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Abstract

Background: Weight loss response after bariatric surgery is highly variable, and several 

demographic factors are associated with differential responses to surgery. Preclinical studies 

demonstrate numerous sex-specific responses to bariatric surgery, but whether these responses 

are also operation dependent is unknown.

Objective: To examine sex-specific weight loss outcomes up to 5 years after laparoscopic 

Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy (SG).

Setting: Single center, university, United States.

Methods: Retrospective, observational cohort study including RYGB (n = 5057) and vertical SG 

(n = 2041) patients from a single, academic health center. Percentage total weight loss (TWL) over 

time was examined with generalized linear mixed models to determine the main and interaction 

effects of surgery type on weight loss by sex.

Results: TWL demonstrated a strong sex-by-procedure interaction, with women having a 

significant advantage with RYGB compared with SG (adjusted difference at 5 yr: 8.0% [95% 

CI: 7.5–8.5]; P < .001). Men also experienced greater TWL over time with RYGB or SG, but the 

difference was less and clinically insignificant (adjusted difference at 5 yr: 2.9% [2.0–3.8]; P < 

.001; P interaction between sex and procedure type = .0001). Overall, women had greater TWL 

than men, and RYGB patients had greater TWL than SG patients (adjusted difference at 5 yr: 3.1% 
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[2.4–3.2] and 6.9% [6.5–7.3], respectively; both P < .0001). Patients with diabetes lost less weight 

compared with those without (adjusted difference at 5 yr: 3.0% [2.7–3.2]; P < .0001).

Conclusions: Weight loss after bariatric surgery is sex- and procedure-dependent. There is an 

association suggesting a clinically insignificant difference in weight loss between RYGB and SG 

among male patients at both the 2- and 5-year postsurgery time points. (Surg Obes Relat Dis 

2024;20:687–694.)
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As the surgical and medical options for obesity treatment increase, understanding how 

patient factors such as sex, race, age, and underlying co-morbidities are predictive of 

outcomes is paramount to provide guidance in treatment selection. Current therapy options 

for surgical weight loss include laparoscopic sleeve gastrectomy (SG) and Roux-en-Y 

gastric bypass (RYGB), with other surgical options becoming more common place, 

including one-anastomosis gastric bypass and single-anastomosis duodenoileal bypass [1,2]. 

However, no guidelines currently exist to assist in the selection of a particular bariatric 

surgical therapy in a given patient population.

Numerous demographic and clinical factors have been associated with the degree of weight 

loss achieved after bariatric surgery, including age, race, baseline weight, diabetes status, 

duration of diabetes, and environmental and psychosocial factors [3–9]. Extensive research 

has explored the influence of sex on the extent of weight loss following bariatric surgery, 

yet there is ongoing debate about the specific effect of gender on weight loss directionality. 

Masrur et al. and Kitamura et al. both found in large retrospective case-control analyses that 

female patients achieved greater weight loss than male patients [6,10]; however, Shah et al. 

in a matched propensity score analysis failed to identify any sex-specific difference [11]. A 

meta-analysis by Risi et al., incorporating 27 studies, found that while women experienced 

more in terms of excess weight, men lost more in terms of total body mass index (BMI) 

[12]. Studies vary in how SG and RYGB compare in the amount of weight loss achieved in 

the short (1 yr), moderate (3 yr) [13], and long term (5 yr) [14], and little is known as to how 

the sex-specific differences interact with differences in weight loss achieved with different 

weight loss surgeries.

We thus aimed to evaluate the interaction of sex and operations undertaken on weight loss 

outcomes following bariatric surgery in our large single-institution cohort. Our primary 

hypothesis is that female patients achieve greater weight loss than male patients, which may 

be modified by procedure type.

Methods

Study population and data extraction

This study was approved by the local institutional review board. The data utilized for this 

study derived from the local Quality, Efficacy, and Safety (QES) Database, a prospective 

data registry that includes operative records (>8000) of metabolic and bariatric operations. 
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The QES Database is unique to Vanderbilt University Medical Center and is solely for 

internal research and quality improvement purposes. Data are procured and securely stored 

using Research Electronic Data Capture (REDCap), a secure, web-based software platform 

designed to support data capture, providing: (1) an intuitive interface for validated data 

capture; (2) audit trails for tracking data manipulation and export procedures; (3) automated 

export procedures for seamless data downloads to common statistical packages; and (4) 

procedures for data integration and interoperability with external sources [12,13].

