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Abstract
Background  Laparoscopic Sleeve Gastrectomy (LSG) and Laparoscopic Roux-en-Y Gastric Bypass (LRYGB) are the two 
most commonly performed bariatric surgeries for the treatment of obesity. This meta-analysis was performed with 
the aim of summarizing the available evidence on weight loss, remission of comorbidities, and quality of life in LRYGB 
and LSG, complementing the current literature.

Methods  We searched PubMed, EMBASE and the Cochrane Library from January 2012 to June 2023 for randomized 
controlled trials and non-randomized interventional studies. We finally selected 18 eligible studies.

Results  LRYGB resulted in greater weight loss compared with LSG at 5 years [WMD= -7.65 kg/m², 95% confidence 
interval (CI) -11.54 to -3.76, P = 0.0001], but there exists high heterogeneity with I²=84%. Resolution rate of type 2 
diabetes mellitus (T2D) (OR = 0.60, 95%Cl 0.41–0.87, p = 0.007) and dyslipidemia (OR = 0.44, 95%Cl 0.23–0.84, p = 0.01) 
was higher in the LRYGB group than that in the LSG group at 5 years. There was no difference between LRYGB and 
LSG for remission of hypertension, and obstructive sleep apnea. No differences were observed in the QoL after LRYGB 
or LSG. Morbidity was lower in the LSG group (WMD = -0.07, 95% CI: -0.13, -0.02, P = 0.01) than in the LRYGB group. No 
statistically significant difference was found in mortality between the two procedures.

Conclusion  At 5 years after surgery, LRYGB resulted in greater weight loss and achieved better remission rate of T2D 
and dyslipidemia than LSG. However, LSG has a lower morbidity rate than that of LRYGB.
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Introduction
Obesity has become a global health issue, with nearly a 
third of the world’s population now with obesity [1]. Obe-
sity is capable of causing serious comorbidities, such as 
cardiovascular disease [2], type 2 diabetes [3], and vari-
ous cancers [4]. There are multiple forms of obesity treat-
ment, including dietary therapy, medications therapy and 
bariatric surgery [5]. However, long-term results have 
shown that bariatric surgery is the most effective man-
agement for obesity [6]. Bariatric surgery results in mas-
sive weight loss in a short period of time, and also leads 
to comorbidity remission, mortality decline and quality 
of life improvement [7].

LSG and LRYGB are the most recommended bariatric 
surgeries [8]. However, there is heated debate on the sub-
ject of which the two surgeries is more effective. LRYGB 
as a bariatric surgery was first described by Alan Witt-
grove in 1994 [9]. Nowadays, as LRYGB is exceptionally 
effective at alleviating obesity-related medical condi-
tions - including type 2 diabetes (T2D) it is one of the 
most widely adopted bariatric procedure and is known 
as one of the gold standard surgeries for people with 
obesity. While LSG is the most frequently performed 
bariatric surgery and becoming increasingly popular for 
people with obesity, some studies indicate that LRYGB 
will result in greater weight loss than LSG [10, 11], while 
others show that LSG is safer than LRYGB [12, 13] .

In recent years, many long-term follow up studies 
have been conducted on patients that underwent LSG 
and LRYGB. Given that long term results are not clear 
until 5 years post procedure, this systematic review and 
meta-analysis aims to update the comparison of LSG 
and LRYGB on weight loss, comorbidities remission and 
quality of life at 5 years after surgery.

Methods
The study protocol was written and registered on Pros-
pero (CRD42023433754) before data extraction.

Eligibility criteria
Inclusion criteria are as follows: (1) Patients included in 
the studies were older than 18 years and had severe obe-
sity (BMI > 40 kg/m2 or > 35 kg/m2 with obesity-related 
comorbidities); (2) Human studies reported in English; 
(3) At least one of the following endpoints was required: 
weight loss (expressed as %EWL), resolution rate of 
comorbidities (T2DM, dyslipidemia, hypertension, and 
obstructive sleep apnea), and quality of life; (4) Compara-
tive studies between LRYGB and LSG.

Exclusion criteria are as follows: (1) non-human stud-
ies; (2) non-laparoscopic surgery; (3) studies that did not 
compare LRYGB with LSG; (4) case series and reports, 
reviews, letters, and editorials.

