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 Background & Objective:  Obesity is one of the problems associated with 

cardiovascular complications. Patients' heart function improves after sleeve 

gastrectomy. Global Longitudinal Strain (GLS) is one of the methods used to 

monitor heart function before and after sleeve gastrectomy.  In this study, we 

evaluated the echocardiographic parameters pre and post sleeve gastrectomy. 

 Materials & Methods:  In this cross-sectional study, 22 patients including 17 female 

and 5 maleundergoing sleeve gastrectomy were studied. They had referred to Shariati 

Hospital in Tehran during 2019 – 2020. All patients underwent 2D echocardiography 

using speckle-tracking to evaluate left ventricular function and measure GLS.  

Results:  Data analysis showed that GLS increased after surgery compared to 

preoperative period (15.4 ± 3.8 vs. 18.4 ± 3.04). Also, PAP, LVEDV, LVESV, LVDD, 

LVDS and AO were higher in the mentioned period; these findings were statistically 

significant (p-value <0.05). However, the RVSM mean, TAPSE, RVFAC and LVH 

parameters were higher post-surgery in comparison to the pre- surgery; a significant 

relationship was observed between the parameters before and after surgery. 

Conclusion:  It can be concluded that GLS method, which evaluates 

echocardiographic parameters in obese patients undergoing sleeve gastrectomy can 

be highly significant in monitoring patients. 
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Introduction

Obesity is a social problem with an increasing 

prevalence (1). It can cause problems for many patients, 

and in some cases endanger their health (2). On the other 

hand, it can cause cardiovascular diseases, endothelial cell 

dysfunction and elevated blood pressure (3). So far, many 

drugs and strategies have been proposed to reduce weight 

and improve obesity in patients, but none of them is 

completely effective.  

On the other hand, it has been found that lifestyle 

changes can hardly lead to weight loss. Recently, 

metabolic surgeries such as sleeve gastrectomy are widely 

used (4, 5). Strain in the heart, which is expressed as 

changes in the length of myocardial fibers in the 

longitudinal or transverse direction, is one of the screening 

methods to assess systolic and diastolic function; it is 

performed using echocardiography (6). GLS is used as a 

diagnostic method for systolic and diastolic disorders (7, 

8).  

Given that obesity is one of the risk factors for systolic 

and diastolic pressure disorders, and since sleeve 

gastrectomy has been shown to improve these disorders, 

we decided to evaluate GLS pre and post sleeve 

gastrectomy, for the first time. 

 

Materials and Methods 

 This cross-sectional study evaluated the patients 

undergoing sleeve gastrectomy; the patients had referred 

to Shariati Hospital of Tehran city, during 2019 – 2020. 

Only patients with Left ventricular ejection 

fraction (LVEF) over 50% were included, and patients 
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with left ventricular dysfunction with reduced LVEF were 

also excluded from the study.  

Exclusion criteria included the presence of 

cardiomyopathies, previous amyloidosis, moderate to 

severe valvular disease, evidence of coronary heart 

disease, clinical, laboratory or echocardiographic 

evidence of heart failure, congenital heart disease, 

diabetes and kidney failure. Demographic information 

including gender, age, history of underlying diseases, 

status of cardiovascular disease risk factors, weight and 

height, Body Mass Index (BMI) and electrocardiography 

results, as well as medical records were collected through 

interviews or review of the clinical records.  

All patients underwent 2D echocardiography using 

speckle-tracking to evaluate left ventricular function and 

measure GLS. Echocardiography examinations were all 

performed by a cardiologist. Images were digitized at least 

three consecutive beats, and analyzed off-line using 

proprietary software by an operator. Longitudinal strain 

was measured for all subjects in three standard apical 

views (2- chamber, 4- chamber and 3 -chamber) in two 

continuous resting cardiac cycles, separately; it was also 

used to calculate GLS. Patients were then followed up for 

nine months and again underwent echocardiography and 

BMI assessment.  