For the current study, data extraction included cases and follow-up from January 1999 

through June 2022. Variables included age, surgery date, sex (female/male), race (American 

Indian/Alaska Native, Asian, Native Hawaiian or Other Pacific Islander, Black or African 

American, White/Caucasian, Unknown/Not Reported, Declined), ethnicity (Hispanic or 

Latino, NOT Hispanic or Latino, Unknown/Not Reported, Declined), operation (RYGB, 

SG), preoperative body weight (kg), and preoperative height (cm). Preoperative weight was 

extracted as the highest weight within 6 weeks before surgery. Only laparoscopic RYGB and 

laparoscopic SG were included, and we limited our analysis to only Black/African American 

and White/Caucasian race for modeling purposes, as these racial groups accounted for 

~98% of all records. Patients were classified as having type 2 diabetes (T2D) if they had 

an International Statistical Classification of Disease-9/10 code for diabetes. Records with 

duplicate identifiers were excluded.

Body weight and follow-up determination

A frequent limitation of bariatric surgical studies is poor follow-up and to circumvent this 

limitation, the QES includes all weight measurements within the hospital system network, 

even if patients were lost to bariatric follow-up. Using the date of surgery as a reference 

point, all weight measurements were extracted at 3-month intervals. In the case of multiple 

measurements within an interval, the measurement closest to the 3-month time interval 

was automatically included. For follow-up calculation, patients were considered to have 

follow-up to the year of interest if they had at least 1 measurement within a given year.

Statistical analysis and data visualization

Data analysis, manipulation, and visualization were conducted with R version 3.5.0 or 

higher (R Foundation for Statistical Computing, Vienna, Austria). Data were described 

using mean and standard deviation for continuous variables, while categorical variables 

were described using counts and percentages. Generalized linear mixed models (SAS) were 

used to estimate the effects of age, sex (female or male), race (Black/African American 

or White/Caucasian), operation (RYGB or vertical sleeve gastrectomy [VSG]), preoperative 

body weight, and preoperative insulin resistance/diabetes (present/absent) on total weight 

loss percentage with a spline function of time with prespecified knots at 0, 12, 18, 36, and 60 

months. Interactions were included between spline function of time and the aforementioned 

variables given their effects may change over time.
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Results

Cohort characteristics and follow-up

Cohort characteristics are shown in Table 1. For the entire cohort, the median age was 45.3, 

with 80% female, 81% White, and 38% having T2D at baseline. The majority of patients 

underwent RYGB (n = 5057) compared with SG (n = 2041). The median baseline weight 

was 135.3 kg, with a median baseline BMI of 47.9 kg/m2. Follow-up rates (at least 1 visit 

within 6 mo of time before or after) at 1 year, 2 years, and 5 years postsurgery were 83.7%, 

54.2%, and 23.6%, respectively. Follow-up rates by male and female cohorts differed by 

<1% at year 1, 2, and 5.

Weight loss outcomes

Weight loss across the cohort was in line with prior studies, with 31.8% and 32.2% at 1 and 

2 years postsurgery, respectively, but weight loss declined over time, with mean weight loss 

of 26% at 5 years (Table 2). Patients who underwent RYGB experienced greater weight loss 

than those who underwent SG at all time points (Fig. 1), with a covariate-adjusted difference 

of 5%, 6.6%, and 6.9% at years 1, 2, and 5, respectively (Table 2).