Outcomes assessed
The primary outcome was weight loss at 5 years after 
bariatric surgery. Secondary outcomes were: (1) remis-
sion of comorbidities including T2D, hypertension, dys-
lipidemia and obstructive sleep apnea at 5 years after 
surgery. Studies that clearly defined the criteria for 
comorbidities remission were included in the comorbidi-
ties analysis. Specifically, T2D remission was defined as 
HbA1c < 6.5%, reduction or discontinuation of therapy. 
Hypertension was defined as decrease of blood pressure 
under same medication, reduction or discontinuation of 
therapy. The remission of dyslipidemia and obstructive 
sleep apnea was defined as reduction or discontinuation 
of therapy. 2). Quality of life changed 5 years after sur-
gery, which was measured by gastrointestinal quality of 
life index (GIQLI) at 5 years. 3). morbidity and mortality 
after surgery.

Search strategy
We searched the PubMed, EMBASE, Cochrane Library 
covering January 2012 to June 2023. The search strategy 
included key words such as ‘‘gastric bypass”, “Roux-en-Y 
Gastric Bypass”, “LRYGB”, “GB”, and “sleeve gastrectomy’’, 
“LSG”, “SG”. Two assessors independently screened the 
titles and abstracts of each study. When a relevant study 
was identified, the full text was obtained for further 
evaluation.

Data abstraction
Two reviewers independently screened the searched 
titles, abstracts, and full texts after the inclusion and 
exclusion criteria. Data was extracted independently 
by two reviewers. The data extracted from each study 
included study characteristics (author, country, year of 
publication, study type), patient demographics (average 
age, %female, sample size, average pre-surgery weight 
and post-surgery weight), type of bariatric surgery, and 
outcomes. Disputes that occurred at the title and abstract 
screening stages were resolved by a third reviewer. Dis-
crepancies that arose at the full-text or data abstrac-
tion stage were resolved through consensus discussions 
between the reviewers, or if necessary, a third reviewer 
was consulted to adjudicate disagreements.

Quality assessment
The methodological quality of the included non-random-
ized controlled trial studies was determined using the 
NOS (Newcastle–Ottawa Scale) [14] and Risk of Bias in 
Non-Randomized Studies of Interventions (ROBINS-
I) [15]. Each article was evaluated in the following three 
aspects: object selection, inter-group comparability, and 
outcome measurement. Articles with scores < 6 were con-
sidered low-quality articles. The methodological quality 
of the included randomized controlled trial (RCT) was 
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determined using Cochrane Collaboration’s tool for risk 
of bias [16]. The risk of bias in RCTs is categorized as low 
risk, unclear risk, and high risk. Disagreements between 
reviewers regarding the quality of included studies were 
resolved through consensus or by involving a third 
reviewer.

Statistical analysis
Weighted mean differences (WMD) with 95% confidence 
intervals (CI) were used to analyze continuous data, 
while odds ratios (ORs) with 95% CIs were used for the 
statistical analyses of dichotomous data. OR was calcu-
lated by the ratio of the number of remissions in the LSG 
group to the number of non-exposed people in the LSG 
group divided by the ratio of the number of remissions in 
the LRYGB group to the number of non-exposed people 
in the LRYGB group. Heterogeneity was represented by 
I² (low heterogeneity at values < 30%, moderate hetero-
geneity at values 30–50%, and high heterogeneity at val-
ues > 50%). The random-effects model was used for the 
analysis of studies with high heterogeneity, and the fixed 
effects model was used for studies with low or moderate 
heterogeneity. In addition, sensitivity analysis was per-
formed to evaluate the effect of included studies on the 
combined results for outcomes with significant heteroge-
neity. Publication bias was evaluated visually by creating 
funnel plots and Begg’s test was conducted on outcomes 
which included more than 10 studies. All statistical 
analysis and meta-analysis were performed on RevMan 
version 5.2 (The Cochrane Collaboration, The Nordic 
Cochrane Centre, Copenhagen, Denmark) and Stata 17.0 
version (Stata Corporation, College Station, TX, USA).

