
Vol.:(0123456789)

Obesity Surgery (2025) 35:1253–1264 
https://doi.org/10.1007/s11695-024-07664-w

RESEARCH

Sleeve Gastrectomy in Patients with Type 2 Diabetes: Anthropometric 
and Cardiometabolic Improvements at 1, 3, 5, 7, and 9 years—Are 
the Initial Benefits Sustained?

Wahiba Elhag1,2 · Isra Elgenaied1 · Merilyn Lock3 · Walid El Ansari4

Received: 14 October 2024 / Revised: 20 December 2024 / Accepted: 28 December 2024 / Published online: 14 March 2025 
© The Author(s) 2025

Abstract
Background  No previous study assessed the outcomes of sleeve gastrectomy (SG) beyond 5 years among adult patients with 
type 2 diabetes (T2DM). We appraised the evolution of 20 outcomes at 1, 3, 5, 7, and 9 years.
Methods  This is a retrospective study of 361 consecutive T2DM patients who underwent SG at our institution (April 2011–
December 2015). Postoperative data were compared to baseline and to previous time points using paired t tests. Diabetes 
status was also assessed at each time point.
Results  The sample consisted of 65.37% females. The mean preoperative age was 44.38 ± 9.50 years and body mass index 
(BMI) was 43.81 ± 6.98 kg/m2. Generally, most improvements occurred in the first year and were sustained on the long term. 
Postoperatively, there was a significant and sustained weight reduction, amounting to a mean decrease of 9 kg/m2 in BMI at 
year 9 and associated excess weight loss between 59%year 1 and 46%year 9. Fasting blood glucose decreased significantly across 
the five time points, from 9.27 ± 4.11preop to 7.06 ± 2.70 year 9 mmol/L. Mean HbA1c significantly decreased from 8.1%preop to 
6.77%year 9. The prevalence of complete remission of T2DM was 20.45%, 19.44%, and 20% at 5, 7, and 9 years respectively, 
with significant reductions in percentages of patients using diabetes medications or insulin. Between 10% and 23% of patients 
experienced relapse of T2DM by 5–9 years. In comparison to baseline levels, mean blood pressure, triglycerides, high-density 
lipoprotein, low-density lipoprotein, total cholesterol, and hepatic enzymes levels all showed improvement in the long term.
Conclusion  Patients with T2DM experienced substantial improvements in most anthropometric and cardiometabolic out-
comes within the first year, and these were sustained in the long term.

Keywords  Sleeve gastrectomy · Long-term outcomes · Type 2 diabetes remission · Diabetes recurrence · Weight regain

Introduction

Obesity is associated with an increased risk of type 2 diabe-
tes (T2DM), with trends in the prevalence and incidence of 
obesity closely mirroring those of T2DM [1]. Most patients 
with T2DM also suffer from obesity; hence, both conditions 
represent global clinical and public health challenges [2, 3]. 
Metabolic and bariatric and surgery (MBS) is effective for 
managing such patients [4, 5], achieving good glycemic and 
metabolic control [6].

A particularly popular MBS worldwide is sleeve gastrec-
tomy (SG) [7], offering a variety of advantages including 
the apparent simplicity of the procedure, promising weight 
loss, glycemic and metabolic improvements, as well as other 
advantages [5, 8–10]. However, assessments of the durabil-
ity of the improvements after SG in such patients are criti-
cal, to provide evidence about whether the initial benefits 
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accrued are sustainable. To our knowledge, very few studies 
have evaluated the long-term maintenance of clinical out-
comes after SG.

Indeed, few dedicated studies have appraised the effects 
of SG among patients with T2DM [11–15]. In addition, 
these studies have often been limited by small sample sizes 
[11, 13, 16], restricted follow up durations of up to 5 years 
[11, 13–16], non-reporting of outcomes at each time point 
throughout the study period [12, 14, 16], a lack of considera-
tion of changes in diabetes status (complete/partial remis-
sion, improvement, unchanged, relapse) [11, 14, 16], and 
lack of appraisal of the wide range of metabolic factors to 
including lipid profiles and liver enzymes [11, 13–16].

Therefore, the aim of the current study was to assess the 
long-term evolution of 20 characteristics at 1, 3, 5, 7, and 
9 years after SG among adults with T2DM. The specific 
objectives were to appraise changes in anthropometric, clini-
cal, glycemic, lipid, and hepatic characteristics at these five 
time points, compared to preoperative values. The study also 
assessed changes in diabetes status at each of these time 
points.

Materials and Methods

Study Design, Ethics, and Participants

The ethics committee at the Medical Research Center at 
our institution approved this retrospective study (Protocol 
No. 16169/16). We included all consecutive patients who 
underwent SG between April 2011 and December 2015 at 
the MBS Centre at our institution. Inclusion criteria were 
patients aged 18–65 years with T2DM and a body mass 
index (BMI) ≥ 35 kg/m2. Exclusion criteria included patients 
with type 1 diabetes, those who underwent revisional SG, 

who became pregnant during the study period, or who were 
on steroids (e.g., renal transplant patients). Figure 1 shows 
the flow chart of the 361 patients included in the final analy-
sis. As many patients are not “permanently” lost to follow-
up, i.e., might miss specific appointments but show up again 
for subsequent scheduled visits, the tables depicted in the 
results section report the number of patients included in each 
analysis based on the variable and time point analyzed.

Data Collection

Using the hospital databases, patients’ electronic records 
were searched at the preoperative (preop) time point as well 
as at 1, 3, 5, 7, and 9 years after SG. We retrieved data that 
included two demographic (age, sex), two anthropometric 
(weight, height), four clinical [systolic/diastolic blood pres-
sure (SBP, DBP), number of patients on diabetes medica-
tions, type of diabetes medication/s, number of patients on 
insulin therapy], five glycemic [fasting blood glucose (FBG), 
hemoglobin A1c (HbA1c), insulin level, C-peptide] and six 
lipid and hepatic [low density lipoprotein (LDL), high den-
sity lipoprotein (HDL), total cholesterol (TC), triglyceride 
(TG), alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST)] variables.