Effect of sex and procedure type on weight loss

In comparing weight loss by sex, at 1, 2, and 5 years female patients experienced 2.2%, 

2.8%, and 3.1% greater weight loss, respectively, when compared with male patients (< 

.0001) of either operation. In the first 2 years postsurgery, female patients had more weight 

loss after RYGB (female: 34.4% versus male: 31.7%) and less weight loss after SG (female: 

27.3% versus male: 28.3%) than male patients, resulting in greater difference between 

RYGB and SG in female patients than male patients (adjusted difference: −7.43% versus 

−3.40%). For 2 to 5 years after surgery, female patients showed similar weight regain after 

RYGB and SG (both 5.7%), while male patients had more weight regain after RYGB than 

after SG (6.7% versus 5.4%), resulting in a smaller discrepancy between RYGB and SG 

in male patients at 5 years and further increasing the difference between RYGB and SG 

in female patients than male patients (adjusted difference: −8.00% versus −2.88%; Table 3, 

Fig. 2).

As female patients represented most of the total cohort (80%), female weight loss over time 

mirrored the total cohort, with RYGB having a greater weight loss at all time points relative 

to SG (Fig. 2A). In contrast, weight loss trends by men undergoing RYGB converged with 

men undergoing SG (Fig. 2B). While men at 1 year undergoing RYGB experienced 4.3% 

more weight loss than those undergoing SG, that difference decreased at 2 and 5 years, 

with only a 3.4% and 2.9% greater weight loss after RYGB compared with SG, respectively 

(Table 3). This contrasts with female patients undergoing RYGB who experienced a further 

increase in weight loss over time compared with female patients undergoing SG, with 

female patients after RYGB experiencing 5.1%, 7.4%, and 8.0% more weight loss at 1, 2, 

and 5 years, respectively.
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Effect of age, initial body weight, and race

Age weakly and inconsistently impacted weight loss over time. At 1 year, covariate-adjusted 

difference was .2% greater weight loss per 5-year increment (P <.001), but by 5 years, no 

difference with increasing age was found (P = .25; Table 2). Increasing body weight (per 

25-kg increment) was similarly associated with greater weight loss at all time points, with 

the difference increasing over time, equating to a 1.9% difference at 5 years (P <.001; Table 

2). Compared to White patients, Black patients lost less weight at all time points, with 3.9%, 

4.1%, and 3.6% less weight loss at 1, 2, and 5 years, respectively (all P <.001).

Effect of diabetes history

T2D was associated with decreased weight loss at all time points with a covariate-adjusted 

difference of 3.0%, 3.7%, and 2.8% less weight loss at 1, 2, and 5 years, respectively (all P 
< .001). The impact of T2D was consistent across male and female patients (2.4 versus 2.9% 

at year 5, respectively; Table 3).

Discussion

In this study, we identified several factors impacting the degree of weight loss experienced 

both in short (1-yr) and long-term (5-yr) follow-up. First, female patients experienced 

greater weight loss than men at all follow-up time points. Patients with T2D experienced 

less weight loss than those without, although the difference was small in the long term. 

Similarly, although RYGB was associated with greater weight loss than SG in women, in 

men, the difference at 5 years was not clinically significant. These findings of minimal 

differences in weight loss between SG and RYGB in men and in patients with T2D raises 

the prospect of surgical decision making focusing less on degree of weight loss, and more on 

patient-focused variables such as need for medications and quality of life.

Several prior studies have evaluated sex as a biological variable impacting weight loss after 

bariatric surgery with studies disagreeing on the directionality of a sex-dependent difference. 

Anderson et al. contradictorily found that women achieved less weight loss after sleeve 

gastrectomy than men [15]. However, this single-center study included only 160 patients 

in total, compared with our 7000. Quadri et al., in a similarly small cohort over a 2-year 

follow-up period, did not identify a difference in weight loss between men and women after 

sleeve gastrectomy [16]. When evaluating sex as a biological variable in patients undergoing 

RYGB, Stroh et al. also found no difference in weight loss with 3-year follow-up between 

men and women [17]. Although our study found that women on average experienced greater 

weight loss than men, the difference was small with only 3% less weight loss in men over 

5-year follow-up.