Statistical Analysis 

The statistical analysis results for quantitative variables 

were expressed as mean and standard deviation (mean ± 

SD), and as percentage for stratified qualitative variables. 

The t test or ANOVA was used to compare quantitative 

variables, and the chi-square test was performed to 

compare qualitative variables. The significance level was 

considered as <0.05. Statistical analysis was performed 

by SPSS software version 23.  

 

Results  

In the present study, 17 (77.3%) cases were female and 

5 (22.7) were male. The aim was to evaluate 

echocardiographic and GLS parameters in patients, who 

had undergone sleeve gastrectomy. The results showed 

reduced postoperative BMI compared to the preoperative 

value, indicating a statistically significant difference. The 

means of Ejection Fraction (EF) before and after surgery 

were 55.8 ± 6.4 and 62.8 ± 4.4, respectively; the difference 

was statistically significant.  

Means of apical 2, 3 and 4 chamber (A2, 3,4 CH) GLS 

were higher in post-surgical period, compared to the pre-

surgical period; they were also statistically significant. 

There was also a significant difference in Left ventricular 

hypertrophy (LVH) and RV GLS before and after surgery 

(p-value <0.05). The mean of pulmonary artery pressure 

(PAP), Left Ventricular end-diastolic volume(LVEDV), 

LV end-systolic volume (LVESV), left ventricular 

diastolic dimension (LVDD) and LV systole dimension 

(LVDS) were higher preoperation (p-value <0.05). 

However, the means of Right ventricular systolic velocity 

(RVSM), Tricuspid annular plane systolic excursion 

(TAPSE), RV fractional area change (RVFAC) and LVH 

parameters were higher after surgery; a significant 

relationship was also observed between them (Table 1).  

 

Table1. Echocardiography result of patients before and after operation.  

Variables Pre-operation Post-operation P-value 

BMI 45.0 ± 5.3 33.3 ± 4.3 0.0 

EF 55.8 ± 6.4 62.8 ± 4.4 0.0 

PAP 26.6 ± 4.4 23.4 ± 4.5 0.001 

TAPSE 22.9 ± 3.03 24.1 ± 2.8 0.04 

LVEDV 

 
106.8 ± 34. 6 89.5 ± 19.2 0.001 

LVESV 

 
49.1 ± 21.3 32.7 ± 7.8 0.0 

LVDD 

 
48.1 ± 4.4 46.6 ± 4.1 0.004 

LVDS 

 
27.7 ± 4.4 24.9 ± 3.4 0.0 

RVFAC 

 
0.39 ± 0.07 0.52 ± 0.07 0.0 

AO 29.2 ± 4.2 28.5 ± 4.1 0.29 

LVH 2.6 ± 0.78 
1.7 ± 0.88 

 
0.002 
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Variables Pre-operation Post-operation P-value 

IVSD 10.2 ± 1.9 8.7 ± 1.3 0.001 

PW 9.8 ± 1.5 8.04 ± 1.04 0.0 

DD 1.6 ± 0.49 1.1 ± 0.35 0.001 

E velocity 

 
9.5 ± 1.9 7.3 ± 2.0 0.0 

A3CH GLS 

 
14.4 ± 4.6 17.9 ± 3.6 0.00 

A2CH GLS 16.1 ± 4.5 18.6 ± 3.4 0.002 

A4CH GLS 16.7 ± 4.1 18.8 ± 3.5 0.007 

Mean GLS 

 
15.4 ± 3.8 18.4 ± 3.04 0.0 

RV GLS 10.9 ± 5.9 14.2 ± 4.3 0.0 

RVD 28.4 ± 2.7 27.7 ± 2.7 0.07 

Abbreviations: BMI: Body Mass Index; EF: Ejection Fraction; PAP: Pulmonary Artery Pressure; RVSM: Right 

Ventricular Systolic Velocity; TAPSE: Tricuspid Annular Plane Systolic Excursion; LVEDV: Left Ventricular end-

diastolic volume; LVESV: LV End-Systolic Volume; LVDD: Left Ventricular Diastolic Dimension; LVDS: LV Dimension 

During Systole; RVFAC: RV Fractional Area Change; AO: Aortic Root; LVH: Left Ventricular Hypertrophy; IVSD: 

Interventricular Septal Diastolic Diameter; PW: Posterior Wall; DD: Diastolic Dysfunction; RVD: Right Ventricular 

Diastolic Diameter; RV GLS: Right Ventricular Global Longitudinal Strain.  