Definitions

Weight regain was defined as an increase in body mass 
of ≥ 10 kg from nadir weight, and nadir weight was defined 
as lowest measured post-operative body weight [17, 18]. We 
used the standardized American Society of Bariatric and 
Metabolic Surgery definitions of evolution of T2DM after 
MBS (complete/partial remission, improvement, unchanged, 
relapse) [19], in line with previous studies [4, 5].

Fig. 1   Patient flow chart. 
T2DM type 2 diabetes mellitus; 
SG sleeve gastrectomy
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Data Processing and Statistical Analysis

BMI and insulin resistance [homeostasis model assessment 
of insulin resistance (HOMA-IR)] were calculated using 
methods described previously [20, 21]. Percentage of excess 
weight lost (EWL%) and total weight lost (TWL%) were 
calculated using standard formulae [19]. Weight regain and 
nadir weight were identified using the logic test function in 
Microsoft Excel.

All statistical analyses were undertaken in SPSS (version 
29.0, IBM Corp.). Descriptive statistics for continuous vari-
ables were presented as means and standard deviations, and 
those for categorical variables were presented as frequency 
of cases and percentage of the whole sample at baseline 
(preop). Changes in all variables were tested against pre-
surgical values using paired-samples t tests of the patients 
who had available measures at both time points.

Descriptive data from the paired-samples t tests were 
presented in tables for each post-operative time point. In 
cases where outcomes substantially deviated from a normal 
distribution, data were presented as median with 25th and 
75th percentiles and were statistically tested against baseline 
using Wilcoxon signed-rank tests. Differences in all change 
variables (i.e., the prevalence of weight regain, EWL%, and 
TWL%) were calculated from the earliest possible time point 
and statistically tested relative to the time point immediately 
prior. The significance level for all statistical tests was set 
at P = 0.05.

Results

Preoperative Characteristics

The sample’s mean age was 44.38 ± 9.50 years, with roughly 
two-thirds females (65.37%) (Table 1). Preoperatively, asso-
ciated medical conditions included hypertension and dys-
lipidemia (51.86% and 44.80% respectively). Mean T2DM 
duration was 8.78 ± 7.08 years, and 63.8% of patients had 
diabetes for ≥ 5 years. Across the sample, 57.06% were 
receiving diabetic medication/s, 27.25% were on insulin 
therapy, and 22.32% were on both.

Anthropometric, Clinical, Glycemic, Lipid, 
and Hepatic Changes Across Time

Table 2 shows the short-, mid-, and long-term anthropomet-
ric, clinical, glycemic, lipid, and hepatic changes. Across 
all five time points, weight and BMI were consistently 
and significantly lower than their preop values (p < 0.001 
for all time points), reflected by EWL% ranging between 

45.80 ± 20.57 and 59.34 ± 26.03%. Weight regain started at 
year 3, with an increasing prevalence between 10.6% and 
29.9% across the four time points (Fig. 2).

Weight and BMI showed significant reduction at 
each time point when compared to baseline measure-
ments  (Fig. 3 A and B). SBP and DBP decreased sig-
nificantly compared to baseline, the former across three 
time points (years 1–5), the latter across four time points 
(years 1–7) (Table 2), and their long-term changes (Δ) are 
depicted in Fig. 3 C and D.

Table  2 also shows that FBG and HbA1c improve-
ments occurred in the first year and were sustained there-
after. Mean FBG was significantly reduced relative to 
baseline, across the five time points from 9.27 ± 4.11preop to 
7.06 ± 2.70 year 9 mmol/l. HbA1c significantly improved from 
8.1% preop to its lowest level of 6.4%year 1, to reach 6.8% at 
year 9. Insulin level and C-peptide both decreased compared 
to preop levels, although reduction of the former was signifi-
cant only at year 5 and the latter only at year 3.

Table 2 further depicts that TGs were significantly 
lower than baseline at all post-surgical time points, whilst 

Table 1   Pre-operative characteristics of the sample

Cell values represent frequency (percent) unless otherwise 
stated,  M mean, SD standard deviation, GLP 1 glucagon-like pep-
tide 1.  aPercentages do not add to 100% due to patients using one 
or more medication/s, or not taking any medication at all,  bIncludes 
biguanides

Characteristic Value

Age (years, M ± SD) 44.38 ± 9.50
Height (meter, M ± SD) 1.64 ± 0.10
Sex
 Female 236 (65.37)
 Male 125 (34.63)
Hypertension 181 (51.86)
Dyslipidemia 155 (44.80)
Diabetes duration (years, M ± SD) 8.78 ± 7.08
  < 5 79 (36.2)
  ≥5 139 (63.8)
Treatment modalitya N (%)
 Insulin therapy 94 (27.25)
 Diabetes medication/s 206 (57.06)
 Diabetes medication + insulin 77 (22.32)

Type of diabetes medicationa

 GLP-1 receptor agonists 68 (19.10)
 Insulin sensitizersb 150 (41.55)
 Sulfonylureas 89 (25.72)
HbA1c N (%)
 ≤ 6.5 86 (24.50)
 > 6.5–8 105 (29.91)
 > 8–9 54 (15.38)
 > 9 106 (30.20)



1256	 Obesity Surgery (2025) 35:1253–1264

Ta
bl

e 
2  

P
at

ie
nt

 c
ha

ra
ct

er
ist

ic
s a

cr
os

s t
he

 st
ud

y 
pe

rio
d

Va
ria

bl
e

Pr
e-

op
Ye

ar
 1

Ye
ar

 3
Ye

ar
 5

Ye
ar

 7
Ye

ar
 9

A
nt

hr
op

om
et

ric
 W

ei
gh

t (
kg

)
M

 ±
 S

D
11

7.
41

 ±
 21

.0
7

87
.2

6 ±
 16

.0
4

90
.3

9 ±
 17

.2
5

92
.1

6 ±
 17

.5
8

97
.9

6 ±
 20

.1
4

98
.0

6 ±
 17

.1
2

n
36

1
25

7
31

1
31

4
93

33
P

—
 <

 0.
00

1
 <

 0.
00

1
0.

00
1

 <
 0.

00
1

 <
 0.

00
1

 B
M

I (
kg

/m
2 )

M
 ±

 S
D

43
.8

1 ±
 6.