Results
Study characteristics
The flow diagram of our literature search is shown in 
Fig.  1. A total of 2061 articles were identified from the 
database, of which 556 studies were excluded after dupli-
cation, text screening, and discussion. 18 articles were 
included in our analysis; 8 of them are RCTs, 4 of them 
are prospective cohort studies, and 6 of them are retro-
spective cohort studies [17–34]. A total of 1776 patients 
in the LSG group and 1679 patients in the LRYGB group 
were included in the studies. The collected studies were 
conducted between 2012 and June 2023 in 13 countries, 
including Finland, France, Switzerland, The USA, Spain, 
Sweden, New Zealand, China, Venezuela, Italy, The Neth-
erlands, and Lebanon. The characteristics of the included 
studies are shown in Table 1. The methodological quality 
of the included non-RCT studies is shown in Table 2 and 
Fig. 2 and 3. The risk of bias for the RCTs is presented in 
Fig. 4.

Primary outcome: percentage excess weight loss (%EWL)
Patients in the LRYGB group had significantly greater 
weight loss than patients in the LSG group by 7.67  kg/
m² at 5 years (WMD=-7.67,95% CI -11.53 to -3.82, 
P < 0.00001; I²=84%; 1890 patients; 15 trials).

Subgroup analysis performed according to this study 
revealed that LRYGB resulted in more significant weight 
loss than LSG at 5 years in RCTs (WMD=-17.82,95% CI 
-28.25 to -7.38, P = 0.0008; I²=84%; 452 patients; 5 trials) 
(Fig.  5). The statistical heterogeneity was high (I²=84%, 
P < 0.0001), so the random-effects model was used. Fur-
thermore, a sensitivity analysis was conducted (Fig.  6). 
The heterogeneity was significantly reduced after exclud-
ing the three studies [17, 19, 20]. I² of 12 include stud-
ies and 3 RCTs were reduced from 84 to 59% and 84–0%, 
respectively (Fig. 7). Additionally, funnel plots and Begg’s 
test were performed to evaluate publication bias. A visual 
assessment of the funnel plot indicated the presence of 
slight publication bias (Fig. 8). However, Begg’s test was 
not statistically significant(p = 0.125) (Fig.  9). Another 
subgroup was performed by separating BMI into the 
30–39 subgroup and the 40–49 subgroup. It showed 
no significant difference between LRYGB and LSG in 
the BMI 30–39 subgroup (WMD=-6.41, 95% CI -12.16- 
to -0.66, P = 0.24; I²=28%; 187 patients; 2 trials) and the 
40–49 subgroup (WMD=-2.17, 95% CI -2.72- to -1.62, 
P = 0.05; I²=58%; 688 patients; 5 trials)(Fig. 10).

Secondary outcomes
Obesity-related comorbidities remission
Type 2 diabetes
Of the 18 articles, the rate of remission for T2D was 
reported by 8 trials (n = 755). Our pooled analysis showed 
that LRYGB achieved a superior rate of resolution for 
T2D remission at 5 years (OR = 0.55, 95%Cl 0.39–0.80, 
p = 0.001, I²=0%,9 trials, n = 793). Subgroup analysis of 
RCT studies revealed that at 5 years, LRYGB had a sig-
nificantly higher T2D remission rate (OR = 0.51, 95%Cl 
0.32–0.82, p = 0.005, I²=0%, 5trials, n = 362).

Hypertension
The rate of remission for hypertension was reported by 
9 trials (n = 755). There was no significant difference in 
the rate of remission for hypertension between LRYGB 
and LSG at 5 years (OR = 0.82, 95%Cl 0.58–1.15, p = 0.24, 
I²=25%, 9 trials, n = 755). In addition, pooling data from 
RCTs showed there was no significant difference in the 
rate of remission for hypertension between LRYGB and 
LSG (OR = 0.86, 95%Cl 0.56–1.33, p = 0.50, I²=36%, 5 tri-
als, n = 409).

Dyslipidemia
The rate of remission for dyslipidemia was reported by 8 
trials (n = 567), including RCTs and cohort studies. The 
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results showed that LRYGB has better remission than 
LSG after surgery at 5 years (OR = 0.44, 95%Cl 0.23–0.84, 
p = 0.01, I²=52%, 8 trials, n = 567). The statistical hetero-
geneity was high (I²=52%, P = 0.04), so the random-effects 
model was used. Furthermore, a sensitivity analysis was 

conducted (Fig.  11), which showed that LRYGB was 
superior to LSG for remission for dyslipidemia. However, 
it showed no significant difference after we exclusively 
pooled data from RCTs (OR = 0.54, 95%Cl 0.24–1.22, 
p = 0.14, I²=19%,4 trials, n = 238).

