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Abstract
AIM
To compare the impact of laparoscopic Roux-en-Y gastric 
bypass (LRYGB) and laparoscopic sleeve gastrectomy 
(LSG) on weight loss and obesity related comorbidities 
over two year follow-up via  case control study design.

METHODS
Forty patients undergoing LRYGB, who completed their 
two year follow-up were matched with 40 patients 
undergoing LSG for age, gender, body mass index 
and presence of type 2 diabetes mellitus (T2DM). 
Data of these patients was retrospectively reviewed 
to compare the outcome in terms of weight loss and 
improvement in comorbidities, i.e. , T2DM, hypertension 
(HTN), obstructive sleep apnea syndrome (OSAS), 
hypothyroidism and gastroesophageal reflux disease 
(GERD).

RESULTS
Percentage excess weight loss (EWL%) was similar in 
LRYGB and LSG groups at one year follow-up (70.5% 
vs  66.5%, P  = 0.36) while it was significantly greater 
for LRYGB group after two years as compared to LSG 
group (76.5% vs  67.9%, P  = 0.04). The complication 
rate after LRYGB and LSG was similar (10% vs  7.5%, 
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P  = 0.99). The median duration of T2DM and mean 
number of oral hypoglycemic agents were higher in 
LRYGB group than LSG group (7 years vs  5 years and 
2.2 vs  1.8 respectively, P  < 0.05). Both LRYGB and LSG 
had significant but similar improvement in T2DM, HTN, 
OSAS and hypothyroidism. However, GERD resolved in 
all patients undergoing LRYGB while it resolved in only 
50% cases with LSG. Eight point three percent patients 
developed new-onset GERD after LSG.

CONCLUSION
LRYGB has better outcomes in terms of weight loss 
two years after surgery as compared to LSG. The 
impact of LRYGB and LSG on T2DM, HTN, OSAS 
and hypothyroidism is similar. However, LRYGB has 
significant resolution of GERD as compared to LSG. 

Key words: Bariatric surgery; Laparoscopic sleeve 
gastrectomy; Laparoscopic Roux-en-Y gastric bypass; 
Weight loss; Comorbidities

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Laparoscopic sleeve gastrectomy (LSG) and 
laparoscopic Roux-en-Y gastric bypass (LRYGB) are the 
most popular bariatric procedures. Few studies have 
compared the outcomes of LSG vs  LRYGB in terms 
of weight loss and comorbidity resolution, especially 
in India. Using case control design in a well-matched 
population of 40 patients each undergoing LSG and 
LRYGB, we found similar weight loss one year after 
surgery in both the groups but the weight loss was 
significantly higher in LRYGB group two years after 
surgery. The complication rate was similar in both 
groups. Regarding comorbidity resolution, both LRYGB 
and LSG had significant but similar impact on obesity 
related comorbidities except gastroesophageal reflux 
disease where LRYGB showed better improvement. This 
is also among the first few studies to study the impact 
of bariatric surgery on hypothyroidism. 

Garg H, Priyadarshini P, Aggarwal S, Agarwal S, Chaudhary 
R. Comparative study of outcomes following laparoscopic 
Roux-en-Y gastric bypass and sleeve gastrectomy in morbidly 
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Endosc 2017; 9(4): 162-170  Available from: URL: http://www.
wjgnet.com/1948-5190/full/v9/i4/162.htm  DOI: http://dx.doi.
org/10.4253/wjge.v9.i4.162

INTRODUCTION
Bariatric surgery is an effective tool in the management 
of obesity and its associated comorbidities[1]. 

Laparoscopic Roux-en-Y-gastric bypass (LRYGB) is 
the current gold standard among the various bariatric 
procedures performed worldwide[2]. Studies have 
proven its excellent long term outcomes with low rate 

of morbidity[3]. Laparoscopic sleeve gastrectomy (LSG) 
was introduced as a first step procedure to reduce 
morbidity in high risk patients followed by either LRYGB 
or bilio-pancreatic diversion with duodenal switch 
(BPD-DS)[4]. With increasing experience, LSG has 
proved its efficacy as a stand-alone procedure in the 
management of morbid obesity. Compared to LRYGB, 
LSG has several advantages. LSG is relatively easier 
to perform, preserves pylorus and antrum resulting 
in less Dumping syndrome, avoids risk of internal 
hernia and complications due to gastro-jejunostomy 
or jejuno-jejunostomy, decreases the risk of nutritional 
deficiencies and provides accessibility of the remnant 
stomach via endoscopy, which is important especially 
in Asian population[5]. However, few studies have 
compared the effect of LRYGB with LSG on weight 
loss and obesity associated comorbidities, especially in 
Indian population[5-10]. 