98
33

.0
6 ±

 6.
17

34
.0

2 ±
 6.

35
43

.9
1 ±

 7.
03

36
.0

6 ±
 6.

47
35

.7
5 ±

 5.
81

n
36

1
25

7
31

1
31

4
93

33
P

—
 <

 0.
00

1
 <

 0.
00

1
 <

 0.
00

1
 <

 0.
00

1
 <

 0.
00

1
 E

W
L%

M
 ±

 S
D

—
59

.3
4 ±

 26
.0

3
54

.1
0 ±

 26
.3

2
49

.7
0 ±

 26
.4

6
45

.8
0 ±

 20
.5

7
45

.8
3 ±

 20
.7

4
n

36
1

25
7

24
8

27
9

77
28

P
—

—
0.

00
1

 <
 0.

00
1

0.
24

4
0.

61
6

 T
W

L%
M

 ±
 S

D
—

23
.7

3 ±
 9.

67
21

.6
7 ±

 10
.2

7
20

.2
1 ±

 10
.6

4
19

.2
6 ±

 9.
04

19
.6

7 ±
 9.

04
n

—
25

7
24

8
27

9
77

28
P

—
—

 <
 0.

00
1

 <
 0.

00
1

0.
15

3
0.

37
3

C
lin

ic
al

 S
B

P 
(m

m
H

g)
M

 ±
 S

D
13

1.
99

 ±
 13

.8
4

12
5.

22
 ±

 13
.6

0
12

4.
45

 ±
 16

.0
4

12
4.

22
 ±

 14
.3

2
12

7.
24

 ±
 17

.7
2

12
7.

94
 ±

 27
.2

5
n

25
8

18
8

23
1

24
3

67
17

P
—

 <
 0.

00
1

 <
 0.

00
1

 <
 0.

00
1

0.
09

9
0.

68
6

 D
B

P 
(m

m
H

g)
M

 ±
 S

D
77

.0
1 ±

 10
.4

8
73

.9
3 ±

 9.
75

74
.6

8 ±
 9.

86
73

.9
8 ±

 9.
83

73
.7

1 ±
 10

.5
3

77
.8

2 ±
 12

.1
0

n
25

7
18

8
23

1
24

2
66

17
P

—
0.

00
1

0.
01

0
 <

 0.
00

1
0.

04
3

0.
92

7
G

ly
ce

m
ic

 F
B

G
 (m

m
ol

/l)
M

 ±
 S

D
9.

27
 ±

 4.
11

6.
03

 ±
 1.

96
6.

78
 ±

 3.
07

6.
89

 ±
 2.

82
6.

98
 ±

 3.
06

7.
06

 ±
 2.

70
n

33
7

29
0

26
0

26
0

82
23

P
—

 <
 0.

00
1

 <
 0.

00
1

 <
 0.

00
1

 <
 0.

00
1

0.
00

6
 H

bA
1c

 (%
)

M
 ±

 S
D

8.
14

 ±
 1.

93
6.

38
 ±

 1.
37

6.
62

 ±
 1.

70
6.

86
 ±

 1.
70

6.
63

 ±
 1.

44
6.

77
 ±

 1.
29

n
35

1
29

1
27

6
28

3
91

28
P

—
 <

 0.
00

1
 <

 0.
00

1
 <

 0.
00

1
 <

 0.
00

1
 <

 0.
00

1
 In

su
lin

 le
ve

l (
μ/

dl
)

M
 ±

 S
D

18
.3

9 ±
 14

.9
8

12
.9

6 ±
 8.

27
14

.5
9 ±

 5.
80

12
.5

6 ±
 12

.1
2

13
.8

8 ±
 12

.0
2

12
.9

7 ±
 3.

17
n

70
11

8
7

12
3

P
—

0.
15

1
0.

23
8

0.
01

6
U

TC
​

U
TC

​
 C

-P
ep

tid
e 

(n
g/

dl
)

M
 ±

 S
D

3.
19

 ±
 1.

92
2.

29
 ±

 1.
39

2.
18

 ±
 0.

93
3.

20
 ±

 1.
29

2.
25

 ±
 1.

21
2.

29
 ±

 0.
37

n
17

6
42

25
16

14
4

P
—

0.
07

5
0.

02
7

0.
53

6
U

TC
​

U
TC

​
 H

O
M

A
-I

R
M

 ±
 S

D
6.

75
 ±

 5.
20

5.
14

 ±
 5.

12
4.

42
 ±

 2.
47

4.
45

 ±
 3.

12
4.

36
 ±

 3.
00

3.
91

 ±
 1.

56
n

67
9

8
5

10
12

P
—

0.
19

4
0.

43
3

0.
15

9
U

TC
​

U
TC

​



1257Obesity Surgery (2025) 35:1253–1264	

Ta
bl

e 
2  

(c
on

tin
ue

d)

Va
ria

bl
e

Pr
e-

op
Ye

ar
 1

Ye
ar

 3
Ye

ar
 5

Ye
ar

 7
Ye

ar
 9

Li
pi

d
 L

D
L 

(m
m

ol
/l)

M
 ±

 S
D

3.
07

 ±
 1.

67
3.

23
 ±

 1.
14

2.
94

 ±
 0.

98
2.

80
 ±

 0.
95

2.
83

 ±
 1.

16
2.

77
 ±

 1.
08

n
30

8
23

2
22

0
21

6
61

23
P

—
0.

03
1

0.
76

1
0.

01
1

0.
41

6
0.

22
0

 H
D

L 
(m

m
ol

/l)
M

 ±
 S

D
1.

16
 ±

 0.
32

1.
34

 ±
 0.

35
1.

41
 ±

 0.
37

1.
41

 ±
 0.

36
1.

42
 ±

 0.
39

1.
35

 ±
 0.

37
n

30
2

22
6

21
5

21
1

55
21

P
—

 <
 0.

00
1

 <
 0.

00
1

 <
 0.

00
1

 <
 0.

00
1

0.
24

5
 T

C
 (m

m
ol

/l)
M

 ±
 S

D
4.

98
 ±

 1.
05

5.
13

 ±
 0.

98
4.