Fig. 1  Flow diagram of study selection

 



Page 5 of 16Lei et al. BMC Surgery          (2024) 24:219 

Ta
bl

e 
1 

Ch
ar

ac
te

ris
tic

s o
f i

nc
lu

de
d 

st
ud

ie
s

A
ut

ho
r (

ye
ar

)
Co

un
tr

y
St

ud
y 

ty
pe

Sa
m

pl
e 

si
ze

 
Av

er
ag

e 
ag

e(
ye

ar
s)

 
Fe

m
al

e(
%

) 
Av

er
ag

e 
pr

eo
p 

w
ei

gh
t(

kg
/m

²)
 

Av
er

ag
e 

po
st

 o
pe

ra
tiv

e 
W

ei
gh

t(
kg

/
m

²)
LS

G
LR

YG
B

LS
G

LR
YG

B
LS

G
LR

YG
B

LS
G

LR
YG

B
LS

G
LR

YG
B

Zh
an

g 
(2

01
4)

Ch
in

a
RC

T
32

32
29

.3
 ±

 9
.8

32
.2

 ±
 9

.2
62

.5
56

.2
5

N
R

N
R

N
R

N
R

ig
na

t(2
01

6)
Fr

an
ce

RC
T

55
45

35
.1

 ±
 9

.7
35

.2
 ±

 9
.4

78
.2

86
.7

12
8.

6 
±

 1
8.

3
12

9.
5 

±
 2

1.
2

N
R

N
R

Pe
te

rli
(2

01
8

Sw
itz

er
la

nd
RC

T
10

7
11

0
43

.0
 ±

 1
1

42
.1

 ±
 1

1.
2

72
71

.8
12

3.
5 

±
 1

9.
4

12
4.

8 
±

 1
9.

8
N

R
N

R
Sc

ha
ue

r(2
01

7)
U

SA
RC

T
47

49
49

 ±
 8

49
 ±

 8
66

66
10

0.
4 

±
 1

6.
8

10
6.

8 
±

 1
4.

9
81

.9
 ±

 1
5.

0
83

.4
 ±

 1
5.

3
sa

lm
in

en
 (2

01
8)

Fi
nl

an
d

RC
T

98
95

48
.5

 ±
 9

.6
48

.4
 ±

 9
.3

71
.9

67
.2

13
0.

1 
±

 2
1.

5
13

4.
9 

±
 2

2.
5

N
R

N
R

Ca
sa

jo
an

a 
(2

01
9)

Sp
ai

n
RC

T
15

15
49

.2
 ±

 9
.1

51
.0

 ±
 7

.7
66

.7
53

.3
10

2 
±

 1
0.

8
10

3 
±

 1
0.

8
84

.4
 ±

 1
7.

0
74

.7
 ±

 9
.9

La
ur

en
iu

s(
20

22
)

Sw
ed

en
RC

T
15

23
47

 ±
 1

1
49

 ±
 9

46
50

11
8.

9 
±

 1
9.

6
11

9.
3 

±
 1

5.
2

10
1.

1 
±

 1
6.

1
91

.9
 ±

 1
2.

8
M

ur
ph

y(
20

22
)

N
ew

 Z
ea

la
nd

RC
T

58
56

45
.5

 ±
 6

.4
46

.6
 ±

 6
.7

45
59

12
6.

7 
±

 2
4.

5
12

3.
4 

±
 2

1.
3

10
3.

3 
±

 1
6.

8
89

.8
 ±

 1
8.

