] [PMID]

]
H Kargarfard M, et al. Cardiac Rehabilitation and Coronary Heart Disease. JVC. 2023; 4(1):29-36..



http://jvessels.muq.ac.ir/index.php?slc_lang=en&slc_sid=1
https://doi.org/10.3390/ijms20102519
https://www.ncbi.nlm.nih.gov/pubmed/31121868
https://doi.org/10.2337/diacare.27.7.1756
https://doi.org/10.2337/diacare.27.7.1756
https://www.ncbi.nlm.nih.gov/pubmed/15220262
https://doi.org/10.3390/medsci6040097
https://doi.org/10.3390/medsci6040097
https://www.ncbi.nlm.nih.gov/pubmed/30380802
https://mlj.goums.ac.ir/article-1-1395-en.pdf
https://doi.org/10.1016/j.pcad.2014.10.006
https://doi.org/10.1016/j.pcad.2014.10.006
https://www.ncbi.nlm.nih.gov/pubmed/25446554
https://doi.org/10.1007/s00395-021-00906-3%5d
https://doi.org/10.1007/s00395-021-00906-3%5d
https://www.ncbi.nlm.nih.gov/pubmed/34940922