96
 ±

 1.
26

4.
82

 ±
 1.

05
4.

93
 ±

 1.
24

4.
72

 ±
 1.

16
n

31
4

24
0

22
8

22
3

64
24

P
—

0.
00

8
0.

45
0

0.
02

4
0.

64
1

0.
05

0
 T

G
 (m

m
ol

/l)
M

 ±
 S

D
2.

02
 ±

 1.
59

1.
30

 ±
 0.

64
1.

33
 ±

 0.
80

1.
33

 ±
 0.

71
1.

39
 ±

 0.
75

1.
43

 ±
 0.

71
n

30
6

23
3

21
9

21
3

55
21

P
—

 <
 0.

00
1

 <
 0.

00
1

 <
 0.

00
1

 <
 0.

00
1

0.
04

7
H

ep
at

ic
 A

LT
 (U

/L
)

M
 ±

 S
D

35
.5

6 ±
 27

.3
3

17
.0

3 ±
 10

.9
0

17
.7

7 ±
 15

.3
6

19
.7

1 ±
 21

.3
4

19
.8

4 ±
 13

.0
4

17
.4

5 ±
 6.

32
n

29
4

21
7

21
8

21
5

60
18

P
—

 <
 0.

00
1

 <
 0.

00
1

 <
 0.

00
1

 <
 0.

00
1

 <
 0.

00
1

 A
ST

 (U
/L

)
M

 ±
 S

D
27

.8
1 ±

 18
.7

3
17

.2
9 ±

 7.
09

19
.0

5 ±
 21

.2
2

19
.1

3 ±
 11

.4
8

19
.3

3 ±
 6.

49
20

.1
7 ±

 5.
73

n
29

2
21

2
21

4
21

1
54

18
P

—
 <

 0.
00

1
 <

 0.
00

1
 <

 0.
00

1
 <

 0.
00

1
0.

02
9

Pr
e-

op
 p

re
-o

pe
ra

tiv
e,

 B
M

I b
od

y 
m

as
s 

in
de

x,
 E

W
L%

 e
xc

es
s 

w
ei

gh
t l

os
s 

pe
rc

en
t, 

TW
L%

 to
ta

l w
ei

gh
t l

os
s 

pe
rc

en
t, 

SB
P 

sy
sto

lic
 b

lo
od

 p
re

ss
ur

e,
 D

BP
 d

ia
sto

lic
 b

lo
od

 p
re

ss
ur

e,
 H

O
M

A-
IR

 h
om

eo
-

st
as

is
 m

od
el

 a
ss

es
sm

en
t o

f i
ns

ul
in

 re
si

st
an

ce
, T

C
 to

ta
l c

ho
le

ste
ro

l, 
TG

 tr
ig

ly
ce

rid
es

, A
LT

 a
la

ni
ne

 a
m

in
ot

ra
ns

fe
ra

se
, A

ST
 a

sp
ar

ta
te

 a
m

in
ot

ra
ns

fe
ra

se
, P

 s
ig

ni
fic

an
ce

 o
f t

he
 c

om
pa

ris
on

 o
f g

iv
en

 
tim

ep
oi

nt
 v

s p
re

op
er

at
iv

e 
le

ve
l, 

U
TC

​ u
na

bl
e 

to
 c

om
pu

te
, I

ta
lic

iz
ed

 c
el

ls
 in

di
ca

te
 st

at
ist

ic
al

 si
gn

ifi
ca

nc
e



1258	 Obesity Surgery (2025) 35:1253–1264

HDL significantly increased at four time points (years 1, 3, 
5, 7) compared to preop values. Relative to baseline, LDL 
and TC improved through years 3–9, but this was signifi-
cant only in year 5 (P = 0.011 and P = 0.024 respectively). 
AST and ALT significantly improved across all time points 
compared to preop levels (P < 0.001 for all).

The long-term changes (Δ) of the variables at each time 
point relative to baseline are illustrated in Figs. 4, 5, and 6.

Evolution of Diabetes Therapy Across Time

Table 3 shows that relative to preop values, the mean pro-
portion of patients on insulin therapy, and those on diabetes 
medication were both significantly reduced over time, reach-
ing approximately one third and one half respectively by 
year 9. Similarly, the median number of diabetes medication 
was also significantly decreased. The mean proportion of 
patients not requiring any form of diabetes therapy signifi-
cantly increased from 35.92%preop to 68.18%year 9. Figure 7 
shows the percentage of patients on diabetes medication, 
on insulin therapy, or those not requiring any medication 
after SG, with each time point compared to the previous 
time point.

Evolution of Diabetes Status Across Time Points

The prevalence of complete remission was between 
36.5%year 1 and 20%year 9 (Table 4), and partial remission was 
≈ 8–10% of patients across the five time points. The percent-
ages of patients with improvements in T2DM but not meet-
ing the criteria for full or partial remission were 47% year 1, 
32% year 3, 35% year 5, 42% year 7, and 50% year 9. Conversely, no 
change in T2DM status was observed in 9.7–11% of patients 
over the long term (years 5–9), and relapse was first noted 
in 12.24%year 3, then ranged between 23%year 5 and 10%year 9.

Fig. 2   Patients with weight regain at 3, 5, 7 and 9 years after sleeve 
gastrectomy, and their comparisons with previous time points
 Significant change from the previous timepoint at the level of 
**P < 0.01, *** P < 0.001

Fig. 3   Changes (Δ) in anthro-
pometric and clinical measures 
at 1, 3, 5, 7, and 9 years after 
sleeve gastrectomy, relative to 
baseline
BMI body mass index; SBP sys-
tolic blood pressure; DBP dias-
tolic blood pressure; diamonds 
indicate the mean change value 
(Δ); error bars indicate standard 
deviations of the change value 
(σΔ); dotted line represents zero 
change from baseline; signifi-
cant change from baseline at the 
level of *P < 0.05; ** P < 0.01; 
***P < 0.001
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Discussion

The long-term metabolic effects of SG among diabetic 
patients beyond 5 years remain largely unknown. The 

current study is the largest series to date, with 9 years of 
follow up. We evaluated 20 anthropometric, clinical, gly-
cemic, lipid, and hepatic variables, as well as changes in 
diabetes status, to provide important knowledge about the 

Fig. 4   Changes (Δ) in glycemic measures at 1, 3, 5, 7, and 9  years 
after sleeve gastrectomy, relative to baseline
FBG  fasting blood glucose; HbA1c  hemoglobin A1c; HOMA 
IR  homeostasis model assessment of insulin resistance; diamonds 
indicate the mean change value (Δ); error bars indicate stand-

ard deviations of the change value (σΔ); dotted line represents zero 
change from baseline; *significant change from baseline, P < 0.05; 
**P < 0.01; ***P < 0.001. For insulin level, C-peptide, and HOMA-
IR, statistical tests not run for comparisons of years 5–7 and years 
7–9 due to insufficient patients with measures at both time points
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sustainability of clinical improvements after SG among 
patients with T2DM.

