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Abstract
Background This study was conducted to evaluate the amount of weight loss and weight regain and also remission rate of
obesity-related comorbidities including diabetes mellitus (DM), hypertension (HTN), and dyslipidemia in patients who
underwent LRYGB or LSG during 5 years of follow-up.
Methods A total of 120 patients who underwent LRYGB or LSG from 2011 to 2013 were enrolled and followed-up for 5 years.
Changes in weight, body mass index (BMI), percent weight loss (%WL), and percentage of excess weight loss (%EWL) were
recorded.
Result %WL and %EWL were similar between two procedures at 1 year following operation. In patients who underwent LSG,
%WL and %EWL were 24.6 ± 1.3% and 61.9 ± 3.5%, respectively, and in LRYGB were 30.4 ± 1.3% and 79.4 ± 3.6%, respec-
tively, 5 years after surgery. Weight regain was 32.0% in LSG and 9.3% in LRYGB after 5 years. The remission rate of diabetes
mellitus, hypertension, and dyslipidemia was 70%, 54%, and 100%, respectively, after 5 years of surgery.
Conclusion Comparing the 5-year success rate of these two techniques, LRYGB seems to be superior to LSG, with lower weight
regain and higher weight loss. The short- and long-term effects of two procedures on remission of comorbidities were
comparable.
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Introduction

Nowadays, about one in every three persons in the world is
overweight or obese which is an increased prevalence com-
pared with the past [1]. The prevalence of obesity increased
from 1980 to 2016 worldwide. In 2016, it was estimated that
281 million men and 390 million women, aged 20 years and
older, were obese [2]. In 2030, the population of obese people
is expected to reach 1.12 billion adults (20% of adults’

population) in the world [3]. A similar trend in the growth of
the overweight population in Iran has been reported [4]. A
recent study reported that the prevalence of obesity in
Iranian females has increased from 31.3 to 38.6%, from
1999 to 2008 [5]. It has been shown that obesity is associated
with other major diseases including diabetes mellitus type 2
(DM), hypertension (HTN), dyslipidemia, sleep apnea, asth-
ma, fatty liver, reflux, and some types of cancer [1, 6–8].
Obesity and its related complications cause 2.5 million deaths
annually [6].

Epidemiological studies as well as intervention studies in-
dicate that weight loss is associatedwith a decreased incidence
of hypertension and non-insulin-dependent diabetes mellitus
[9, 10]. There are several medical and surgical interventions
for the treatment of obesity. Medical treatments including diet
therapy, behavior modifications, and medications are helpful.
Meanwhile, surgical treatments result in more sustained
weight loss in comparison with medical treatments [6, 11].
Laparoscopic Roux-en-Y gastric bypass (LRYGB) and
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laparoscopic sleeve gastrectomy (LSG) are the most common
types of bariatric surgery [12]. LSG is only a restrictive pro-
cedure but LRYGB is a combination of the malabsorptive and
restrictive procedure. There are some reports indicating that
both LRYGB and LSG result in efficient weight loss [13].

Weight regain after surgery is a great concern for bariatric
surgeons. It has been estimated that 15–35% of the patients
will experience weight regain after LYRGB [14].

Despite previous studies on bariatric surgeries, no compre-
hensive study has compared the results of LRYGB and LSG
in Iran. This study was conducted to evaluate the amount of
weight loss and weight regain and also remission rate of
obesity-related comorbidities including DM, HTN, and dys-
lipidemia in patients who underwent LRYGB or LSG surger-
ies during 5 years of follow-up.

Materials and Methods

In this prospective study, 120 morbidly obese patients who
underwent LRYGB (64 patients) and LSG (56 patients) at
the Erfan Hospital, Tehran, since 2011 to 2013 participated
and were followed-up until 2017. The surgery was indicated,
based on National Institutes of Health (NIH) criteria body
mass index (BMI) ≥ 40 or ≥ 35 kg/m2 with an obesity-related
comorbidities and failure to respond to non-surgical approaches
was considered as indications for bariatric surgery [15]. Patients
were aged < 19 years, who had major depressive disorder, psy-
chosis, uncontrolled hypo- and hyperthyroidemia, and addic-
tion to opioid or alcohol were excluded from the study.

The study protocol was approved by the Ethics Committee
of Tehran University of Medical Sciences (No. 9311245004),
and informed consent was obtained from all the participants.