Intriguingly, we identified a clinically insignificant difference in weight loss achieved by 

men undergoing SG versus RYGB. While female patients in our cohort experienced a 

dramatic 8% greater weight loss after RYGB compared with SG, male patients experienced 

only a 2.9% difference. The 8% difference in women in our study is similar to that noted 

in the SLEEVEPASS trial, which followed both men and women for 10 years [18]. In 

contrast, the SM-BOSS trial failed to identify a difference between SG and RYGB after 5 
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years of follow-up [19]. Neither study evaluated sex as a separate biological variable or the 

procedure-by-sex interaction. The differences in these findings raise the prospect that small, 

but perceptible differences in surgical technique impact weight loss across studies. These 

differences include sizing of the sleeve or decision on an appropriate Roux limb length. 

Given the higher risk profile for RYGB and the potential absence of a clinically meaningful 

difference in long-term weight outcome in men, this could direct some male patients to 

select SG over RYGB in the absence of any operation-specific contraindications. The caveat 

to this scenario is that even though weight loss might not differ long-term, other metabolic 

benefits of RYGB independent of weight loss could persist [20].

While studies disagree on the impact of sex on weight loss following SG and RYGB, 

diabetes has consistently been linked to less weight loss after either bariatric surgery. 

Rebelos et al. found a significant association with T2D and diminished weight loss after 

either SG or RYGB up to 5 years after surgery, with over 3 kg/m2 less decrease in BMI 

after surgery [21]. Similarly, in patients undergoing SG, Diedisheim et al. found preexisting 

diabetes status was associated with an increased risk of losing 10% or less of initial 

body weight [22]. The mechanism in which diabetes leads to diminished weight loss after 

bariatric surgery is, as of yet, undefined. As duration of diabetes and preoperative use of 

insulin signaling have been associated with lower rates of diabetes remission and weight 

loss, derangements in insulin signaling and other endocrine signaling pathways likely play a 

critical role in impacting weight loss after bariatric surgery [23,24].

Our study faces a common challenge with long-term, real-world, retrospective data analyses 

with limited follow-up [25]. At 2 years postoperatively, our follow-up was 54% and by 5 

years had decreased to only 24%. This increases the probability of unmeasured confounding 

as those who follow-up may systematically differ from those who do not. Reasons for lack 

of follow-up beyond 1 year are multifactorial including insurance coverage issues, patient 

satisfaction with weight loss or the converse, or patient relocation, to name a few [26,27]. 

The best method to prevent such missing data is to conduct prospective, well-controlled 

trials; however, these incur significant costs and face challenges with generalizability of 

findings [28]. Ultimately, despite the limited follow-up rates of our data, these data clearly 

support funding for such long-term prospective trials that ensure a diverse cohort with 

adequate follow-up rates.

This study has several limitations beyond the retrospective, observational design. First, the 

burden of comorbidities besides insulin resistance/diabetes could be unevenly distributed 

among sex or surgical type and could skew the results. However, such associated co-morbid 

disease states have not been strongly associated with differences in weight loss like with 

T2D. Second, another important factor affecting long-term weight loss that we are unable to 

assess was preoperative duration of diabetes or severity of insulin resistance/diabetes, both 

of which would impede weight loss. Third, the 5-year follow-up rate (24%) in our cohort 

was limited and may represent a selection bias, as patients who failed to follow-up as time 

progressed may systematically differ from those who we were able to collect data. Fourth, 

as we are unable to determine rates of remission of obesity-related disease states such as 

T2D and hyperlipidemia, we are unable to determine the clinical significance of the sex- and 
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operation-specific differences in weight loss. This is a result of the inconsistency of data for 

HbA1C data collected and the QES data set not collecting medication data.

Conclusion

Overall, this study adds to the growing body of literature identifying patient subtypes and 

their impact on weight loss following bariatric surgery. Namely, our study found a novel 

sex-operation interaction with weight loss over time, with women and men having different 

weight loss responses to bariatric surgery. The underlying mechanism that could explain 

this sex-dependent difference remains undefined. Future studies should focus on identifying 

the clinical relevance of these sex-specific differences as they pertain to rates of disease 

remission (e.g., T2D, hypertension, hyperlipidemia).
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Fig. 1. 
Percentage of weight loss by operation within 5 years after metabolic surgery among all 

patients.
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Fig. 2. 
Percentage of weight loss by operation within 5 years after metabolic surgery among (A) 

female and (B) male patients.