Our main findings indicate that, overall, patients with 
T2DM who underwent SG experienced substantial long-
term improvements across several parameters compris-
ing weight reduction, enhanced glycemic, and improved 
metabolic profiles. In addition, there were long-term 

improvements in diabetes status, evidenced by a decrease 
in the number of patients requiring diabetes medications or 
insulin therapy, increased number of patients meeting the 
criteria for remission and partial remission, and the general 
improvements in glycemic measures.

Weight loss was significant and sustained, translating 
into a mean decrease of 9 kg/m2 in BMI at year 9. Such 

Fig. 5   Changes (Δ) in lipid 
measures at 1, 3, 5, 7, and 
9 years after sleeve gastrectomy, 
relative to baseline
LDL low-density lipoprotein; 
HDL high-density lipoprotein; 
diamonds indicate the mean 
change value (Δ); error bars 
indicate standard deviations of 
the change value (σΔ); dotted 
line represents zero change from 
baseline; significant change 
from baseline at the level of 
*P < 0.05; **P < 0.01; *** 
P < 0.001

Fig. 6   Changes (Δ) in hepatic measures at 1, 3, 5, 7, and 9 years after 
sleeve gastrectomy, relative to baseline
ALT  alanine aminotransferase; AST  aspartate aminotransferase; dia-
monds indicate the mean change value (Δ); error bars indicate stand-

ard deviations of the change value (σΔ); dotted line represents zero 
change from baseline; significant change from baseline at the level of 
*P < 0.05; **P < 0.01; ***P < 0.001
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improvements were mirrored by EWL% ranging between 
59%year 1 and 46%year 9. Our findings are consistent with 
those of previous studies, including one that followed 
patients with T2DM for a median of 6 years and noted sig-
nificant long-term BMI reduction (8 kg/m2), with EWL% 

of 43% [12]. Similarly, a meta-analysis reported EWL% of 
49.5% and BMI reduction of 10.7 kg/m2 at 5 years after 
SG [22]. Collectively, the findings of the current study indi-
cate that these improvements can be sustained up to 9 years 
post-surgery. The proposed etiologies for the improvement 

Table 3   Evolution of diabetes therapy across the study period

a 25th and 75th percentile, N number of patients with given outcome of interest (nominator), n total number of patients for the given analysis 
(denominator), P significance of the comparison of given timepoint vs preoperative level, Italicized cells indicate statistical significance

Variable Pre-op Year 1 Year 3 Year 5 Year 7 Year 9

Insulin therapy N (%) 94 (27.20) 45 (13.30) 29 (8.80) 37 (11.00) 11 (9.00) 6 (9.70)
n 345 338 331 337 122 62
P —  < 0.001  < 0.001  < 0.001  < 0.001 0.003

Diabetes medication N (%) 206 (57.06) 141 (39.94) 138 (40.2) 184 (52.9) 59 (42.8) 21 (26.6)
n 361 353 343 348 138 79
P —  < 0.001  < 0.001 0.127 0.111 0.014

Number of diabetes medication/s Median 1.00 0.00 1.00 1.00 0.00 0.00
(25, 75)a (0.00, 1.00) (0.00, 1.00) (0.00, 1.00) (0.00, 2.00) (0.00, 2.00) (0.00, 1.00)
n 361 353 343 348 138 79
P —  < 0.001  < 0.001 0.341 0.005 0.673

Not on diabetes medication or insulin N (%) 125 (35.92) 186 (54.71) 146 (43.84) 147 (43.24) 67 (53.60) 45 (68.18)
n 348 340 333 340 125 66
P —  < 0.001  < 0.001 0.020 0.006 0.001

Fig. 7   Percentage of patients on A diabetes medication; B insulin 
therapy; C not on diabetes medication or insulin, comparisons with 
previous time points

 Significant change from previous timepoint at level of **P < 0.01; 
***P < 0.001

Table 4   Evolution of diabetes 
across five time points

Cell values represent frequency (percent) [n (%)]; only patients with complete available information 
included in the analysis; — not applicable; aAdopted from [19]

Diabetes statusa Year 1
n = 304

Year 3
n = 294

Year 5
n = 269

Year 7
n = 72

Year 9
n = 10

Complete remission 111 (36.51) 100 (34.01) 55 (20.45) 14 (19.44) 2 (20.00)
Partial remission 25 (8.22) 32 (10.88) 27 (10.04) 6 (8.33) 1 (10.00)
Improvement 143 (47.04) 97 (32.99) 95 (35.32) 30 (41.67) 5 (50.00)
Unchanged 25 (8.22) 29 (9.86) 30 (11.15) 7 (9.72) 1 (10.00)
Relapse — 36 (12.24) 62 (23.05) 15 (20.83) 1 (10.00)
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in cardiometabolic parameters observed after SG include 
reduced ghrelin levels, favorable alterations in bile acids, 
and enhanced incretin [23].

As with all MBS, weight regain is not uncommon after 
SG [18]. We observed a 10.6% weight regain at year 3, 
increasing to 29.9% at the four subsequent time points. 
However, these results are relatively favorable when com-
pared to studies from China and the USA where long-term 
weight regain following SG among patients with T2DM has 
been documented to range between 29.5% and 40% [12, 13]. 
Weight regain has a complex etiology that includes hormo-
nal, metabolic, dietary, behavioral, psychological, and ana-
tomical surgical factors [17, 24]; hence, regular follow ups 
with a multidisciplinary team are essential to address these 
underlying factors and optimize the long-term maintenance 
of weight loss [25].