The patients were visited preoperatively by a surgeon (K.T)
and the surgical procedure and its benefits and side effects
were explained to them thoroughly. Type of surgery was cho-
sen by the surgeon based on baseline weight, metabolic dis-
orders, and eating behaviors. Preoperative work-up and post-
operative recommendations were described previously [16].
Patients were visited 1, 3, 6, and 12 months after the operation
and annually afterwards to examine the trend of weight loss,
dietary intake, and remission of comorbidities. Preoperative
data collected from the patients included weight, height, level
of education, marital status, and obesity-related comorbidities
including HTN, DM, and dyslipidemia. Drugs history and
biochemical tests (i.e., fasting blood sugar, HbA1c, and lipid
profile) were used for analysis of obesity-related comorbidi-
ties. Remission of the comorbidities was defined as comorbid-
ities controlled with less medication or no drugs needed to
control them. At each visit, weight was measured and BMI
was calculated. Percent weight loss (%WL) was calculated as
follows: [(weightpreoperative − weightpostoperative)/(weight-

preoperative)] × 100. Percentage of excess weight loss (%EWL)

was computed using the following formulas [17]: [(weight-

preoperative − weightpostoperative)/(weightpreoperative − ideal
weight)] × 100. Ideal body weight (IBW) was defined as the
weight in a BMI of 25 kg/m2. The success rate was defined as
%EWL > 50%. Weight regain was determined based on two
definitions as follows: (1) 25% increase in lost weight from
the first 1 year postoperation or (2) weight regain more than
10 kg from the weight at 1 year after surgery [18].

Surgical Techniques

The LRYGB procedure involved creating gastric pouch by
one transverse and usually three 3.5 staple loads (Covidien).
Antecolic end to side gastrojejunostomy with a Roux-en-Y
limb of 150 cm was carried out using 3.5 staple load and
completed by hand-sewn continuous sutures. End to side
jejunojejunostomywas also created using 2.5-mm staple loads
and completed by hand-sewn sutures. Finally, Petersen space
was closed by Prolene continuous sutures. The LSG proce-
dure began with gastrolysis 5 cm proximal to pylorus and was
continued dividing gastrosplenic ligament up to the angel of
His. Gastrectomy was carried out by linear stapler and an
orogastric tube (a 36-Fr bougie) was placed in the stomach
for guidance. Size of the cartridges was selected based on
stomach thickness. The stapler line was routinely reinforced
by running sutures (PDS II, Ethicon).

Statistical Analysis

SPSS version 20.0 (SPSS Inc., Chicago, IL) was used for
statistical analysis. Recorded data were presented as mean
with standard deviation (SD) and number (%). The student t
test and chi-square were used to compare the baseline contin-
uous and non-continuous variables between two groups, re-
spectively. The analysis of covariance (ANCOVA) was ap-
plied to compare the means of both groups after adjustment
for baseline weight and BMI. Chi-square test was used to
compare the remission rate of diabetes, HTN, and dyslipid-
emia 1 year and 5 years after surgery between two groups. The
level of significance was defined as P < 0.05 [19].

Results

A total number of 120 morbidly obese patients underwent
bariatric surgeries. Of those, 56 patients (46.7%) underwent
LSG and 64 patients (53.3%) underwent LRYGB. They were
followed-up annually for 5 years. 15.4% were lost to follow-
up after 5 years (18.5% in LSG and 12.0% in LRYGB).

Table 1 shows the demographic characteristics and the
prevalence of comorbidities based on the procedure. Mean
age of the patients was 36.8 ± 11.3 years and 78.3% of the
patients were female (n = 94). Mean body weight and BMI
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were 109 ± 19 kg and 40.0 ± 5.8 kg/m2 in the LSG group and
were 131 ± 25 kg and 47.0 ± 7.3 kg/m2, in the LRYGB group,
respectively. The rate of obesity-related comorbidities was as
follows: DM 10%, HTN 15%, dyslipidemia 22.5%, obstruc-
tive sleep apnea 24.2%, reflux 22.5%, gallbladder stones
12.5%, hypothyroidism 22.5%, and fatty liver 30%.

One year postoperation, %WL and %EWL were similar
between two groups. Five years after the operation, %WL
(30.4 ± 1.3% vs. 24.6 ± 1.3%, P = 0.005, respectively) and
%EWL (79.4 ± 3.6% vs. 61.9 ± 3.5%, P = 0.001, respectively)
were significantly higher in LRYGB than LSG. The success
rate was 85.7% in the LSG group and 90.5% in the LRYGB
group 1 year postoperative (P = 0.30) and reached to 76.0% in
LSG group and 85.7% in LRYGB 5 years after surgery (P =
0.15).