 

Evaluation of the BMI and echocardiography 

parameters: 

In this study, patients were divided into three groups 

based on their BMIs. Individuals with BMI of 40-45 

were categorized in group I (n=10), 46-50 in group II 

(n=8), and >50 in group III (n=4). Then 

echocardiographic parameters in these three groups 

were compared before and after surgery. For this 

purpose, it was found that the difference between the 

mean LVEDV and LVESV was statistically significant 

in the first two groups compared to the second group. 

The mean postoperative RVFAC parameter increased 

compared to the preoperative period in the second 

group, which was also statistically significant.   

Also, significant relationships were observed 

between the means of E velocity, pulse wave (PW) and 

the GLS parameters before and after surgery in the first 

and second groups. However, in terms of AO 

parameter no significant relationship was observed 

between the three groups in the pre and post-surgical 

periods (Table 2). 

 

Table2. Association between BMI and Echocardiography parameters.  

Variables 
operation P-Value * 

pre Post  

LVEDV 

106.7 ± 32.39 91.1 ± 16.7 0.05 * 

100.6 ± 31.18 88.1 ± 20.69 0.01 ** 

109.06 ± 57.68 81.6 ± 28.02 0.25 *** 

LVESV 

46.1 ± 19.1 31.9 ± 6.8 0.02 * 

45.1 ± 17.4 33.03 ± 6.9 0.01 ** 

59.5 ± 34.2 28.5 ± 8.8 0.17 *** 

RVFAC 

0.54 ± 0.04 0.39 ± 0.04 0.0 * 

0.37 ± 0.09 0.50 ± 0.11 0.01 ** 

0.44 ± 0.08 0.53 ± 0.05 0.16 *** 

E velocity 
7.8 ± 2.1 9.7 ± 2.3 0.02 * 

7.2 ± 1.8 9.3 ± 1.5 0.0 ** 
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Variables 
operation P-Value * 

pre Post  

6.5 ± 2.5 10.1 ± 1.6 0.23 *** 

A3CH GLS 

 

15.07 ± 7.3 17.8 ± 4.1 0.0 * 

15.7 ± 3.6 18.8 ± 3.2 0.01 ** 

10.2 ± 2.8 15.6 ± 3.4 0.14 *** 

A2CH GLS 

 

20.5 ± 4.5 20.6 ± 4.5 0.59 * 

15.4 ± 3.5 18.1 ± 2.9 0.006** 

17.4 ± 3.8 18.3 ± 3.4 0.02*** 

A4CH GLS 

 

17.0 ± 4.8 18.9 ± 4.2 0.08 * 

17.8 ± 3.6 19.0 ± 2.7 0.8 ** 

13.1 ± 0.90 18.7 ± 4.8 0.23 *** 

mean GLS 

 

16.0 ± 4.6 18.5 ± 3.5 0.01 * 

16.6 ± 2.1 18.4 ± 1.6 0.01 ** 

11.0 ± 1.7 17.0 ± 4.4 0.1 *** 

PW 

9.5 ± 0.8 7.5 ± 0.7 0.0 * 

10.2 ± 2.2 8.8 ± 1.1 0.03 ** 

9.6 ± 1.5 7.6 ± 0.5 0.07 *** 

IVSD 

9.8 ± 1.4 8.5 ± 0.8 0.01 * 

11.1 ± 2.5 9.5 ± 1.6 0.020 ** 

9.3 ± 1.1 7.3 ± 0.7 0.1 *** 

AO 

29.3 ± 4.8 29.1 ± 3.8 0.7 * 

29.0 ± 4.2 28.7 ± 4.1 0.1 ** 

29.0 ± 4.5 24.6 ± 5.0 0.4 *** 

Abbreviations: LVEDV: Left Ventricular end-diastolic volume; LVESV: LV End-Systolic Volume; RVFAC: RV 