1
Le

yb
a 

(2
01

4)
Ve

ne
zu

el
a

Pr
os

pe
ct

iv
e 

co
ho

rt
27

47
34

.6
 ±

 9
.2

38
 ±

 9
.9

83
.3

80
N

R
N

R
N

R
N

R
le

e(
20

15
)

Ch
in

a 
Ta

i W
an

Pr
os

pe
ct

iv
e 

co
ho

rt
11

6
21

8
36

.0
 ±

 9
.1

36
.1

 ±
 9

.3
74

.6
73

N
R

N
R

N
R

N
R

Pe
rro

ne
 (2

01
6)

Ita
ly

Pr
os

pe
ct

iv
e 

co
ho

rt
16

2
14

2
41

.8
 ±

 4
.6

43
.8

 ±
 4

.6
60

.5
78

.9
N

R
N

R
N

R
N

R
D

og
an

(2
01

6)
Th

e 
N

et
he

rla
nd

s
Re

tr
os

pe
ct

iv
e 

co
ho

rt
24

5
24

5
39

.7
 ±

 1
0.

0
41

.2
 ±

 9
.7

82
82

N
R

N
R

N
R

N
R

Ar
id

i 2
01

8
Le

ba
no

n
Re

tr
os

pe
ct

iv
e 

co
ho

rt
40

0
17

5
36

.4
 ±

 1
2.

7
41

.9
 ±

 1
0.

3
60

46
.3

12
0.

1 
±

 2
3.

8
13

0.
3 

±
 2

7.
0

N
R

N
R

Ca
st

ro
 2

02
0

Sp
ai

n
Re

tr
os

pe
ct

iv
e 

co
ho

rt
83

15
2

43
.5

 ±
 1

0.
2

44
.1

 ±
 1

1.
6

75
.9

78
.9

11
7.

4 
±

 2
5.

4
11

5.
1 

±
 2

4.
1

N
R

N
R

Ca
lv

o(
20

20
)

Sp
ai

n
Re

tr
os

pe
ct

iv
e 

co
ho

rt
10

4
12

2
44

.3
 ±

 9
.9

42
.1

 ±
 1

0.
0

67
.3

77
.4

N
R

N
R

N
R

N
R

Le
ve

l(2
02

1)
Ve

ne
zu

el
a

Pr
os

pe
ct

iv
e 

co
ho

rt
63

70
38

 ±
 1

1
36

 ±
 8

77
.8

87
.1

N
R

N
R

N
R

N
R

So
on

g(
20

21
)

Ch
in

a 
Ta

i W
an

Re
tr

os
pe

ct
iv

e 
co

ho
rt

99
32

33
.0

 ±
 1

0.
0

30
.5

 ±
 9

.6
34

.7
51

.6
N

R
N

R
N

R
N

R
Be

llu
zz

i(2
02

3)
U

SA
Re

tr
os

pe
ct

iv
e 

co
ho

rt
62

41
72

.2
 ±

 2
.2

72
.1

 ±
 2

.7
70

.7
67

.7
N

R
N

R
N

R
N

R



Page 6 of 16Lei et al. BMC Surgery          (2024) 24:219 

Obstructive sleep apnea
The rate of remission for obstructive sleep apnea was 
reported by 4 trials (n = 219). LRYGB is better than LSG 
in obstructive sleep apnea remission at 5 years (OR = 0.46, 
95%Cl 0.21–0.98, p = 0.04, I²=0%,4 trials, n = 219).

Quality of life
There was no significant difference between the two types 
of surgeries after 5 years in quality of life, which was mea-
sured by the GIQLI [35] (RR=-1.59, 95% CI -6.18– 3.00, 
P = 0.50) (Fig. 12). The statistical heterogeneity was high 
(I²=59%, P = 0.09). Thus, a sensitivity analysis was con-
ducted, which showed the rationality and reliability of 
our results. (Fig. 13)

Morbidity and Mortality
The results showed that the LSG group has a lower mor-
bidity rate than the LRYGB group (WMD=-0.07, 95% 
CI: -0.13, -0.02, P = 0.01, I² = 80%, 13 studies, n = 2695) 
(Fig.  14). No statistically significant difference in mor-
tality was found between the LSG and LRYGB groups.
（Fig. 15)

Discussion
Nowadays, obesity has become a global burden. The 
WHO released a report on obesity pandemic in Europe 
in May 2022, stating that 60% of citizens in Europe are 
with obesity [36]. The prevalence of obesity may be even 
higher in the future. A study from Wald et al. shows that 
the national prevalence of adult obesity and severe obe-
sity will rise to 48.9% by 2030 in United States [37]. Bar-
iatric surgery is an excellent strategy to treat obesity, as 
it results in long-term weight loss in people with severe 
obesity, improves metabolic syndrome and alleviates 
obesity-related diseases, and decreases future overall 
cancer incidence and mortality [38].