Weight regain was found in 9.3% of patients who
underwent LRYGB and 32.0% of those who underwent
LSG (P = 0.004). Based on the first definition, weight regain
was observed in 17.3% of the patients 5 years postoperative
(30.0% in the LSG group and 5.6% in the LRYGB group, P =
0.001). It was found that 20.0% of the patients who underwent
LSG and 7.4% of the patients who underwent LRYGB expe-
rienced weight regain of more than 10 kg 4 years after the

surgery (P = 0.05). Table 2 reveals %WL,%EWL, and weight
regain 1 and 5 years after the surgery in two groups.

Comorbidities remission rate in different surgery groups is
shown in Figs. 1, 2, and 3. It was indicated that the prevalence
of dyslipidemia was decreased from 22.5 to 0.0%, 1 year after
the surgery, and this rate remained unchanged for the next
5 years in all the patients (Fig. 1). Remissions were also ob-
served in patients with DM and HTN after 1 year of surgery.
Remission of HTN was 49.0% in LSG and 52.0% in LRYGB
1 year after surgery. At 5 years postoperative, HTN remission
was 49.0% and 55.0% in LSG and LRYGB, respectively
(Fig. 2). Moreover, the remission rate of DM 1 and 5 years
after the surgery was recorded to be 77.0% and 77.0%, respec-
tively in LSG and 73.0% and 82.0%, respectively in LRYGB
(Fig. 3). There were no significant differences between
LRYGB and LSG on treatment of DM, HTN, and dyslipid-
emia at 1 year and 5 years after surgery.

Discussions

This study was designed to evaluate the amount of weight loss
and weight regain and also remission rate of obesity-related

Table 1 Characteristics of the
participants preoperatively Characteristic Total (n = 120) LRYGB (n = 64) LSG (n = 56) P value

Age (years) 36.8 ± 11.3 36.9 ± 11.5 36.6 ± 10.9 0.86

Weight (kg) 120 ± 25 131 ± 25 109 ± 19 < 0.001

Height (cm) 165.8 ± 8.2 167 ± 9 165 ± 6 0.22

BMI (kg/m2) 43.2 ± 7.1 47.0 ± 7.3 40.0 ± 5.8 < 0.001

Female (%) 78.3% 73.4% 83.9% 0.12

Married (%) 76.1% 72.1% 80.4% 0.20

Sleep apnea (%) 24.2% 26.6% 21.4% 0.33

Reflux (%) 22.5% 21.9% 23.2% 0.51

Gallbladder stone (%) 15% 14.1% 10.7% 0.35

Hypothyroidism (%) 22.5% 18.8% 26.8% 0.20

Fatty liver (%) 30% 21.9% 40.0% 0.02

Table 2 Weight changes 1 and
5 years after surgery Weight change Total (n = 120) LRYGB (n = 64) LSG (n = 56) P value