Fractional Area Change; AO: Aortic Root; IVSD: Interventricular Septal Diastolic Diameter; PW: Posterior Wall.  

*: BMI between 40-45, ** BMI between 46-50, *** BMI >50.  

 

Discussion  

The present study showed that sleeve gastrectomy 

improves GLS of obese patients after a 9- month 

follow-up. Previous studies have shown that heart 

disorders are common in obese patients (9). Using 

different diagnostic methods to identify high-risk 

individuals can contribute to reduce mortality rate (10-

12); one of these methods is GLS measurement, which 

can predict patients mortality with heart disorders (13-

15).  

 In addition, present study showed that sleeve 

gastrectomy can improve cardiac parameters. The 

mean parameters of PAP, LVEDV, LVESV, LVDD, 

LVDS were reduced significantly after sleeve 

gastrectomy; (p-value <0.05). Consistent with our 

results, the study by Kokkinos et al., also showed 

echocardiographic parameters improvement after 

sleeve gastrectomy, indicating an improvement in 

cardiac function after surgery (16, 17). In addition, 

Dogdus and associates stated that heart disorders were 

evident in overweight patients compared to the healthy 

individuals, due to echocardiographic parameters. 

However, after weight loss, patients' parameters 

returned to the normal range, which indicated an 

improvement in heart function (18).  

The study by Santos et al., also showed that sleeve 

gastrectomy improved heart function by increasing 

GLS (19). Also Alamdari’s study stated GLS increment 

and heart function improvement after sleeve 

gastrectomy (20). In the present study, the results also 

showed that sleeve gastrectomy resulted in increased 

GLS after surgery.  

Previous studies have shown that there is a 

significant relationship between BMI and heart 

function. The higher the BMI, the higher the incidence 

of heart disorders in patients (21) will be. The study by 
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Cavarretta et al., showed reduced BMI in obese 

patients after sleeve gastrectomy. This decrease was 

accompanied by improved echocardiographic 

parameters and heart function (22). The study by Hsuan 

and coworkers also showed that patients' BMI 

decreased significantly after surgery, which was 

accompanied by improved cardiac function, as well as 

echocardiographic parameters (23). In the present 

study, lower BMI was observed after sleeve 

gastrectomy, which was statistically significant. Also 

the echocardiographic parameters improved in patients 

after sleeve gastrectomy as well as GLS, indicating an 

improvement in cardiac function.  

 

Conclusion 

Given that that sleeve gastrectomy reduces BMI in 

obese patients and improves GLS and 

echocardiographic parameters, it can be stated that 

GLS performance in obese patients can be used as an 

important biomarker for identifying high-risk 

individuals. 

 

Acknowledgments 

We wish to thank all our colleagues in Shariati 

Hospital and Tehran University of Medical Sciences 

for financial support of the work.  

 

Ethics approval and consent to 

participate 

All the procedures performed in the study involving 

human participants were in accordance with the ethical 

standards of local ethics committee of Ahvaz 

Jundishapur University of Medical Sciences 

(IR.Tums.MEDICINE.REC.1399.566), as well as the 

1964 Helsinki declaration. Written informed consent 

was obtained from all patients and normal subjects.  

 

Conflict of Interest 

The authors declare that they have no conflict of 

interest. 

 

References 

1. Hu FB. Obesity and mortality: watch your waist, not just 

your weight. Arch Internal Med. 2007;167(9):875-6. 