Samuels et al. Page 10

Surg Obes Relat Dis. Author manuscript; available in PMC 2024 July 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Samuels et al. Page 11

Ta
b

le
 1

C
oh

or
t b

as
el

in
e 

ch
ar

ac
te

ri
st

ic
s

C
ha

ra
ct

er
is

ti
c

To
ta

l (
n 

= 
70

98
)

F
em

al
e 

(n
 =

 5
66

9)
M

al
e 

(n
 =

 1
42

9)

R
Y

G
B

 (
n 

= 
40

64
)

SG
 (

n 
= 

16
05

)
P

 v
al

ue
R

Y
G

B
 (

n 
= 

99
3)

SG
 (

n 
= 

43
6)

P
 v

al
ue

A
ge

 (
yr

)*
45

.3
 ±

 1
0.

9
44

.9
 ±

 1
0.

7
44

.4
 ±

 1
1.

1
.1

0
47

.8
 ±

 1
0.

6
46

.7
 ±

 1
1.

2
.0

9

R
ac

e,
 n

 (
%

)
<

.0
00

1
<

.0
00

1

 
W

hi
te

57
47

 (
81

.0
)

33
93

 (
83

.5
)

11
38

 (
70

.9
)

87
2 

(8
7.

8)
34

4 
(7

8.
9)

 
B

la
ck

11
72

 (
16

.5
)

59
2 

(1
4.

6)
41

8 
(2

6.
0)

89
 (

9.
0)

73
 (

16
.7

)

 
O

th
er

s
17

9 
(2

.5
)

79
 (

1.
9)

49
 (

3.
1)

32
 (

3.
2)

19
 (

4.
4)

Pr
es

ur
ge

ry
 w

ei
gh

t (
kg

)*
13

5.
3 

±
 2

5.
9

13
1.

6 
±

 2
3.

5
12

5.
4 

±
 2

0.
6

<
.0

00
1

15
8.

0 
±

 2
6.

2
15

4.
4 

±
 2

5.
3

.0
2

Pr
es

ur
ge

ry
 B

M
I 

(k
g/

m
2 )

*
47

.9
 ±

 7
.7

48
.3

 ±
 7

.9
46

.2
 ±

 6
.8

<
.0

00
1

48
.8

 ±
 7

.8
48

.0
 ±

 7
.4

.0
6

D
ia

be
te

s 
st

at
us

, n
 (

%
)†

<
.0

00
1

<
.0

00
1

 
N

o
43

91
 (

61
.9

)
24

74
 (

60
.9

)
11

91
 (

74
.2

)
46

8 
(4

7.
1)

25
8 

(5
9.

2)

 
Y

es
27

07
 (

38
.1

)
15

90
 (

39
.1

)
41

4 
(2

5.
8)

52
5 

(5
2.

9)
17

8 
(4

0.
8)

R
Y

G
B

 =
 R

ou
x-

en
-Y

 g
as

tr
ic

 b
yp

as
s;

 S
G

 =
 s

le
ev

e 
ga

st
re

ct
om

y;
 B

M
I 

=
 b

od
y 

m
as

s 
in

de
x.

* M
ea

n 
±

 S
D

.

† D
ia

be
te

s 
st

at
us

 w
as

 d
ef

in
ed

 b
y 

In
te

rn
at

io
na

l S
ta

tis
tic

al
 C

la
ss

if
ic

at
io

n 
of

 D
is

ea
se

 (
IC

D
) 

co
de

 (
IC

D
-9

: 2
50

; I
C

D
-1

0:
 E

10
 a

nd
 E

11
).