This study is among the few studies, in the Indian 
population, to compare the impact of LSG vs LRYGB 
on weight loss and obesity related comorbidities in a 
matched cohort of morbid obese patients over a period 
of two years.

MATERIALS AND METHODS
Data of all patients who underwent LSG and LRYGB 
at our centre, between January 2008 and March 2015 
and completed their two year follow up till March 2016, 
was retrospectively reviewed using a prospectively 
collected database. All the patients met the National 
Institute Health criteria for bariatric surgery. These 
patients include patients with morbid obesity, i.e., body 
mass index (BMI) > 40 kg/m2 or patients with BMI > 
35 kg/m2 with obesity associated comorbidities. The 
patients are counseled about the types of bariatric 
procedures - LSG and LRYGB and the benefits and 
complications associated with each of the procedures. 
The patients having severe gastroesophageal reflux 
disease (GERD), long-standing type 2 diabetes mellitus 
(T2DM) and with BMI > 50 kg/m2 are preferred for 
LRYGB. The bariatric procedure for a particular patient 
is decided mutually based on patient’s preference and 
surgeon’s viewpoint. The patients undergoing revision 
surgery or two stage procedure were excluded from 
the study. Patients undergoing LSG and LRYGB were 
matched by age, gender, BMI and presence or absence 
of T2DM. All the procedures were performed by the 
same surgeon (SA) according to standard surgical 
protocol. The preoperative workup included blood tests, 
chest radiography, upper gastrointestinal endoscopy, 
electrocardiogram, abdominal ultrasound and hormonal 
and nutritional evaluation. The patients were kept on 
Very Low Calorie Diet (approximately 800 kcal, 60-70 
g protein) for two weeks before surgery. The follow-up 
data upto 2 years was recorded in a study proforma.

Surgical procedure
LSG: The procedure was performed under general 
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anesthesia in Reverse Trendelenburg position. The 
sleeve was performed in a standard way. Four ports 
were used: Three 12 mm and one 5 mm. A self-
retaining liver retractor was introduced through a 5-mm 
incision in the epigastrium. The greater omentum was 
detached from a point 4 cm from the pylorus up to the 
angle of His using either ultrasonic shears or a bipolar 
sealing device. The left crus was completely exposed up 
to the medial border. A sleeve was created over a 36F 
gastric calibration tube with sequential firings of a three-
row stapler. Intraoperative leak test using methylene 
blue was done to check the staple line integrity. The 
remnant stomach was retrieved using one of the port 
site and port closure was done. A suction drain was 
placed as needed.

LRYGB: An antecolic and antigastric Roux-en-Y gastric 
bypass was done with an alimentary limb ranging 
100-150 cm and bilio-pancreatic limb of 70 cm as 
measured from duodeno-jejunal flexure. The procedure 
was performed under general anesthesia in Reverse 
Trendelenburg position. A 30- to 50-cc vertical gastric 
pouch was created. End to side gastro-jejunostomy and 
side-to-side jejuno-jejunostomy was done using three 
row stapler. Mesentric defect was sutured in all cases. 
Intraoperative leak test using methylene blue was done 
to check for the staple line integrity. A suction drain was 
placed as needed.

The data collected included patient demographics, 
preoperative BMI, presence of medical comorbidities, 
intra- and postoperative complications, weight loss and 
status of comorbidities after surgery.

Weight loss
The weight of the patients in preoperative period and at 
annual follow up till two years was recorded. The yearly 
absolute weight loss and percentage excess weight loss 
(EWL%) was calculated as described by Deitel et al[11]. 
Failure of surgery was defined as % EWL < 50% as per 
Reinhold criteria[12]. 

Comorbidity outcome
T2DM, hypertension (HTN), obstructive sleep apnea 
(OSA), hypothyroidism and gastroesophageal reflux 
disease (GERD) were assessed so as to determine 
whether it was aggravated, unchanged, improved or 
resolved compared to preoperative period.

T2DM: Presence of T2DM was defined as glycosylated 
haemoglobin (HbA1c) level ≥ 6.5% or fasting blood 
glucose (FBG) ≥ 126 mg/dL. Remission was defined 
as FBG < 100 mg/dL in the absence of anti-diabetic 
medications, and improvement was defined as decrease 
in anti-diabetic medications to maintain normal FBG. 
HbA1c was not available for all the patients in follow 
up period and hence was not used in the criteria for 
remission. 

