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ABSTRACT
Introduction: Weight gain and obesity are two important public health problems,
which are associated with many diseases such as cardiovascular disorders. Various
policies such as bariatric surgery have been proposed for the treatment of morbid
obesity.
Methods: PubMed and Scopus were searched thoroughly with the following search
terms (roux-en-y gastric bypass surgery) AND (ventricular function, OR cardiac risk
factors OR heart)) AND (BMI OR body mass index) to find the articles in which the
effect of roux-en-Y gastric bypass (RYGB) surgery had been evaluated in severely
obese patients.
Result: Out of 120 articles which were found in PubMed, and 28 records which
were found in Scopus, only 18 articles fully met the inclusion criteria. Out of 2740
participants in the included studied, 1706 were patients with body mass index (BMI)
over 40 kg/m2 who had undergone RYGB surgery, and 1034 were control participants.
Results of the studies showed that RYGB surgery could reduce BMI, and cardiac risk
factors, and improve diastolic function, systolic and diastolic blood pressures, and
aortic function, postoperatively.
Discussion: Obesity is associated with increased risk of cardiovascular diseases,
impaired cardiac function, and hypertension. It is shown that RYGB surgery reduces
the serum level of biochemical markers of cardiac diseases. Cardiac structure,
parasympathetic indices of autonomic function, coronary circulatory function,
hypertension, epicardial fat thickness, and ventricular performance improve after
bariatric surgery.
Conclusions: It is concluded that RYGB surgery is an effective strategy to improve
ventricular function and cardiac risk factors in morbid obese patients.
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Introduction

Weight gain and obesity are two major public
health problems of new decade, especially in the
industrialized countries and developing world
that directly and indirectly impose a considerable
financial burden on the national health system and
society. Prevalence of the disease, which is consid-

ered to be mainly due to the industrialization of
societies, has rapidly increased globally over the
past decades (1). According to the World Health
Organization (WHO), obesity is defined as the increase in body mass index (BMI) greater than 30
kg/m2, while overweight is defined as a BMI of 25
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to 30 (2). Morbid obesity is also defined as a BMI
over 40, or over 35, if accompanied by obesity-related comorbidity (1). Studies showed that the
prevalence of obesity has almost doubled among
the adults over the last four decades from 13.4%
in 1960 to 35.1% in 2005 only in United States (1).
Obesity is not only a risk factor for systemic hypertension, since more than 50% of systemic hypertension in patients is due to obesity; it might
be considered as the major leading cause of hypertension (3). On the other hand, reports showed
that an increase in BMI is strongly associated with
increased risk of cardiovascular disease, hypertension, type 2 diabetes, sleep apnea, hyperlipidemia,
osteoarthritis, cancer, and death (4-6). It is shown
that obesity could be considered as an independent risk factor for death, since it could reduce life
expectancy up to 22%, resulting in 12 years of life
lost in adults (7). The mechanism of the development of heart failure in obese patients is not fully
understood; however, it is likely that changes in
lipid and glucose metabolism have positive effects
on left ventricular function both in animal models
and in human (5).
So far, various approaches such as diet and drug
therapy, exercise and physical activity, lifestyle
changes and weight-loss surgery have been proposed for the treatment of morbid obesity, each
have their strengths and weaknesses. Nowadays,
surgical therapy has become a choice method for
the treatment of morbid obesity, since the treatment regimen and medical therapies are ineffective in the long-term treatment of obesity (8).
Roux-en-Y gastric bypass (RYGB) surgery as a minimally invasive technique and the most commonly
performed operation is one of the most effective
bariatric surgical techniques for the treatment of
morbid obesity, which is considered as the gold
standard for bariatric surgery (9,10). Therefore, in
this study, we systematically review the effects of
gastric bypass surgery on the improvement of ventricular function and cardiovascular risk factors.

Methods

Literature search strategy
PubMed and Scopus were systematically
searched to find the articles in which the effect
of RYGB surgery had been evaluated in obese patients with BMI higher than 40 kg/m2. Literature
search was conducted with the following search
terms (roux-en-y gastric bypass surgery) AND
(ventricular function, OR cardiac risk factors OR
heart)) AND (BMI OR body mass index) to find
the articles in English language using the key
terms, “roux-en-y gastric bypass surgery”, “BMI”
and “cardiac function” in the title, keywords, and
abstract till 1 March 2015. Relevant articles were

selected by two reviewers independently and
used for data extraction. The reference list of the
relevant articles was also searched manually to
include other relevant articles and minimize the
possibility of any missing data.