LRYGB and LSG are both commonly adopted bariatric 
surgery methods. Compared with LRYGB, LSG is much 
simpler in terms of technical complexity, with a signifi-
cantly shorter operative time, and a notable reduction 
in major complications within 30 days postoperatively 
[39]. However, LSG may entail more risks compared to 
LRYGB, such as gastroesophageal reflux [40]and gastric 
stenosis [41]. While LRYGB is technically demanding 
[13], some studies have suggested that LRYGB is more 
effective for weight loss than LSG [10, 42].

Table 2  Quality of assessment of included studies measured by Newcastle–Ottawa scale
Author Selection Comparability of 

cases and Controls 
on Bias of Design of 
Analysis

Outcome Score
Ad-
equate case 
defination

Represen-
tative of 
cases

Selec-
tion of 
controls

Defina-
tions of 
controls

Ascertain-
ment of 
exposure

same method of 
ascertainment 
for cases and 
controls

Non-re-
sponse 
rate

Leyba et al. ⭐ ⭐ ⭐ ⭐ ⭐⭐ ⭐ ⭐ ⭐ 9
Lee et al. ⭐ ⭐ ⭐ ⭐ ⭐⭐ ⭐ ⭐ — 8
Perrone et al. ⭐ ⭐ ⭐ ⭐ ⭐⭐ ⭐ ⭐ ⭐ 9
Dogan et al. ⭐ ⭐ ⭐ ⭐ ⭐ ⭐ ⭐ — 7
Aridi et al. ⭐ ⭐ ⭐ ⭐ ⭐ ⭐ ⭐ — 7
Castro et al. ⭐ ⭐ ⭐ ⭐ ⭐⭐ ⭐ ⭐ — 8
Calvo et al. ⭐ ⭐ ⭐ ⭐ ⭐⭐ ⭐ ⭐ — 8
Level et al. ⭐ ⭐ ⭐ ⭐ ⭐ ⭐ ⭐ — 7
Soong et al. ⭐ ⭐ ⭐ ⭐ ⭐⭐ ⭐ ⭐ — 8
Belluzzi et al. ⭐ ⭐ ⭐ ⭐ ⭐⭐ ⭐ ⭐ — 8

Fig. 2  Risk of bias graph of non-RCT studies

 



Page 7 of 16Lei et al. BMC Surgery          (2024) 24:219 

In this study, we found that LRYGB exhibited better 
weight loss outcomes than LSG at 5 years after surgery. 
Some studies have explored the effects of LRYGB com-
pared with LSG using %EWL, indicating that LRYGB 
tends to result in more substantial weight loss outcomes 
after 5 years during their follow-up [42, 43]. Our results 
are consistent with these findings. However, another 
meta-analysis by Zhao et al. indicated that both LRYGB 
and LSG are equivalent for excess weight loss, possibly 
due to the limited availability of long-term follow-up 
data, with only 3 studies providing data at 5 years [44]. 
In our analysis, we included a total of 15 studies with 
1890 patients, which provided 5 years of follow-up data 
on percentage excess weight loss for patients who under-
went LRYGB and LSG. Notably, our study included more 
patients with follow-up after 5 years than Zhao’s study. 

Furthermore, the results from 5 RCTs support our find-
ings. We observed that the results exhibit high hetero-
geneity with I²=84%. The variation in baseline patient 
weights among the included studies may contribute to 
this heterogeneity. After conducting a subgroup analy-
sis, we still find high heterogeneity with I²=84%. There-
fore, we performed a sensitivity analysis and excluded 
the studies which lead to the most heterogeneity. The 
result still supports the primary result that LRYGB 
resulted in greater weight loss compared with LSG at 5 
years. Nevertheless, it’s important to note that the long-
term superiority of LRYGB over LSG remains uncertain. 
Some studies have suggested comparable weight loss 
outcomes between the two procedures at longer follow-
up intervals, such as 7 or 10 years post-surgery [10, 11]. 
Therefore, while LRYGB may offer advantages in weight 

Fig. 3  Risk of bias summary of non-RCT studies
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loss at 5 years, further research is needed to confirm its 
sustained efficacy beyond this timeframe. Additionally, 
we performed another subgroup analysis by separating 
BMI into the 30–39 subgroup and the 40–49 subgroup, 
which showed no significant difference between LRYGB 
and LSG in the two subgroups. However, the number of 

included articles in this subgroup is limited. Therefore, 
further research is needed to confirm which procedure is 
better according to different BMI.