HTN: Presence of HTN included both Stage 1 (blood 
pressure: 120-159/90-99 mmHg) and Stage 2 (> 
160/100 mmHg). Remission was defined as normal 
blood pressure (< 120/80 mmHg) when off antihy
pertensive medications as reported by the patient. 
Improvement in HTN was considered if there was de
crease in dosage or number of antihypertensive medi
cations to maintain normal blood pressure.

Obstructive sleep apnea syndrome: Obstructive 
sleep apnea syndrome (OSAS) was defined as apnea 
hypopnea index (AHI) > 15 events/h or > 5 events/h 
with typical symptoms[13]. Patients with severe OSAS 
(AHI > 30 events/h) received night time Continuous 
Positive Airway Pressure (CPAP) for atleast 2 wk 
before surgery. Resolution in OSAS was defined as 
disappearance of symptoms with patient no longer 
receiving CPAP therapy. Improvement in OSAS was 
defined as decrease in the symptoms with no longer 
need of CPAP therapy. Polysomnography could not be 
done in all patients in post-operative period and hence 
AHI could not be used as criteria for remission of OSAS. 

Hypothyroidism: Presence of hypothyroidism was 
defined as patients who were on thyroxine therapy for 
overt hypothyroidism in preoperative period. Remission 
was considered if patient showed normal thyroid function 
tests without any thyroxine therapy. Improvement in 
hypothyroidism was considered if there was decrease 
in dosage of thyroxine supplement to maintain normal 
thyroid function tests.

GERD: The presence of GERD symptoms using GERD 
severity symptom (GERD-SS) questionnaire[14] and 
proton pump inhibitors (PPI) intake was assessed 
preoperatively and at follow up visits. A GERD SS Score 
> 4 or regular intake of PPI was defined as GERD. The 
resolution of GERD was defined as disappearance of 
symptoms when patient was no longer taking PPIs, 
whereas improvement was defined as a decrease 
in or disappearance of symptoms with a lower PPI 
dosage. Worsening of GERD was defined as increase 
in the symptoms or increase in the dosage of PPI after 
LSG. De novo GERD was defined as the postoperative 
development of reflux symptoms in patients who had 
not experienced GERD before LSG.

Statistical analysis
Statistical analysis was performed using SPSS software 
version 20.0 (SPSS Inc., Chicago, IL, United States). 
Normality of the data was checked using Shapiro-Wilk 
Test. For continuous variables, results were presented as 
mean ± standard deviation (SD) or median (Interquartile 
range) as appropriate. Comparative analysis was 
performed using Student’s t test or Mann-Whitney U 
test for continuous variables and χ2 test for categorical 
variables. Correlation between data was assessed using 
Pearson or Spearman Rank Correlation Coefficient 
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(SRCC) as appropriate. Statistical significance was 
identified as P < 0.05. 

RESULTS
Four hundreds and seventy-six patients underwent LSG 
and 61 patients underwent LRYGB between January 
2008 and March 2016 at our centre. Forty patients 
with primary LRYGB completed their two year follow up 
and were matched to 40 patients undergoing LSG who 
also completed this follow up period. Table 1 gives the 
baseline characteristics of both the groups.

Impact on weight and associated parameters
After one year follow-up, the mean BMI (± SD) 
decreased from 43.9 (± 3.7) kg/m2 to 31.1 (± 4.8) 
kg/m2 in LRYGB group while 45.8 (± 4.8) kg/m2 to 
32.5 (± 4.5) kg/m2 in LSG group (Figure 1). The mean 
(± SD) %EWL at one year follow-up was 70.5% (± 
21.5%) and 66.5% (± 18.6%) in LRYGB and LSG group 
respectively (Figure 2). Using Student’s t test, there was 
no significant difference in mean BMI or %EWL one year 
after either LRYGB or LSG.

At two year follow up, the mean BMI (± SD) BMI 
declined to 29.9 (± 4.4) kg/m2 and 31.9 (± 4.3) kg/m2 
in LRYGB and LSG group respectively (Figure 1). The 
%EWL at 2-year follow up was 76.7% (± 20.2%) and 
67.9% (± 17.9%) in LRYGB and LSG group respectively 
(Figure 2). This difference was statistically significant 
with LRYGB having better outcome in terms of weight 
loss after two years. As per Reinhold’s criteria of failure 
of surgery, there was 12.5% failure in LRYGB group 
compared to 20% failure in LSG group two years after 

the surgery. Figure 1 shows the decline in the weight 
and associated parameters after LSG and LRYGB.