Study selection
There was no time limitation for the selection
of the articles. Only articles in English language
were included in the study to minimize any
misinterpretation of data in further processes
of data extraction. Clinical trials, cross-sectional,
case-controls, case reports, and prospective cohort
studies were included in this literature review.
Review articles and meta-analysis were omitted in
the first step of article selection process. Moreover,
papers were excluded if they were unrelated to
the purpose of this study, or if surgical techniques
other than RYGB surgery have been used for the
treatment of morbid obesity. Inclusion criteria
were papers in which the effects of gastric bypass
surgery on ventricular function and cardiovascular
risk factors had been studied in obese patients
with BMI over 40 kg/m2. Duplicated and irrelevant
papers were omitted in the first step by reviewing
the titles, keywords, and abstracts of papers. Full
text of the relevant documents was fully reviewed
and used for data extraction.

Data synthesis
Data including the name of the first author, country, publication date, study design, and concluded
results were extracted and tabulated based on the
main purpose of this study. All available data including total number of participants and patient
characteristics were obtained as possible. Extracted data were categorized based on the results reporting the effects of RYGB surgery on ventricular function and cardiovascular risk factors. All
processes of data extraction and study selection
were performed by two independent reviewers;
in addition, data synthesis was based on the recommendation of PRISMA 2009 (11).

Results

Search results
Out of 120 article found in PubMed search,
and 28 records found in Scopus, only 38 articles
seemed to be related to the purpose of this study.
Seventeen records were omitted due to duplication, subject or language irrelevancy. Additionally, three papers were also excluded because the
BMI of studied patients were less than 40 kg/
m2. After careful revision of the articles, only 18
papers fully met the inclusion criteria for further
assessment; hence, full text of included articles
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were collected, and the data were extracted based
on the main purpose of this study. Figure 1 shows
step by step selection process of included articles.
Figure 1. Flowchart of the study selection
Articles found through
PubMed search
n=120

Articles found in Scopus
n=28

Total records
n=148
Papers excluded due to
duplication OR irrelevancy
n=127

Full text articles assessed
for eligibility
n=21
Articles excluded at final
assessment
n=3

Total records assessed
for data extraction
n=18

Description of the included studies
The total numbers of participants were 2740
that were studied for the evaluation of the relationship between RYGB surgery, ventricular
function and cardiac risk factors in patients with
morbid obesity. Of them, 1706 were obese patients with BMI over 40 kg/m2 who had undergone RYGB surgery, and 1034 were control participants with or without morbid obesity who
had not undergone gastric bypass surgery. The
age, gender and other demographic data had not
been reported in some studies and more than
half of the patients were female. The number of
studied participants varied from 2 patients in a
case report to 423 obese patients. The duration
of postoperative follow-up varied from 1 month
to 10 years among the studies.

Study results
Results of studies showed that RYGB surgery
could significantly reduce the weight and BMI,
postoperatively. It was also shown that cardiac
risk factors, diastolic function, systolic and diastolic blood pressures, and aortic function improved after surgery. Results of included studies
also showed that baroreflex sensitivity (BRS), epicardial fat thickness, left ventricular (LV) performance, coronary circulatory function, and heart
rate variability (HRV) indices improved at longterm follow-up. Analysis of the data showed that
ventricular function has improved due to RYGB
surgery; as well the cardiac risk factors reduced
40

postoperatively in obese patients with BMI>40
kg/m2. Moreover, according to reported data in
the reviewed papers, and by comparison of data
between RYGB surgical patients and nonoperative
controls, all cardiopathologic markers and other
causative factors of cardiac associated disease
significantly improved at long-term follow-up
in patients who had undergone RYGB surgery.
Therefore, it could be concluded that weight loss
by RYGB surgery might be a powerful and permanent intervention to reduce the occurrence of
myocardial infarction or other cardiac-associated
diseases and death due to the morbid obesity.