[DOI:10.1001/archinte.167.9.875] [PMID] 

2. Banack HR, Kaufman JS. The obesity paradox: 

understanding the effect of obesity on mortality among 

individuals with cardiovascular disease. Prevent Med. 

2014;62:96-102. 

[DOI:10.1016/j.ypmed.2014.02.003] [PMID] 

3. Zalesin KC, Franklin BA, Miller WM, Peterson ED, 

McCullough PA. Impact of obesity on cardiovascular 

disease. Endocrinol Metab Clinic North Am. 

2008;37(3):663-84. 

[DOI:10.1016/j.ecl.2008.06.004] [PMID] 

4. Buchwald H, Avidor Y, Braunwald E, et al. Bariatric 

surgery: a systematic review and meta-analysis. JAMA. 

2004;292(14):1724-37. 

[DOI:10.1001/jama.292.14.1724] [PMID] 

5. Haruta H, Kasama K, Ohta M, et al. Long-term 

outcomes of bariatric and metabolic surgery in Japan: 

results of a multi-institutional survey. Obesit Surg. 

2017;27(3):754-62. [DOI:10.1007/s11695-016-

2361-3] [PMID] 

6. Krishnasamy R, Isbel NM, Hawley CM, et al. Left 

ventricular global longitudinal strain (GLS) is a superior 

predictor of all-cause and cardiovascular mortality when 

compared to ejection fraction in advanced chronic 

kidney disease. PLoS One. 2015;10(5):e0127044.  

[DOI:10.1371/journal.pone.0127044] [PMID]  

[PMCID] 

7. Mignot A, Donal E, Zaroui A, et al. Global longitudinal 

strain as a major predictor of cardiac events in patients 

with depressed left ventricular function: a multicenter 

study. J Am Soc Echocardiography. 2010;23(10):1019-

24. [DOI:10.1016/j.echo.2010.07.019] [PMID] 

8. Moghimi M, Behroozi MK, Maghbooli M, Jafari S, 

Mazloomzadeh S, Pezeshgi A. Association between 

abnormal serum free light chains ratio and known 

prognostic factors in lymphoma; a nephrology 

viewpoint. J Renal Injury Prevent. 2017;6(2):148.  

[DOI:10.15171/jrip.2017.29] [PMID] [PMCID] 

9. Kotsis V, Tsioufis K, Antza C, et al. Obesity and 

cardiovascular risk: a call for action from the European 

Society of Hypertension Working Group of Obesity, 

Diabetes and the High-risk Patient and European 

Association for the Study of Obesity: part B: obesity-

induced cardiovascular disease, early prevention 

strategies and future research directions. J 

Hypertension. 2018;36(7):1441-55.  

[DOI:10.1097/HJH.0000000000001730] [PMID] 

10. Belghiti H, Brette S, Lafitte S, et al. Automated function 

imaging: a new operator-independent strain method for 

assessing left ventricular function. Arch Cardiovasc 

Disease. 2008;101(3):163-9. [DOI:10.1016/S1875-

2136(08)71798-4] 

11. Mavrogeni S, Bratis K, Markussis V, et al. The 

diagnostic role of cardiac magnetic resonance imaging 

in detecting myocardial inflammation in systemic lupus 

erythematosus. Differentiation from viral myocarditis. 

Lupus. 2013;22(1):34-43.  

[DOI:10.1177/0961203312462265] [PMID] 

12. Zadeh FJ, Ghasemi Y, Bagheri S, Maleknia M, Davari 

N, Rezaeeyan H. Do exosomes play role in 

cardiovascular disease development in hematological 

malignancy? Molec Biol Report. 2020:1-7.  

[DOI:10.1007/s11033-020-05453-z] [PMID] 

13. Cho GY, Marwick TH, Kim HS, Kim MK, Hong KS, 

Oh DJ. Global 2-dimensional strain as a new 

prognosticator in patients with heart failure. J Am 

College Cardiol. 2009;54(7):618-24.  