Complication rate
In our experience of 476 LSG and 61 LRYGB, 6 (1.2%) 
patients in LSG group and no patient in LRYGB group 
had post-operative staple line leak. However, among 
the patients in the study cohort, none of the patient had 
staple line leak. In the LRYGB group, 2 (5%) patients 
underwent re-diagnostic laparoscopy and repair for 
internal hernia, one patient underwent laparoscopy 
adhesive intestinal obstruction eight months after 
primary surgery and one patient developed gastro-
jejunostomy narrowing with edema which responded to 
conservative management. In the LSG group, 3 (8.3%) 
patients developed new-onset GERD in post-operative 
period managed with medical treatment. Overall, the 
complication rate in two groups was similar (10% in 
LRYGB vs 7.5% in LSG group, P = 0.99).

Impact on comorbidities
T2DM: Each of the LRYGB and LSG group had 27 
patients with 5 patients each on insulin therapy. The 

  Parameter LRYGB group 
(n  = 40)

LSG group 
(n  = 40)

P  value

  Age (yr) 44.6 ± 10.2 44.8 ± 10.2 NS
  Gender  
     Female, n (%) 29 (72.5%) 29 (72.5%) NS
     Male, n (%) 11 (27.5%) 11 (27.5%) NS
  Weight (kg) 109.9 ± 13.9 113.6 ± 15.2 NS
  Body mass index (kg/m2) 43.9 ± 5.5 45.8 ± 4.8 NS
  Excess weight (kg) 46.9 ± 12.7 51.3 ± 12.2 NS
  Comorbidities
  Type 2 diabetes mellitus, n (%) 27 (67.5%) 27 (67.5%) NS
     Patients on insulin 5 (18.5%) 5 (18.5%) NS
     aNumber of OHA 2.2 ± 0.7 1.8 ± 0.7
     a,bDuration (yr) 7 (5-7) 5 (3-7)
  Hypertension, n (%) 25 (62.5%) 23 (57.5%) NS
     Number of AHA 1.7 ± 0.7 1.7 ± 0.8 NS
  OSAS, n (%) 7 (17.5%) 2 (5%) NS
  Hypothyroidism, n (%) 11 (27.5%) 7 (17.5%) NS
  Thyroxine dosage (µg/d) 90.9 ± 25.7 89.9 ± 31.8 NS
  GERD, n (%) 7 (17.5%) 4 (10%) NS

Table 1  Baseline characteristics of study population (n  = 80)

All P values are non-significant except aP value < 0.05 as assessed by 
Student’s t test; All data expressed as mean ± SD except bwhere data 
is presented as median (Interquartile range). AHA: Anti-hypertensive 
agents; GERD: Gastroesophageal reflux disease; OHA: Oral hypoglycemic 
agents; OSAS: Obstructive sleep apnea syndrome; LRYGB: Laparoscopic 
Roux-en-Y gastric bypass; LSG: Laparoscopic sleeve gastrectomy.
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Figure 1 Impact of bariatric surgery on body mass index over two years 
follow-up: There was no significant difference in body mass index 
preoperatively (P = 0.11) and at 1 year post-op (P = 0.175). At 2 years 
follow-up however, patients who had undergone LSG had significantly higher 
BMI (P = 0.038) compared with those who had undergone LRYGB. Mean BMI 
were compared using Student’s t test. LSG: Laparoscopic sleeve gastrectomy; 
LRYGB: Laparoscopic Roux-en-Y gastric bypass; BMI: Body mass index.

Figure 2  Impact of bariatric surgery on percentage excess weight 
loss over two years follow-up: There was no significant difference in 
percentage excess weight loss at 1 year post-op (P = 0.36). At 2 years 
follow-up however, patients who had undergone LRYGB had significantly 
greater excess weight loss (P = 0.044) compared with those who had 
undergone LSG. %EWL were compared using Student’s t test. LSG: 
Laparoscopic sleeve gastrectomy; LRYGB: Laparoscopic Roux-en-Y gastric 
bypass; %EWL: Percentage excess weight loss.
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median duration of T2DM differed significantly between 
LRYGB and LSG. The median (IQR) duration of T2DM 
and mean number of Oral Hypoglycemic Agents (OHA) 
were significantly higher in LRYGB group as compared 
to LSG group (Table 1). 