Over the course of the study, we observed substantial 
improvements in glycemic control, evidenced by significant 
reductions in FBG and HbA1c. Mean FBG decreased sig-
nificantly from 9.27preop to 7.06 year 9 mmol/L. Others have 
reported similar findings among patients with T2DM 5 years 
after SG [11, 15, 16]. Our cohort also displayed a significant 
decrease in HbA1c from 8.1%preop to 6.9%year 9. In agree-
ment, two previous randomized controlled trials among 
patients with T2DM comparing the long-term outcomes of 
medical management versus surgical intervention (includ-
ing SG) demonstrated significant reductions in HbA1c 
from 8.7%baseline to 7.2%year 7 [26] and from 9.5%baseline 
to 7.1%year 5 [27]. In conjunction with improved glycemic 
control, we noted a marked reduction in the proportion of 
patients requiring diabetes medication or insulin therapy. 
There was also a notable increase in the number of patients 
no longer requiring any diabetes medication, along with a 
substantial decrease in the overall number of diabetes medi-
cations used by patients. These findings are consistent with 
the literature where the percentage of patients with T2DM 
requiring insulin decreased from 42%baseline to 25%year 5 after 
SG [12], with significant reductions in the number of diabe-
tes medications used [27, 28].

We examined five levels of change in T2DM status (com-
plete remission, partial remission, improvement, unchanged, 
recurrence) [19]. Complete remission of T2DM ranged 
between 19.44 and 20.45% at 5–9 years in the current series. 
The literature reveals wide variations of complete remis-
sion of T2DM ranging from 9% and 80% five years after 
SG [12, 13, 28–30]. Such variations may be due to the use 
of different criteria for defining complete remission, ren-
dering it difficult to directly compare data across studies. 
Partial remission after SG has previously been reported by 
only few studies with rates ranging from 5.9% to 15% [12, 
13, 15, 30, 31]. This is in agreement with our 8.33%–10% 
partial remission rate at 5–7 years. As for T2DM improve-
ment, 35.3%–50% of our cohort improved on the long term, 

falling within the 10%–52% improvement rates reported 
by others at five years post-SG [12, 15, 28]. Likewise, our 
8.22%–11.15% unchanged T2DM status is also consist-
ent with the 17%–27% rates observed elsewhere [12, 28]. 
Improvements in glycemic control after SG can be attributed 
to the decreased insulin resistance, enhanced GLP release, 
and improved beta cell function [32].

Approximately 10–23% of our T2DM patients experi-
enced relapse on the long term (5–9 years). Late relapse can 
occur after MBS, with varying incidence rate based on the 
definition of relapse used, patient population, type of sur-
gery, as well as duration and completeness of follow-up [12]. 
These factors might collectively explain the wide variations 
in the relapse rates reported after SG, ranging between 5.9% 
to 38% [13, 15, 28, 33]. Despite relapse, studies have shown 
that such patients still displayed significant improvements in 
their metabolic profile, comparable to those of patients with 
long-term remission, suggesting that T2DM relapse years 
after SG should not be considered a failure [4, 34]. Overall, 
MBS effectively alters the trajectory of cardiometabolic risk 
factors, providing lasting benefits.

Likewise, mean SBP and DBP showed significant reduc-
tions compared to pre-surgery levels, which was maintained 
over 5–7 years. Others have reported similar findings [12, 
28]. While weight loss is the primary factor in improving 
blood pressure, other contributing factors include the effects 
of gut hormones, enhanced insulin sensitivity, reduced arte-
rial stiffness, and decreased activation of the renin–angio-
tensin–aldosterone system [35]. Similarly, in the current 
study, TG decreased across all time points whilst HDL sig-
nificantly increased across four time points. Interestingly, 
improvements were less striking for LDL and TC. Consistent 
with our findings, others observed favorable HDL and TG 
changes after LSG, but no significant effect on LDL and TC 
[12, 27].

Furthermore, the current study demonstrated significant 
improvements in AST and ALT levels at all time points 
compared to preoperative values, suggesting that SG could 
result in improvement of fatty liver disease. Previous 
research assessing the efficacy of SG on the remission of 
non-alcoholic fatty liver disease among patients with T2DM 
have reported improvement of liver function tests, where 
serum liver enzymes significantly decreased 1–3 years after 
surgery [36]. While weight loss alone can contribute to 
improvements in liver enzymes, weight loss–independent 
mechanisms have also been postulated. These include post-
operative bile acid, enterohepatic circulation changes, and 
gut microbiota–mediated mechanisms [36, 37].

Despite the positive findings outlined above, this study 
has limitations. Retrospective designs have their inher-
ent limitations in terms of data completeness and quality. 
For a broader perspective, the inclusion of outcomes such 
as quality of life, general health perceptions, and T2DM 
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complications (e.g., retinopathy, nephropathy) would have 
been insightful. A larger sample size would have enhanced 
the study’s power to detect significant differences particu-
larly at the 7- and 9-year follow-ups. About 20% of patients 
used GLP-1 receptor agonists, which have dual effects on 
weight and glucose management, raising the question of 
whether the sustained effects on T2DM remission and 
weight control in later years could be partially attributed 
to GLP-1 effect. Future research would benefit to address 
these points. Despite this, to our knowledge, the study is 
the largest series with the longest follow-up time to date, 
assessing outcomes up to 9 years, across a wide range of 
critical variables. We reported changes at five distinct post-
operative time points, providing a life course longitudinal 
profile, and capturing the fine changes, the sustainability 
of improvements, and the remission of associated medical 
conditions, in contrast to studies that reported cumulative 
average changes over a mean follow-up period [12]. We 
employed the American Society of Bariatric and Meta-
bolic Surgery definitions to categorize and detect changes 
in five levels of diabetes status (complete remission, partial 
remission, improvement, unchanged, relapse), allowing a 
nuanced classification of patients, compared to other stud-
ies [11, 13, 14].