In this study, we found that LRYGB is superior in T2D 
remission at 5 years after surgery. Our findings are con-
sistent with recent studies, which indicate that LRYGB 

Fig. 5  Forest plot of % EWL at 5 years

 

Fig. 4  Risk of bias assessment using Cochrane Collaboration’s tool
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has better efficiency in T2D remission [42]. Our study 
increased sample size, which may reduce potential bias. 
Both procedures restrict caloric intake by reducing the 
size of the stomach, but LRYGB -by bypassing the duode-
num - also causes changes in gastrointestinal hormones 
[45] and gut microbiota [46] that may enhance diabetes 
remission. Lee et al. conducted a meta-analysis which 
showed that there was no significant difference between 
LRYGB and LSG in T2D remission [47], However, only 
four studies and 351 patients were included in Lee’s study. 
In our study, we included a total of 793 patients and 9 
studies - including 5 RCTs - when comparing LRYGB 
with LSG in T2D remission. Our results provide updated 
information on the impact of LRYGB and LSG on T2D 
remission. Further studies are still needed to explore the 
efficiency and long-term results of LRYGB and LSG.

We have found that the remission rate of dyslipid-
emia was significantly higher in LRYGB at 5 years after 
surgery. Our findings are consistent with recent studies, 
which indicated that LRYGB may be superior to LSG in 
dyslipidemia remission [48, 49]. Han’s study provided evi-
dence that LRYGB was superior to LSG in dyslipidemia 
remission 3 years after bariatric surgery [48]. Li’s study 
showed that dyslipidemia was significantly more resolved 

in the LRYGB group than in the LSG group postopera-
tively, but they did not specify a particular time frame 
[49]. This could lead to potential bias, as the remission 
rate of dyslipidemia varies at different time points [48]. 
Our findings provide a long-term evaluation of the effec-
tiveness of LRYGB and LSG in the treatment of dyslip-
idemia. Therefore, LRYGB is a reasonable choice for 
patients with dyslipidemia undergoing bariatric surgery.

We also found that there was no significant difference 
in hypertension at 5 years after surgery. Our result is con-
sistent with an RCT conducted by Zhang [24]. However, 
a meta-analysis by Hu et al. showed that LRYGB exhib-
ited a significantly superior long-term (> 5 years) prog-
nosis for hypertension after surgery compared to LSG, 
including 4 studies with 322 patients [42]. The result is 
not consistent with our findings in this study. One pos-
sible explanation is that our study included 9 studies (4 
cohort studies and 5 RCTs) with 755 patients, which is a 
larger sample size than previous studies. Further research 
is still needed on the alleviating effects of weight loss sur-
gery on hypertension.

The findings showed that LRYGB is better than LSG in 
obstructive sleep apnea remission. One study indicated a 
trend towards improved resolution of obstructive sleep 

Fig. 6  Sensitivity analysis of %EWL
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Fig. 8  Funnel plot of %EWL at 5 years

 

Fig. 7  After excluding the three studies
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Fig. 10  A subgroup by separating BMI into 30–39 subgroup and 40–49 subgroup

 

Fig. 9  Begg’s test of %EWL at 5 years
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apnea with LSG at 12 months follow-up [50]. However, 
some studies showed that the two procedures have equal 
remission rates regarding obstructive sleep apnea, which 
is inconsistent with our study [51, 52]. Further research is 
needed to confirm the efficacy and long-term outcomes 
between the two procedures in obstructive sleep apnea.

Our research results show that there is no signifi-
cant difference in the quality of life 5 years after surgery 
between LRYGB and LSG. These results are based on 
evaluations using the GIQLI questionnaire. Our find-
ings are consistent with previous studies [42, 52], which 
also utilized the GIQLI and M-A-Q II (The Moorehead-
Ardelt quality of life questionnaire II) for the evaluation 

of quality of life. However, Nickel’s research found that 
the total GIQLI score of LSG was significantly higher 
than that of LRYGB within six months after surgery [53]. 
Further analysis is still needed to explore the impact of 
different bariatric surgeries on quality of life.