[DOI:10.1016/j.jacc.2009.04.061] [PMID] 

14. Zhang T, Li J, Cao S. Prognostic value of left ventricular 

global longitudinal strain in chronic kidney disease 

patients: a systematic review and meta-analysis. Int Urol 

https://doi.org/10.1001/archinte.167.9.875
https://www.ncbi.nlm.nih.gov/pubmed/17502526
https://doi.org/10.1016/j.ypmed.2014.02.003
https://www.ncbi.nlm.nih.gov/pubmed/24525165
https://doi.org/10.1016/j.ecl.2008.06.004
https://www.ncbi.nlm.nih.gov/pubmed/18775358
https://doi.org/10.1001/jama.292.14.1724
https://www.ncbi.nlm.nih.gov/pubmed/15479938
https://doi.org/10.1007/s11695-016-2361-3
https://doi.org/10.1007/s11695-016-2361-3
https://www.ncbi.nlm.nih.gov/pubmed/27631329
https://doi.org/10.1371/journal.pone.0127044
https://www.ncbi.nlm.nih.gov/pubmed/25978372
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4433230
https://doi.org/10.1016/j.echo.2010.07.019
https://www.ncbi.nlm.nih.gov/pubmed/20810243
https://doi.org/10.15171/jrip.2017.29
https://www.ncbi.nlm.nih.gov/pubmed/28497093
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5423284
https://doi.org/10.1097/HJH.0000000000001730
https://www.ncbi.nlm.nih.gov/pubmed/29652731
https://doi.org/10.1016/S1875-2136(08)71798-4
https://doi.org/10.1016/S1875-2136(08)71798-4
https://doi.org/10.1177/0961203312462265
https://www.ncbi.nlm.nih.gov/pubmed/23035042
https://doi.org/10.1007/s11033-020-05453-z
https://www.ncbi.nlm.nih.gov/pubmed/32319009
https://doi.org/10.1016/j.jacc.2009.04.061
https://www.ncbi.nlm.nih.gov/pubmed/19660692


332   Global Longitudinal Strain Pattern (GLS) and Echocardiographic Parameters  

       Volume 30, July-August 2022       Journal of Advances in Medical and Biomedical Research 

Nephrol. 2020;52:1747-56. [DOI:10.1007/s11255-

019-02369-x] [PMID] 

15. Nikdoust F, Pazoki M, Mohammadtaghizadeh M, 

Aghaali MK, Amrovani M. Exosomes: potential player 

in endothelial dysfunction in cardiovascular disease. 

Cardiovasc Toxicol. 2021:1-11. [PMCID]  

[DOI:10.1007/s12012-021-09700-y] [PMID]  

16. Kokkinos A, Alexiadou K, Liaskos C, et al. 

Improvement in cardiovascular indices after Roux-en-Y 

gastric bypass or sleeve gastrectomy for morbid obesity. 

Obesity surgery. 2013;23(1):31-8.  

[DOI:10.1007/s11695-012-0743-8] [PMID] 

17. Hajsadeghi S, Pazoki M, Meimand SE, Pouresmaeeli M, 

Zeraatian S. More is better, not always true: 

Misdiagnosis tamponade in postoperative patient due to 

thick hemostatic tissue. Echocardiography (Mount 

Kisco, NY). 2021;38(6):1074-6.  

[DOI:10.1111/echo.15061] [PMID] 

18. Doğduş M, Kılıç S, Vuruşkan E. Evaluation of 

subclinical left ventricular dysfunction in overweight 

people with 3D speckle-tracking echocardiography. 

Anatolian J Cardiol. 2019;21(4):180. [PMCID]  

[DOI:10.14744/AnatolJCardiol.2018.40456]  

19. Santos ECL, Del Castillo J, Parente G, et al. Changes in 

left ventricular mechanics after sleeve gastrectomy. 

Obesit Surg. 2020;30(2):580-6.  