Surg Obes Relat Dis. Author manuscript; available in PMC 2024 July 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Samuels et al. Page 12

Ta
b

le
 2

E
ff

ec
ts

 o
f 

ag
e,

 s
ex

, r
ac

e,
 p

re
op

er
at

iv
e 

bo
dy

 w
ei

gh
t a

nd
 d

ia
be

te
s 

st
at

us
, a

nd
 p

ro
ce

du
re

 c
ho

ic
e 

on
 p

er
ce

nt
ag

e 
to

ta
l w

ei
gh

t l
os

s 
at

 p
os

to
pe

ra
tiv

e 
ye

ar
s 

1,
 2

, 

an
d 

5*

M
ea

n 
w

ei
gh

t 
lo

ss
 %

 (
95

%
 C

I)
A

dj
us

te
d 

di
ff

er
en

ce
 in

 w
ei

gh
t 

lo
ss

 %
 (

95
%

 C
I)

P
 v

al
ue

 fo
r 

di
ff

er
en

ce

Y
ea

r 
1

A
ll 

pa
tie

nt
s

31
.8

 (
31

.7
, 3

1.
9)

A
ge

, p
er

 5
-y

r 
in

cr
em

en
t

−
.2

4 
(−

.3
0,

 −
.1

8)
<

.0
00

1

W
ei

gh
t, 

pe
r 

25
-k

g 
in

cr
em

en
t

.3
2 

(.
19

, .
45

)
<

.0
00

1

Fe
m

al
e

32
.1

 (
32

.0
, 3

2.
3)

R
ef

.

M
al

e
30

.3
 (

30
.1

, 3
0.

6)
−

2.
18

 (
−

2.
55

, −
1.

81
)

<
.0

00
1

W
hi

te
32

.6
 (

32
.5

, 3
2.

7)
R

ef
.

B
la

ck
28

.4
 (

28
.2

, 2
8.

7)
−

3.
91

 (
−

4.
27

, −
3.

55
)

<
.0

00
1

N
o 

di
ab

et
es

33
.2

 (
33

.0
, 3

3.
3)

R
ef

.

D
ia

be
te

s
30

.1
 (

29
.9

, 3
0.

3)
−

2.
96

 (
−

3.
24

, −
2.

68
)

<
.0

00
1

R
Y

G
B

33
.1

 (
33

.0
, 3

3.
2)

R
ef

.

V
SG

28
.4

 (
28

.2
, 2

8.
7)

−
4.

97
 (

−
5.

27
, −

4.
67

)
<

.0
00

1

Y
ea

r 
2

A
ll 

pa
tie

nt
s

32
.2

 (
32

.0
, 3

2.
3)

A
ge

, p
er

 5
-y

r 
in

cr
em

en
t

−
.1

7 
(−

.2
3,

 −
.1

1)
<

.0
00

1

W
ei

gh
t, 

pe
r 

25
-k

g 
in

cr
em

en
t

.7
2 

(.
58

, .
85

)
<

.0
00

1

Fe
m

al
e

32
.5

 (
32

.3
, 3

2.
7)

R
ef

.

M
al

e
30

.8
 (

30
.4

, 3
1.

2)
−

2.
81

 (
−

3.
20

, −
2.

42
)

<
.0

00
1

W
hi

te
33

.1
 (

32
.9

, 3
3.

3)
R

ef
.

B
la

ck
28

.6
 (

28
.2

, 2
9.

0)
−

4.
13

 (
−

4.
50

, −
3.

75
)

<
.0

00
1

N
o 

di
ab

et
es

34
.0

 (
33

.8
, 3

4.
2)

R
ef

.

D
ia

be
te

s
30

.1
 (

29
.9

, 3
0.

4)
−

3.
67

 (
−

3.
97

, −
3.

38
)

<
.0

00
1

R
Y

G
B

33
.9

 (
33

.7
, 3

4.
1)

R
ef

.

V
SG

27
.5

 (
27

.1
, 2

7.
8)

−
6.

64
 (

−
6.