Discussion

Obesity is associated with a significant increase
in the risk of cardiovascular diseases such as impaired aortic function and diastolic indices, hypertension, and coronary heart disease (15,19,23). It
is also associated with diseases such as diabetes
and dyslipidemia (30). Several strategies and interventions are suggested to treat patients with
morbid obesity, but among the suggested items,
RYGB surgery has attracted more attentions and
is now considered as the method of choice and
the gold standard of bariatric surgery.
Results show that RYGB surgery reduces the
serum level of biochemical cardiac risk factors,
particularly C-reactive protein and coronary artery calcium (CAC) score, the marker of coronary
atherosclerosis (165,31). Serum level of hemoglobin A1C and cardiac structure significantly
improve in severely obese patients after bariatric
surgery (32). Findings also show that the risk of
cardiovascular diseases and heart attack is significantly lower in severely obese patients who
have undergone RYGB surgery (14,18,29). As
well, it is shown that all parasympathetic indices
of autonomic function increase postoperatively.
Moreover, RYGB surgery has a satisfactory effect
on cardiovascular autonomic function, coronary
circulatory function, hypertension, epicardial fat
thickness, and ventricular performance. Moreover, RYGB surgery minimizes the requirement of
antihypertensive drugs in morbid obese patients
at long-term follow-up (28,32).
Therefore, according to aforementioned and
based on data reviewed in this study, RYGB surgery is an effective and sustained weight loss
strategy that reduces BMI to normal level and
improves cardiovascular and cardiac autonomic
function. However, a comprehensive, comparative and methodological study is suggested to design to evaluate the efficacy of all interventions
and strategies on sustained weight loss and their
independent effect on BMI and cardiac functions
at long-term follow-up.
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Table 1. Characteristics of literatures included in this review
NO

Author
Country
Reference

Year

Study type
(Follow-up) ®

Number of
participants

BMI pre and postoperatively (kg/m2)

Factors examined*

1

McCloskey
USA
(12)

2007

RS
(6 months)

14

50.8- 36.8

CF, LVF
AF, BP, LVMI, LVF

2007

PCS
(12 months)

60 patients,
20 controls

48.68-32

Maser
USA
(14)

PS
(36 months)

21

48-34.3

CAF, S/DBP, HbA1c

109

49-36

BP, CF

Williams
USA
(16)

2007

RS
(17 months)
PS
(12 months)

356

47-31

BP, HbA1C, BCRF

2

43- 23 and 56- 37

L/RVF, CF

Kligman
USA
(18)

2008

CR
(2 years)

RS
(10-year)

101

S/DBP, CF

95

47-NM©

S/DBP, CF

Lind
Sweden
(20)

2009

RS
(12 months)

46.9- 28.7 at 1 year
follow-up

(12 months)

43.8- 31.1

S/DBP, HR

2011

57 patients,
57 controls

49- 35

Owan
USA
(22)

RS
(3.6 years)

19 patients,
19 controls

423 patients,
733 controls

47.9-32.2

L/RVF, L/RVMI, L/
RMP

43

41.8-28.4

HR, S/DBP,

Wasmund
USA
(24)

2011

RS
(2 years)

153 patients,
188 controls

47-31

HR, HbA1C, S/DBP

32

51-37

S/DBP, HbA1C, HR

Kokkinos
Greece
(26)

2013

PS
(6 months)

14

47.9-34.5

18

45-30

Aftab
Norway
(28)

2014

PS
(22 months)

S/DD, LVMI, PB, LVP,
CAF

PS
(5 years)

184 patients

46.5-33

BP, CF

PCS
(12 months)

5 patients,
17 controls

63-36.4

S/DBP, BCRF

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Ikonomidis
Greece
(13)

2007

Vogel
USA
(15)

2007

Ristow
USA
(17)

2008

Hinojosa
USA
(19)

2009

Garza
USA
(21)

2010

Valezi
Brazil
(23)

2011

Maser
USA
(25)

2013

Quercioli
Switzerland
(27)

2013

Oberbach
Austria
(29)

2014

PS
(2-Year)
PCS
(1 year)

PS
(6 months)

HR, LVMI, RVF, CF

CCF, BP, BCRF

®
RS: Retrospective study, CR: Case report, CC: Case–control study, PBOS: Prospective, blinded observational study, PCS: Prospective cohort study, PCS:
Prospective study ; * CF: Cardiac function, L/RVF: Left/right ventricular function, AF: Aortic function, BP: Blood pressure, CAF: Cardiac autonomic function,
S/DBP: Systolic/diastolic blood pressure, BCRF: Biochemical cardiovascular risk factors, HR: Heart rate, L/RVMI: Left/right ventricular mass index, L/
RMP: Left/right myocardial performance, S/DD: Systolic/diastolic diameters, LVP: Left/right ventricular performance, CCF: coronary circulatory function.
©
NM: Not mentioned.
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Conclusion

Based on the results obtained in this study, it
is concluded that ventricular function and cardiac risk factors improve in morbid obese patients
after RYGB surgery. Moreover, the serum level of
biochemical markers of cardiac disease improve
postoperatively.
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