Conclusion

The findings of this study add new and important insights 
into the longevity of the benefits after SG among patients 
with T2DM. Marked improvements occurred in the first 
year and were sustained on the long term, with signifi-
cantly enhanced anthropometric, glycemic, lipid, and 
hepatic profiles. Patients also experienced long-term 
improvements in diabetes status and glycemic control, 
with reductions in the usage of both diabetes medica-
tions and insulin. The study also confirms that the initial 
benefits of SG are largely sustainable for up to 9 years 
among the majority of T2DM patients. Such knowledge 
may help inform the reduction of obesity-related health 
risks, overall disease burden, and cardiovascular risk 
related to T2DM.

Acknowledgements  The authors thank the patients included in this 
study and acknowledge the surgeons and perioperative staff involved 
in the procedures.

Author Contribution  W.E.A. and W.E. wrote the main manuscript text; 
I.E. collected the data; M.L. conducted the analayisis and prepared the 
figures. All authors reviewed the manuscript.

Funding  Open Access funding provided by the Qatar National Library.

Data Availability  Data could be available upon reasonable request, and 
the agreement of the institution where the research was implemented.

Declarations 

Ethical Approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical standards.

Informed Consent  The informed consent was waived (IRB approved, 
HIPAA compliant retrospective study).

Human and Animal Rights  All procedures performed in studies involv-
ing human participants were in accordance with the ethical standards 
of the institutional and/or national research committee and with the 
1964 Helsinki Declaration and its later amendments or comparable 
ethical standards.

Conflict of Interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Bhupathiraju SN, Hu FB. Epidemiology of obesity and dia-
betes and their cardiovascular complications. Circ Res. 
2016;118:1723–35.

	 2.	 Centers for Disease Control and Prevention (CDC). Prevalence 
of overweight and obesity among adults with diagnosed diabetes-
-United States, 1988–1994 and 1999–2002. MMWR Morb Mortal 
Wkly Rep. 2004;53:1066–8.

	 3.	 Wareham NJ, Herman WH. The clinical and public health chal-
lenges of diabetes prevention: a search for sustainable solutions. 
PLoS Med. 2016;13:e1002097.

	 4.	 Elhag W, El Ansari W, Bashah M, et al. Late diabetes relapse after 
sleeve gastrectomy compared with long-term remission: charac-
teristics and cardiometabolic outcomes. Metab Syndr Relat Dis-
ord. 2023;21:319–26.

	 5.	 Elgenaied I, El Ansari W, Elsherif MA, et al. Factors associated 
with complete and partial remission, improvement, or unchanged 
diabetes status of obese adults 1 year after sleeve gastrectomy. 
Surg Obes Relat Dis Off J Am Soc Bariatr Surg. 2020;16:1521.

	 6.	 Salminen P, Grönroos S, Helmiö M, et al. Effect of laparoscopic 
sleeve gastrectomy vs Roux-en-Y gastric bypass on weight loss, 
comorbidities, and reflux at 10 years in adult patients with obe-
sity: the SLEEVEPASS Randomized Clinical Trial. JAMA Surg. 
2022;157:656–66.

	 7.	 Melissas J, Stavroulakis K, Tzikoulis V, et al. Sleeve gastrectomy 
vs Roux-en-Y gastric bypass. data from IFSO-European Chapter 
Center of Excellence Program. Obes Surg. 2017;27:847–55.

http://creativecommons.org/licenses/by/4.0/


1264	 Obesity Surgery (2025) 35:1253–1264

	 8.	 El Ansari W, Elhag W. Preoperative prediction of body mass index 
of patients with type 2 diabetes at 1 year after laparoscopic sleeve 
gastrectomy: cross-sectional study. Metab Syndr Relat Disord. 
2022;20:360–6.

	 9.	 Lemanu DP, Singh PP, Rahman H, et al. Five-year results after 
laparoscopic sleeve gastrectomy: a prospective study. Surg Obes 
Relat Dis Off J Am Soc Bariatr Surg. 2015;11:518–24.

	10.	 Chandrakumar H, Khatun N, Gupta T, et  al. The effects of 
bariatric surgery on cardiovascular outcomes and cardiovascu-
lar mortality: a systematic review and meta-analysis. Cureus. 
2023;15:e34723.

	11.	 Abbatini F, Capoccia D, Casella G, et  al. Long-term remis-
sion of type 2 diabetes in morbidly obese patients after sleeve 
gastrectomy. Surg Obes Relat Dis Off J Am Soc Bariatr Surg. 
2013;9:498–502.

	12.	 Aminian A, Brethauer SA, Andalib A, et al. Can sleeve gas-
trectomy “cure” diabetes? Long-term metabolic effects of 
sleeve gastrectomy in patients with type 2 diabetes. Ann Surg. 
2016;264:674–81.

	13.	 Liu SY-W, Wong SK-H, Lam CC-H, et al. Long-term results on 
weight loss and diabetes remission after laparoscopic sleeve gas-
trectomy for a morbidly obese Chinese population. Obes Surg. 
2015;25:1901–8.

	14.	 Mizera M, Wysocki M, Bartosiak K, et al. Type 2 diabetes remis-
sion 5 years after laparoscopic sleeve gastrectomy: multicenter 
cohort study. Obes Surg. 2021;31:980–6.

	15.	 Viscido G, Gorodner V, Signorini FJ, et al. Obese patients with 
type 2 diabetes: outcomes after laparoscopic sleeve gastrectomy. 
J Laparoendosc Adv Surg Tech A. 2019;29:655–62.

	16.	 Lessing Y, Pencovich N, Lahat G, et al. Laparoscopic sleeve gas-
trectomy for diabetics - 5-year outcomes. Surg Obes Relat Dis Off 
J Am Soc Bariatr Surg. 2017;13:1658–63.

	17.	 El Ansari W, Elhag W. Weight regain and insufficient weight loss 
after bariatric surgery: definitions, prevalence, mechanisms, pre-
dictors, prevention and management strategies, and knowledge 
gaps-a scoping review. Obes Surg. 2021;31:1755–66.

	18.	 Elhag W, Lock M, El Ansari W. When definitions differ, are 
comparisons meaningful? Definitions of weight regain after 
bariatric surgery and their associations with patient character-
istics and clinical outcomes - a need for a revisit? Obes Surg. 
2023;33:1390–400.