On follow up, T2DM resolved in 66.7% (18 out of 
27) patients while improved in 33.3% (9 out of 27) 
patients in LRYGB group. In the LSG group, DM resolved 
in 77.8% (21 out of 27) while improved in 22.2% (6 
out of 27) patients. There was no new-onset T2DM 
noted in any of the groups. Both the procedures had 
significant impact on T2DM (P < 0.001). However, the 
impact of the two procedures on T2DM was comparable 
(P = 0.544) (Table 2).

In LRYGB group, all 5 patients, who were on insulin 
therapy pre-operatively, were off insulin therapy in post-
operative period (100%) and the mean number (± 
SD) of OHA declined significantly from 2.17 (± 0.7) to 
0.3 (± 0.5) in post-operative period. In LSG group, 3 
out of 5 patients (60%), who were on insulin therapy, 
continued on insulin therapy with decreased dose in 
post-operative period and the mean number (± SD) of 
OHA declined from 1.8 (± 0.7) to 0.3 (± 0.6) in post-
operative period. The decrease in number of OHA was 
similar in two groups (P = 0.736) (Table 3). 

HTN: Twenty-five patients were hypertensive in LRYGB 
group and 23 patients were hypertensive in LSG group. 
After surgery, there was remission in 44% (11 out of 
25) patients and improvement in 48% (12 out of 25) 
patients in LRYGB group. Similarly, there was remission 
in 34.8% (8 out of 23) patients and improvement in 
60.8% (14 out of 23) patients in LSG group (Table 
2). The mean number (± SD) of anti-hypertensive 
agents (AHA) declined from 1.7 (± 0.7) to 0.5 (± 0.5) 
in LRYGB group and 1.70 (± 0.8) to 0.57 (± 0.59) in 

LSG group. HTN, thus, improved significantly in both 
the groups (P < 0.001) but there was no significant 
difference in the outcome of either of the procedures 
(Table 3). 

OSAS: Seventeen point five percent (7 out of 40) 
patients in LRYGB group and 5% (2 out of 40) patients 
in LSG group had severe OSA and were on CPAP 
therapy preoperatively. All the patients were off CPAP in 
postoperative period (100%) and showed improvement 
in symptoms of OSAS, irrespective of the procedure 
performed (Table 2). 

Hypothyroidism: Twenty-seven point five percent (11 
out of 40) and 17.5% (7 out of 40) patients were on 
thyroxine therapy for hypothyroidism in LRYGB and LSG 
group respectively. Twenty-seven point three percent (3 
out of 11) patients in LRYGB group and 14.3% (1 out 
of 7) patients in LSG group maintained normal thyroid 
function tests without medications, 54.5% (6 out of 
11) patients in LRYGB group and 42.8% (3 out of 7) 
patients in LSG group showed decrease in the dosage of 
thyroxine while 18.2% (2 out of 11) patients in LRYGB 
group and 42.8% (3 out of 7) patients in LSG group 
had no effect on medication for hypothyroidism (Table 
2). The mean dosage of thyroxine decreased from 90.9 
(± 25.7) µg to 45.5 (± 40.7) µg in LRYGB group and 
89.2 (± 31.8) µg to 53.6 (± 39.3) µg in LSG group 
(Table 3). Both the procedures had significant impact 
on hypothyroidism but the impact was comparable (P > 
0.05). 

GERD: Based on GERD-SS questionnaire, 17.5% (7 
out of 40) patients had GERD preoperatively in LRYGB 
group which resolved completely after surgery. In 
LSG group, 10% (4 out of 40) patients had GERD 

  Comorbidity LRYGB LSG P value1

Preoperative Resolution Improvement Preoperative Resolution Improvement
  Type 2 diabetes mellitus 27 18   9 27 21 6 0.36
  Hypertension 25 11 12 23   8 14 0.64
  OSAS   7   7   0   2   2   0 -
  Hypothyroidism 11   3   6   7   1   3 0.58

Table 2  Impact of bariatric surgery on comorbidities (n  = 80)

1All P values were calculated by applying χ 2 test for every comorbidity comparing LSG and LRYGB. OSAS: Obstructive sleep apnea syndrome; LRYGB: 
Laparoscopic Roux-en-Y gastric bypass; LSG: Laparoscopic sleeve gastrectomy.