Weight after 1 year (kg) 84.5 ± 16.7 83.8 ± 1.1 85.2 ± 1.2 0.42

Weight after 5 years (kg) 85.5 ± 18.0 81.9 ± 1.5 89.4 ± 1.6 0.002

BMI after 1 year (kg/m2) 30.4 ± 5.0 30.0 ± 0.4 30.7 ± 0.4 0.31

BMI after 5 year (kg/m2) 30.9 ± 5.5 29.5 ± 0.5 32.3 ± 0.5 0.002

%WL after 1 year (kg) 29.1 ± 7.8 29.6 ± 1.0 28.9 ± 1.2 0.64

%WL after 5 years (kg) 27.6 ± 9.5 30.4 ± 1.3 24.6 ± 1.3 0.005

%EWL after 1 year 70.9 ± 26.1 74.3 ± 2.9 74.3 ± 2.6 0.99

%EWL after 5 years 74.3 ± 22.1 79.4 ± 3.6 61.9 ± 3.5 0.001

Weight regain 20.2% 9.3% 32.0% 0.004

BMI, body mass index; %EWL, percent excess weight loss; %WL, percent weight loss
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comorbidities including DM, HTN, and dyslipidemia in pa-
tients who underwent LRYGB or LSG during 5 years of fol-
low-up. The small sample size was the main limitation of the
present study. In the present study, the %WL and %EWL in
LSG and LRYGB group were comparable in the first 1 year
after the operation. However, %WL and %EWL in LRYGB
were significantly higher than LSG after 5 years. Our results
were consistent with Brethauer et al. [20] that indicated higher
%WL (28.1 ± 10.9% vs. 22.2 ± 9.3%, P = 0.01) and %EWL
(60.5 ± 24.6% vs. 49.5 ± 24.9%, P = 0.04) in LRYGB com-
pared with LSG 5 years postoperation. Bhandari et al. [21]
have revealed that LRYGB leads to more %EWL than LSG
(61% vs. 50%) over 6 years of follow-up. In contrary, Dakour
Aridi et al. [13] showed a higher %EWL for the LSG group in
comparison with the LRYGB group 1 year and 5 years after
the surgery. In another study, %EWL (69.8% vs. 67.3%) and
rate of successful weight loss (87.3% vs 77.8) were similar
between LRYGB and LSG 5 years after operation [22].

In this study, 20.2% of the patients had weight regain
5 years after the operation. Baig et al. [18] have indicated that
weight regain was 35.1% in LSG and 14.6% in LRYGB.
Cooper et al. [23] have reported that the mean of weight regain
after LRYGB was 23.4% of maximum weight loss. It was

illustrated in the present study that 20.0% of the patients
who underwent LSG and 7.4% of the patients who underwent
LRYGB experienced weight regain ofmore than 10 kg 5 years
after the surgery. There are reports indicating a 19% weight
regain of more than 10 kg 5 years after SG [24]. King et al.
[25] have shown that patients in the LSG group had more
weight regain, compared with the LRYGB group, 5 years after
the surgery (P = 0.003). To our knowledge, other risk factors
for weight regain after SG have not been reported. However,
studies evaluating weight regain after RYGBP have shown
multiple conditions associated with this adverse result, includ-
ing dietary noncompliance, frequency of follow-up visits to a
dietitian, physical inactivity, mental health disturbances, and
hormonal and metabolic factors. Poor diet quality, character-
ized by excessive intake of calories, snacks, sweets, and fatty
foods, and higher intake of high glycemic index carbohy-
drates, was reported in patients who regained weight after
RYGB [26].

In the present study, significant improvement in diabetes
was observed 1 year and 5 years after surgery in both proce-
dures (77% and 82% in LSG and LRYGB, respectively) with
no significant differences between two groups. The past co-
hort studies have revealed the promotion of glycemic index
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after bariatric surgeries [27, 28]. Our results were consistent
with Peterli et al. [29] that indicated remission of diabetes
3 years after LSG (60%) and LRYGB (77%) was similar be-
tween two surgeries. In two other prospective studies, Dicker
et al. [30] and Salminen et al. [31] also reported that the re-
mission rate of DM at 5 years after LRYGB is similar to LSG.
The effect of LRYGB on glycemic control may be explained
as a result of patient’s weight loss, decrease in calorie intake
caused by changes in gastrointestinal anatomy, and hormonal
changes [17].

In this study, the remission rate of HTN was 47% and 53%
1 and 5 years after the surgery, respectively. All the patients
who suffered from dyslipidemia were recovered 1 year after
the surgery, and the results remained constant for the next
5 years in both groups. The effect of both procedures in the
treatment of HTN and dyslipidemia was equal. Peterli et al.
[29] have shown promotion of lipid profile after bariatric sur-
geries but this improvement was higher in LRYGB than LSG.
In another study, the remission rate of 74% and 66% has been
reported for HTN and dyslipidemia, respectively [28]. There
are also reports of a 16% decrease in the prevalence of HTN in
a 7-year follow-up time [27]. Other study indicated that the
prevalence of HTN reduced from 49 to 35% and the preva-
lence of dyslipidemia decreased from 51 to 40% over long-
term periods [9]. The SLEEVEPASS randomized clinical trial
have shown that after 5 years of follow-up, remission rate of
dyslipidemia was 47% in LSG and 60% in LRYGB. This ratio
was reported to be 19% and 26% for HTN in the LSG and
LRYGB group, respectively [31]. Results of a systematic re-
view and meta-analysis stated that per 5-unit decrease in BMI,
declined diabetes by 33%, HTN by 27%, and hyperlipidemia
by 20% [32].

Conclusion

Both LRYGB and LSG are an effective approach to treat
morbid obesity. In the rate of successful weight loss, %WL

and %EWL were equal between two groups at the first 1 year
postoperatively. However, LRYGB was more effective than
LSG in terms of weight loss maintenance and weight regain
prevention over the long-term periods. The efficacy of
LRYGB in remission of obesity-related comorbidities such
as DM, HTN, and dyslipidemia was the same as LSG over
the follow-up periods.
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