[DOI:10.1007/s11695-019-04216-5] [PMID] 

20. Alamdari NM, Bayat F, Bakhtiyari M, Noori M. Effects 

of weight loss on echocardiographic parameters 1 year 

after sleeve gastrectomy. J Tehran Univ Heart Center. 

2019;14(3):128. 

21. Wright N, Wilson L, Smith M, Duncan B, McHugh P. 

The BROAD study: A randomised controlled trial using 

a whole food plant-based diet in the community for 

obesity, ischaemic heart disease or diabetes. Nutrition & 

Diabetes. 2017;7(3):e256-e.  

[DOI:10.1038/nutd.2017.3] [PMID] [PMCID] 

22. Cavarretta E, Casella G, Calì B, et al. Cardiac 

remodeling in obese patients after laparoscopic sleeve 

gastrectomy. World J Surg. 2013;37(3):565-72. 

[DOI:10.1007/s00268-012-1874-8] [PMID] 

23. Hsuan CF, Huang CK, Lin JW, et al. The effect of 

surgical weight reduction on left ventricular structure 

and function in severe obesity. Obesity. 

2010;18(6):1188-93. [DOI:10.1038/oby.2010.42] 

[PMID] 

 

 

 

 

 

 

 

 

 

 

How to Cite This Article:  

Baradaran A, Zamanifard S, Parham M, Nikdoust F. Evaluation of Global Longitudinal Strain Pattern (GLS) and 

Echocardiographic Parameters in the Sleeve Gastrectomy Patients Before and After Surgery, J Adv Med Biomed 

Res. 2022; 30(141): 327-.32.  

Download citation:  

BibTeX | RIS | EndNote | Medlars | ProCite | Reference Manager | RefWorks 

 

Send citation to:  

 Mendeley      Zotero    RefWorks 

 

 

RefWorks 

  

 

 

 

 

https://doi.org/10.1007/s11255-019-02369-x
https://doi.org/10.1007/s11255-019-02369-x
https://www.ncbi.nlm.nih.gov/pubmed/32495023
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8527819
https://doi.org/10.1007/s12012-021-09700-y
https://www.ncbi.nlm.nih.gov/pubmed/34669097
https://doi.org/10.1007/s11695-012-0743-8
https://www.ncbi.nlm.nih.gov/pubmed/22923313
https://doi.org/10.1111/echo.15061
https://www.ncbi.nlm.nih.gov/pubmed/33973675
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6528507
https://doi.org/10.14744/AnatolJCardiol.2018.40456
https://doi.org/10.1007/s11695-019-04216-5
https://www.ncbi.nlm.nih.gov/pubmed/31732860
https://doi.org/10.1038/nutd.2017.3
https://www.ncbi.nlm.nih.gov/pubmed/28319109
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5380896
https://doi.org/10.1007/s00268-012-1874-8
https://www.ncbi.nlm.nih.gov/pubmed/23254944
https://doi.org/10.1038/oby.2010.42
https://www.ncbi.nlm.nih.gov/pubmed/20300087
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5906-2&sid=1&slc_lang=en&type=BibTeX
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5906-2&sid=1&slc_lang=en&type=ris
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5906-2&sid=1&slc_lang=en&type=EndNote
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5906-2&sid=1&slc_lang=en&type=Medlars
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5906-2&sid=1&slc_lang=en&type=ProCite
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5906-2&sid=1&slc_lang=en&type=Reference_Manager
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5906-2&sid=1&slc_lang=en&type=RefWorks
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6521-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6521-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6521-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6521-en.html
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5906-2&sid=1&slc_lang=en&type=ris
https://zums.ac.ir/journal/web2export.php?a_code=A-10-5906-2&sid=1&slc_lang=en&type=ris
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6521-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6521-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6521-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6521-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6521-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html

	title
	Abstract
	Introduction
	MaterialsandMethods
	Results
	tab1
	tab2
	Conclusion
	Acknowledgments
	Conflict
	disclosur
	References