  Medications LRYGB LSG P value1

Preoperative period Postoperative period Preoperative Postoperative period
  Number of OHA 2.17 ± 0.7 0.3 ± 0.5 1.8 ± 0.7 0.3 ± 0.6 0.73
  Number of AHA   1.7 ± 0.7 0.5 ± 0.5 1.7 ± 0.8 0.6 ± 0.6 0.78
  Dosage of thyroxine (µg/d)   90.9 ± 25.7 45.5 ± 40.1 89.3 ± 31.8 53.6 ± 39.3 0.33

Table 3  Impact of bariatric surgery on medications for various comorbidities (n  = 80)

All data expressed as mean ± SD. 1All P values were calculated using Student’s t test separately for all comorbidities. AHA: Anti-hypertensive agents; OHA: 
Oral hypoglycemic agents; LRYGB: Laparoscopic Roux-en-Y gastric bypass; LSG: Laparoscopic sleeve gastrectomy.
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preoperatively which resolved in 50% (2 out of 4) 
patients while remained same in rest of them. There 
was no new onset GERD in LRYGB group but 8.3% (3 
out of 36 patients) developed new-onset GERD in LSG 
group.

DISCUSSION
In this study, we compared the outcomes of the two 
most commonly performed bariatric procedures- 
LSG and LRYGB in a well-matched morbidly obese 
population. We found the weight loss was similar at one 
year follow-up; however, weight loss was significantly 
higher in LRYGB group at two year follow-up. The 
complication rate was similar in both the groups. 
Regarding the impact on comorbidities, there was 
similar impact on T2DM, HTN, OSA and hypothyroidism. 
However, LRYGB led to better outcome in long-standing 
diabetics on insulin therapy.

The impact of LSG and LRYGB on BMI and weight 
associated parameters was significant over a follow-
up of two years. We found %EWL for LRYGB vs LSG at 
1-year and 2-year follow-up as 70.5% vs 66.5% (P = 
0.36) and 76.7% vs 67.9% (P = 0.044) respectively. 
As per Reinhold’s criteria[12], there was 20% failure in 
LSG group compared to 12.5% in LRYGB group. This 
suggests LRYGB had better outcome on weight loss 
over two years as compared to LSG. Similar results 
were reported by other studies. Lakdawala et al[10] 
reported similar weight loss at one year follow up in 100 
patients undergoing LSG and LRYGB. El Chaar et al[9] 
found %EWL of 75% with LRYGB as compared to 60% 
with LSG over two year follow up period. Boza et al[6] 
also reported significantly higher %EWL with LRYGB 
(94% vs 84%) over two year follow-up in 786 patients 
undergoing LRYGB and 811 patients undergoing LSG. 

Such higher %EWL could be explained by lower initial 
BMI of 38 kg/m2 in their study population. Nonetheless, 
there was lesser %EWL in LSG group. Li et al[7] in a 
meta-analysis involving 196 patients undergoing LRYGB 
and 200 patients undergoing LSG found significantly 
higher weight loss with LRYGB. The swiss multicentre 
bypass or sleeve study (SM-BOSS) - a prospective 
randomised controlled trial published its early results 
involving 107 patients undergoing LSG and 110 
patients undergoing LRYGB[8]. They reported 77% 
and 73% excess BMI Loss (EBMIL) at one year follow-
up and 73% and 63% EBMIL at three year follow-
up after LRYGB and LSG respectively (P = 0.02)[8]. 
On the contrary, few studies have reported better 
outcome in weight loss with LSG at one year follow-
up. Karamanakos et al[15] found %EWL of 69.7% in 
LSG group compared to 60.5% in LRYGB group, which 
they explained due to decreased ghrelin levels which 
suppressed appetite in initial period after surgery. Boza 
et al[6] also reported 10% and 5.4% failure rate of LSG 
and LRYGB at follow up of two years. As compared 
to our study, such lower failure rates could be due to 
involvement of less obese patients with mean BMI of 38 

kg/m2 in their study. 
Both LRYGB and LSG had positive impact on T2DM. 

We found similar rate of improvement in both the 
groups. Unlike LSG, all patients on insulin therapy in 
LRYGB group were off insulin therapy in post-operative 
period. Buchwald et al reported 83% remission rate of 
T2DM with LRYGB in a meta-analysis involving more 
than 22000 patients[16]. Boza et al[6] found similar 
remission rate in LRYGB and LSG group (91% vs 87% 
respectively). Lakdawala et al[10] showed 100% and 
98% remission rate of T2DM with LRYGB and LSG 
respectively. Inclusion of lower BMI patients with only 7 
and 17 diabetics in LSG and LRYGB groups respectively 
and shorter duration of diabetes could be the possible 
reasons for such high rate of remission. They also 
explained the better results in Asian population could 
be due to decreased insulin resistance with decrease 
in central obesity which was more prevalent in Asian 
population. Other studies by Zhang et al[5] and Peterli 
et al[8] also showed similar remission rate of T2DM with 
LRYGB and LSG. On the contrary, Li et al[7] in a meta-
analysis reported significantly better remission (Odds 
ratio = 9.08) of T2DM with LRYGB as compared to LSG. 
Similar results were reported by Lee et al[17]. 