	19.	 Brethauer SA, Kim J, el Chaar M, et al. Standardized outcomes 
reporting in metabolic and bariatric surgery. Surg Obes Relat Dis 
Off J Am Soc Bariatr Surg. 2015;11:489–506.

	20.	 Hatoum IJ, Kaplan LM. Advantages of percent weight loss as a 
method of reporting weight loss after Roux-en-Y gastric bypass. 
Obes Silver Spring Md. 2013;21:1519–25.

	21.	 Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis model 
assessment: insulin resistance and beta-cell function from fasting 
plasma glucose and insulin concentrations in man. Diabetologia. 
1985;28:412–9.

	22.	 Yu J, Zhou X, Li L, et al. The long-term effects of bariatric 
surgery for type 2 diabetes: systematic review and meta-anal-
ysis of randomized and non-randomized evidence. Obes Surg. 
2015;25:143–58.

	23.	 Elhag W, El Ansari W. Laparoscopic sleeve gastrectomy: out-
comes, safety and complications. In: Bariatric Surgery—From 
the Non-Surgical Approach to the Post-Surgery Individual Care. 
(Saiz-Sapena N, Oviedo JM. eds.) IntechOpen; 2021. Available 
from: https://​www.​intec​hopen.​com/​online-​first/​74558. Accessed 
8 Aug 2024.

	24.	 Zefreh H, Amani-Beni R, Sheikhbahaei E, et al. What about my 
weight? Insufficient weight loss or weight regain after bariatric 
metabolic surgery. Int J Endocrinol Metab. 2023;21:e136329.

	25.	 Elhag W, El Ansari W. Weight regain and insufficient weight loss 
after bariatric surgery: a call for action. In: Bariatric surgery - 
from the non-surgical approach to the post-surgery individual 
care, Nieves Saiz-Sapena and Juan Miguel Oviedo (Eds) [Inter-
net]. IntechOpen; 2020 Available from: https://​www.​intec​hopen.​
com/​online-​first/​74559. Accessed 22 Aug 2024.

	26.	 Courcoulas AP, King WC, Belle SH, et al. Seven-year weight tra-
jectories and health outcomes in the Longitudinal Assessment of 
Bariatric Surgery (LABS) study. JAMA Surg. 2018;153:427–34.

	27.	 Schauer PR, Bhatt DL, Kirwan JP, et al. Bariatric surgery versus 
intensive medical therapy for diabetes - 5-year outcomes. N Engl 
J Med. 2017;376:641–51.

	28.	 Brethauer SA, Aminian A, Romero-Talamás H, et al. Can diabe-
tes be surgically cured? Long-term metabolic effects of bariatric 
surgery in obese patients with type 2 diabetes mellitus. Ann Surg. 
2013;258:628–36; discussion 636–637.

	29.	 McTigue KM, Wellman R, Nauman E, et al. Comparing the 5-year 
diabetes outcomes of sleeve gastrectomy and gastric bypass: the 
National Patient-Centered Clinical Research Network (PCORNet) 
Bariatric Study. JAMA Surg. 2020;155:e200087.

	30.	 Nedelcu M, Loureiro M, Skalli M, et al. Laparoscopic sleeve 
gastrectomy: effect on long-term remission for morbidly obese 
patients with type 2 diabetes at 5-year follow up. Surgery. 
2017;162:857–62.

	31.	 DakourAridi H, Alami R, Tamim H, et al. Long-term outcomes of 
laparoscopic sleeve gastrectomy: a Lebanese center experience. 
Surg Obes Relat Dis Off J Am Soc Bariatr Surg. 2016;12:1689–96.

	32.	 Yin X, Qian J, Wang Y, et al. Short-term outcome and early effect 
on blood pressure of laparoscopic sleeve gastrectomy in morbidly 
obese patients. Clin Exp Hypertens N Y N. 1993;2019(41):622–6.

	33.	 Watanabe Y, Yamaguchi T, Nagayama D, et al. Factors associ-
ated with relapse of type 2 diabetes mellitus after laparoscopic 
sleeve gastrectomy in Japanese subjects: a subgroup analysis of 
J-SMART Study. Obes Facts. 2023;16:119–30.

	34.	 Aminian A, Vidal J, Salminen P, et al. Late relapse of diabetes 
after bariatric surgery: not rare, but not a failure. Diabetes Care. 
2020;43:534–40.

	35.	 Climent E, Oliveras A, Pedro-Botet J, et al. Bariatric surgery 
and hypertension. J Clin Med [Internet]. 2021 [cited 2022 Nov 
19];10. Available from: https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​artic​
les/​PMC84​67380/. Accessed 24 Aug 2024.

	36.	 Billmann F, El Shishtawi S, Bruckner T, et al. Combined non-
alcoholic fatty liver disease and type 2 diabetes in severely obese 
patients—medium term effects of sleeve gastrectomy versus 
Roux-en-Y-gastric bypass on disease markers. Hepatobiliary Surg 
Nutr. 2022;11:795–807.

	37.	 Xu G, Wang Z, Yu C, et al. An assessment of the effect of bariatric 
surgery on cardiovascular disease risk in the Chinese population 
using multiple cardiovascular risk models. Diabetes Metab Syndr 
Obes. 2023;16:1029–42.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://www.intechopen.com/online-first/74558
https://www.intechopen.com/online-first/74559
https://www.intechopen.com/online-first/74559
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8467380/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8467380/

	Sleeve Gastrectomy in Patients with Type 2 Diabetes: Anthropometric and Cardiometabolic Improvements at 1, 3, 5, 7, and 9 years—Are the Initial Benefits Sustained?
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and Methods
	Study Design, Ethics, and Participants
	Data Collection
	Definitions
	Data Processing and Statistical Analysis

	Results
	Preoperative Characteristics
	Anthropometric, Clinical, Glycemic, Lipid, and Hepatic Changes Across Time
	Evolution of Diabetes Therapy Across Time
	Evolution of Diabetes Status Across Time Points

	Discussion
	Conclusion
	Acknowledgements 
	References