95
, −

6.
32

)
<

.0
00

1

Y
ea

r 
5

A
ll 

pa
tie

nt
s

26
.8

 (
26

.5
, 2

7.
1)

A
ge

, p
er

 5
-y

r 
in

cr
em

en
t

.0
4 

(−
.0

3,
 .1

1)
.2

5

Surg Obes Relat Dis. Author manuscript; available in PMC 2024 July 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Samuels et al. Page 13

M
ea

n 
w

ei
gh

t 
lo

ss
 %

 (
95

%
 C

I)
A

dj
us

te
d 

di
ff

er
en

ce
 in

 w
ei

gh
t 

lo
ss

 %
 (

95
%

 C
I)

P
 v

al
ue

 fo
r 

di
ff

er
en

ce

W
ei

gh
t, 

pe
r 

25
-k

g 
in

cr
em

en
t

1.
90

 (
1.

74
, 2

.0
5)

<
.0

00
1

Fe
m

al
e

27
.4

 (
27

.0
, 2

7.
7)

R
ef

.

M
al

e
24

.5
 (

23
.8

, 2
5.

2)
−

3.
09

 (
−

3.
56

, −
2.

62
)

<
.0

00
1

W
hi

te
27

.6
 (

27
.3

, 2
8.

0)
R

ef
.

B
la

ck
23

.1
 (

22
.5

, 2
3.

7)
−

3.
67

 (
−

4.
12

, −
3.

22
)

<
.0

00
1

N
o 

di
ab

et
es

29
.0

 (
28

.6
, 2

9.
5)

R
ef

.

D
ia

be
te

s
24

.9
 (

24
.5

, 2
5.

2)
−

2.
83

 (
−

3.
18

, −
2.

47
)

<
.0

00
1

R
Y

G
B

28
.0

 (
27

.7
, 2

8.
3)

R
ef

.

V
SG

21
.9

 (
21

.2
, 2

2.
6)

−
6.

92
 (

−
7.

33
, −

6.
51

)
<

.0
00

1

R
ef

. =
 r

ef
er

en
ce

; R
Y

G
B

 =
 R

ou
x-

en
-Y

 g
as

tr
ic

 b
yp

as
s;

 V
SG

 =
 v

er
tic

al
 s

le
ev

e 
ga

st
re

ct
om

y.

* G
en

er
al

iz
ed

 li
ne

ar
 m

ix
ed

 m
od

el
s 

ad
ju

st
ed

 f
or

 a
ge

 (
ye

ar
s)

, p
re

op
er

at
iv

e 
bo

dy
 w

ei
gh

t (
ki

lo
gr

am
s)

, s
ex

 (
m

al
e 

ve
rs

us
 f

em
al

e)
, r

ac
e 

(B
la

ck
 v

er
su

s 
W

hi
te

),
 d

ia
be

te
s 

st
at

us
 (

di
ab

et
es

 v
er

su
s 

no
 d

ia
be

te
s)

, 
pr

oc
ed

ur
e 

(V
SG

 v
er

su
s 

R
Y

G
B

),
 ti

m
e 

(m
on

th
s,

 m
od

el
ed

 u
si

ng
 a

 s
pl

in
e 

fu
nc

tio
n 

w
ith

 k
no

ts
 a

t 0
, 1

2,
 2

4,
 3

6,
 a

nd
 6

3 
m

o)
, a

nd
 in

te
ra

ct
io

ns
 b

et
w

ee
n 

tim
e 

sp
lin

e 
an

d 
th

e 
af

or
em

en
tio

ne
d 

va
ri

ab
le

s 
gi

ve
n 

th
at

 th
ei

r 
ef

fe
ct

s 
m

ay
 c

ha
ng

e 
ov

er
 ti

m
e.

 T
he

 in
te

ra
ct

io
n 

P 
va

lu
es

 a
re

 <
.0

00
1 

fo
r 

ag
e 

* 
tim

e,
 w

ei
gh

t *
 ti

m
e,

 s
ex

 *
 ti

m
e,

 r
ac

e 
* 

tim
e,

 d
ia

be
te

s 
* 

tim
e,

 a
nd

 o
pe

ra
tio

n 
* 

tim
e.