Multiple mechanisms for remission of T2DM with 
LRYGB had been proposed. Foregut hypothesis, 
hindgut hypothesis, decreased ghrelin secretion and 
starvation followed by weight loss are among the major 
mechanisms[18]. The mechanism for remission of T2DM 
post LSG is still not completely understood. The possible 
mechanism include rise in post-prandial glucagon like 
peptide-1 due to increase in gastric emptying which 
lead to increase in insulin secretion. LSG also leads to 
decrease ghrelin and leptin levels which play role in 
glucose homeostasis after surgery[19].

The impact of LRYGB and LSG on HTN is variable. 
Sixty-two point five percent patients and 57.5% pati
ents were hypertensive in LRYGB and LSG group respe
ctively. We found remission rate of 44% and 35% and 
improvement in 48% and 60.8% in LRYGB and LSG 
groups respectively. Overall, both the procedures had 
similar impact on HTN. Similar results were shown 
by SM-BOSS[8]. Boza et al[6] showed 92% and 80% 
improvement in HTN with LRYGB and LSG respectively. 
In a study on Indian population, Lakadawala et al[10] 
showed 95% and 91% resolution in HTN. The possible 
mechanism for resolution of HTN would be decrease in 
the intra-abdominal pressure and Renin-Angiotension 
Aldosterone System activity after surgery[20]. 

Seventeen point five percent patients in LRYGB 
group and 50% patients in LSG group had severe 
OSA and were on CPAP therapy preoperatively. All the 
patients were off CPAP therapy with improvement in 
symptoms in post-operative period. Similar results were 
shown by other studies. Zhang et al[5] reported 82% 
and 91% resolution of OSA one year after LRYGB and 
LSG respectively. They found earlier resolution at 3-6 
mo with LRYGB as compared to LSG.

The impact of bariatric surgery on hypothyroidism 
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is less studied. Both LRYGB and LSG had significant 
impact on need of thyroxine in post-operative period. 
Eighty-one point eight percent and 57.2% patients 
showed improvement in hypothyroidism. The improve
ment was similar in the two groups. Raftopoulos et 
al[21] reported 48% remission rate with complete 
resolution in 8% in 23 patients of hypothyroidism 
undergoing LRYGB. Ruiz-Tovar et al[22] found significant 
decrease in TSH level after LSG. Another study from 
our centre showed significant decrease in requirement 
of thyroxine after LSG[23]. Gkotsina et al[24] reported 
significant improvement in pharmacokinetic parameters 
of levo-T4 absorption after LSG while these remained 
same after LRYGB. Lips et al[25] compared restrictive 
and malabsorptive procedures and concluded that 
thyroid hormone regulation is directly proportional to 
the weight loss irrespective of the bariatric procedure. 

Hypothyroidism in obese individuals is partially me
diated by increased leptin level and peripheral hor
monal resistance. Weight loss leads to decrease in 
the hormone resistance and the need of thyroxine. 
However, certain subset of patients showed no effect of 
surgery on hypothyroidism probably because of other 
factors including autoimmune thyroid disorders[23]. 

GERD is commonly associated with obesity. While 
LRYGB led to resolution of GERD in all the patients, 
LSG led to improvement in GERD in only 50% cases. 
Importantly, 8.3% developed new onset GERD. Similar 
results were reported by Lakdawala et al[10]. They 
found 100% remission in GERD post LRYGB while 
reported rise in incidence in GERD from 5% to 9% after 
LSG. SM-BOSS trial also showed significantly higher 
remission in GERD with LRYGB as compared to LSG 
and reported 12.5% new onset GERD in LSG group[8]. 
Frezza et al[26] reported significant decrease in GERD-
related symptoms over the 3-year study after LRYGB. 
Mechanisms of the anti-reflux effect of RYGB include 
promoting weight loss, lowering acid production in 
the gastric pouch, diverting bile from the Roux limb, 
rapid pouch emptying, and decreasing abdominal 
pressure over the LES[27]. The impact of LSG on GERD 
is still an unresolved issue. Multiple mechanisms have 
been proposed for the impact of LSG on GERD. The 
mechanisms for improvement of GERD after surgery 
include faster gastric emptying time, decreased gastric 
reservoir function, decrease intra-abdominal pressure, 
decreased acid production and alteration in neuro-
hormonal mileu of gastrointestinal tract. Factors 
which may lead to exacerbation or new onset GERD 
include increased intraluminal pressure, modification 
in esophago-gastric junction, partial sectioning of sling 
fibres and presence of hiatus hernia[28].