In this study, the findings showed that LSG has a lower 
risk of morbidity than LRYGB. Our results were in accor-
dance with other studies [11, 54]. In Fridman’s study, the 
morbidity rate was 24.0% in the LSG group, compared 
to 28.6% in the LRYGB group [11]. However, Zellmer’s 
study showed that LRYGB has a lower leak rate than 
LSG [55]. In Hutter’s study, it was shown that LSG has 
higher rates of organ space infection, renal insufficiency 

Fig. 12  Quality of life at 5 years

 

Fig. 11  Sensitivity analysis of dyslipidemia
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and sepsis than LRYGB [56]. In terms of mortality, our 
result showed no significant difference between the two 
procedures. Kumar’s study showed that LSG resulted in 
lower mortality than LRYGB [12]. However, Thereaux’s 

study showed that LRYGB has lower mortality than LSG 
[57] Further studies are still needed to explore the differ-
ences in morbidity and mortality rates between the two 
procedures (Fig. 15).

Fig. 14  Forest plot of morbidity

 

Fig. 13  Sensitivity analysis of quality of life
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Two included studies reported the revision rates after 
LSG and LRYGB with varying results when compared to 
each other [29, 33]. In Soong’s study [33], 190 patients 
underwent LSG and 62 underwent LRYGB. Five patients 
(2.6%) required revisional surgery after LSG, while five 
patients (8.1%) required revisional surgery after LRYGB. 
In Calvo’s study [28], 165 patients underwent LSG and 
164 underwent LRYGB, with 13 patients (8.0%) requiring 
revisional surgery after LSG and 6 patients (3.6%) after 
LRYGB. A large retrospective database study including 
349,411 bariatric procedures reported a revision rate 
of 0.8% in 136,483 primary LSG patients and 0.21% in 
111,595 primary LRYGB patients [56]. Benjamin Clapp 
conducted a retrospective study using the MBSAQIP 
database, reporting a revision rate of 4.63% in 330,437 
LSG procedures and 8.21% in 132,759 LRYGB proce-
dures [58]. Further studies are needed to compare the 
revision rates of LSG with those of LRYGB.

Our study had several limitations. First, although 18 
studies were included in our study, only three studies 
compared the impact of LRYGB with LSG on obstruc-
tive sleep apnea remission and quality of life. The small 
sample size may have impacted the results. Second, the 
included studies varied in methodologies, patient popu-
lations, and follow-up rates. Particularly, the follow-
up rates at 5 years and beyond varied significantly. This 
variation might increase the heterogeneity of this study. 
Third, the meta-analysis incorporated studies with vary-
ing methodologies, varying patient populations and dif-
ferent follow-up rates after 5 years, which may have 
contributed to substantial heterogeneity in the results. 
Differences in preoperative patient characteristics and 
postoperative management protocols across studies 
could have influenced the assessed outcomes, posing 
challenges in data synthesis and interpretation. Fourth, 
variations in patient demographics, such as age, gender 
distribution, baseline BMI, and presence of comorbidi-
ties, among the included studies, may have introduced 
bias. Additionally, the meta-analysis included both ran-
domized controlled trials (RCTs) and non-randomized 
interventional studies, which may have introduced selec-
tion bias and confounded the results. Non-randomized 

studies are prone to inherent methodological limitations, 
such as allocation bias and lack of control for potential 
confounders, which could compromise the validity and 
reliability of the findings. Fifth, dichotomous data used 
to evaluate resolution of T2D may influence the results. 
Additionally, some studies use the criteria of medication 
requirement to evaluate T2D remission, while others use 
values of HbA1c with different cutoffs. The different defi-
nition of T2D remission in studies may lead to potential 
bias.

Conclusions
LRYGB resulted in greater weight loss and achieved bet-
ter remission in T2D and dyslipidemia when compared 
with LSG at 5 years after surgery, while LSG has a lower 
morbidity rate than that of LRYGB. However, more rig-
orous studies are needed to determine the relative long-
term efficacy of different types of bariatric surgeries.
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