Overall both LSG and LRYGB has similar effect on 
obesity related comorbidities over two year follow-
up period, although GERD showed significantly better 
improvement with LRYGB.

The strengths of the study include well matched 
groups eliminating bias due to confounding factors and 
the standardized technique performed by same surgeon 

in all cases. The outcome of LSG in terms of weight loss 
and comorbidity resolution has been standardized. Our 
study is among the first few studies to compare the 
effect of LSG and LRYGB on thyroid disorder.

There are several limitations of this study. Retro
spective nature of the study comes with inherent 
bias. Small sample size with short-term follow up is 
another limitation. The duration of T2DM and mean 
number of OHA were higher in LRYGB group than 
in LSG group, thereby, leading to a potential bias. 
The definition of comorbidities and its resolution 
were not optimally standardized. For T2DM, HbA1c 
was not available for all patients and hence could 
not be used in criteria for remission. For HTN, self-
reporting of normal blood pressure by the patient 
was taken as remission or improvement. For OSAS, 
postoperative polysomnography was not available to 
objectively document the improvement in OSAS. For 
GERD, no objective measurement including pH-metry, 
impedance and high resolution manometry was done. 
Hyperlipidemia and cardiovascular risk factors could not 
be studied even knowing that myocardial infarction is the 
most common cause of mortality in this population. 

In conclusion, our results indicate LRYGB has better 
outcomes in terms of weight loss two years after 
surgery as compared to LSG. The impact of LRYGB and 
LSG on T2DM, HTN and OSAS was similar. However, 
LRYGB had significant resolution of GERD as compared 
to LSG. Further comparative trials with large sample 
size and long term follow-up are needed to identify the 
ideal procedure of bariatric surgery.

COMMENTS
Background
Laparoscopic sleeve gastrectomy (LSG) and laparoscopic Roux-en-Y gastric 
bypass (LRYGB) are among the most frequently performed bariatric procedures 
worldwide. Compared to LRYGB, LSG is relatively easier to perform and is 
associated with less Dumping syndrome, avoids risk of internal hernia and 
complications due to gastro-jejunostomy or jejuno-jejunostomy, decreases the 
risk of nutritional deficiencies and provides accessibility of the remnant stomach 
via endoscopy, which is important especially in Asian population. However, few 
studies have compared the effects of LRYGB and LSG in well-matched Indian 
population.

Research frontiers
Few studies have compared the outcomes of LRYGB and LSG in a well matched 
Indian obese population undergoing bariatric surgery.

Innovations and breakthroughs
This study compared 40 patients undergoing LRYGB, who completed their 2-year 
follow-up with 40 patients undergoing LSG matched for age, gender, body mass 
index and presence of type 2 diabetes mellitus (T2DM). Data of these patients 
was retrospectively reviewed to compare the outcome in terms of weight loss 
and improvement in comorbidities, i.e., T2DM, hypertension (HTN), obstructive 
sleep apnea syndrome (OSAS), hypothyroidism and gastroesophageal reflux 
disease. Using case control design , this study found similar weight loss one year 
after surgery in both the groups but the weight loss was significantly higher in 
LRYGB group two years after surgery. The complication rate was similar in both 
groups. Regarding comorbidity resolution, both LRYGB and LSG had significant 
but similar impact on obesity related comorbidities except gastroesophageal 
reflux disease where LRYGB showed better improvement. This is also among 
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the first few studies to study the impact of bariatric surgery on hypothyroidism, 
which improved significantly in both LSG and LRYGB groups.

Applications
This study compares the outcomes of LRYGB with LSG in a well-matched 
population over a period of two years follow-up. This is important in clinical 
practice as the impact of LRYGB and LSG on weight loss and obesity associated 
comorbidities is a casue of concern while selecting a particular bariatric 
procedure for a patient.

Terminology
Percentage excess weight loss (%EWL) is defined as [(Preoperative weight-
current weight/preoperative weight-ideal weight] × 100%.

Peer-review
This is a retrospective study to compare the impact of LRYGB and LSG on 
weight loss and obesity related comorbidities. This is an important issue in 
clinics.
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