Surg Obes Relat Dis. Author manuscript; available in PMC 2024 July 08.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Samuels et al. Page 14

Ta
b

le
 3

E
ff

ec
ts

 o
f 

se
x,

 d
ia

be
te

s 
st

at
us

, a
nd

 o
pe

ra
tio

n 
ch

oi
ce

 o
n 

pe
rc

en
ta

ge
 to

ta
l w

ei
gh

t l
os

s 
at

 p
os

to
pe

ra
tiv

e 
ye

ar
s 

1,
 2

, a
nd

 5
, s

tr
at

if
ie

d 
by

 s
ex

*

F
em

al
e 

pa
ti

en
ts

M
al

e 
pa

ti
en

ts

M
ea

n 
w

ei
gh

t 
lo

ss
 %

 (
95

%
 C

I)
A

dj
us

te
d 

di
ff

er
en

ce
 %

 (
95

%
 

C
I)

P
 v

al
ue

 fo
r 

di
ff

er
en

ce
M

ea
n 

w
ei

gh
t 

lo
ss

 %
 (

95
%

 C
I)

A
dj

us
te

d 
di

ff
er

en
ce

 %
 (

95
%

 
C

I)
P

 v
al

ue
 fo

r 
di

ff
er

en
ce

Y
ea

r 
1

N
o 

di
ab

et
es

33
.3

 (
33

.1
, 3

3.
4)

R
ef

.
32

.7
 (

32
.4

, 3
3.

1)
R

ef
.

D
ia

be
te

s
30

.6
 (

30
.4

, 3
0.

8)
−

2.
83

 (
−

3.
14

, −
2.

51
)

<
.0

00
1

28
.5

 (
28

.2
, 2

8.
8)

−
3.

47
 (

−
4.

10
, −

2.
83

)
<

.0
00

1

R
Y

G
B

33
.5

 (
33

.4
, 3

3.
7)

R
ef

.
31

.3
 (

31
.0

, 3
1.

6)
R

ef
.

V
SG

28
.6

 (
28

.3
, 2

8.
8)

−
5.

14
 (

−
5.

47
, −

4.
80

)
<

.0
00

1
27

.9
 (

27
.4

, 2
8.

5)
−

4.
31

 (
−

4.
99

, −
3.

64
)

<
.0

00
1

Y
ea

r 
2

N
o 

di
ab

et
es

34
.1

 (
33

.9
, 3

4.
4)

R
ef

.
33

.2
 (

32
.6

, 3
3.

8)
R

ef
.

D
ia

be
te

s
30

.4
 (

30
.1

, 3
0.

7)
−

3.
75

 (
−

4.
08

, −
3.

43
)

<
.0

00
1

29
.3

 (
28

.8
, 2

9.
9)

−
3.

39
 (

−
4.

07
, −

2.
72

)
<

.0
00

1

R
Y

G
B

34
.4

 (
34

.2
, 3

4.
6)

R
ef

.
31

.7
 (

31
.3

, 3
2.

1)
R

ef
.

V
SG

27
.3

 (
26

.9
, 2

7.
7)

−
7.

43
 (

−
7.

79
, −

7.
08

)
<

.0
00

1
28

.3
 (

27
.4

, 2
9.

1)
−

3.
40

 (
−

4.
11

, −
2.

68
)

<
.0

00
1

Y
ea

r 
5

N
o 

di
ab

et
es

28
.9

 (
28

.4
, 2

9.
3)

R
ef

.
30

.2
 (

28
.9

, 3
1.

5)
R

ef
.

D
ia

be
te

s
25

.8
 (

25
.3

, 2
6.

2)
−

2.
91

 (
−

3.
30

, −
2.

51
)

<
.0

00
1

22
.3

 (
21

.5
, 2

3.
1)

−
2.

43
 (

−
3.

28
, −

1.
59

)
<

.0
00

1

R
Y

G
B

28
.7

 (
28

.4
, 2

9.
1)

R
ef

.
25

.0
 (

24
.3

, 2
5.

7)
R

ef
.

V
SG

21
.6

 (
20

.9
, 2

2.
3)

−
8.

00
 (

−
8.

46
, −

7.
54

)
<

.0
00

1
22

.9
 (

21
.0

, 2
4.

8)
−

2.
88

 (
−

3.
79

, −
1.

98
)

<
.0

00
1

R
ef

. =
 r

ef
er

en
ce

; R
Y

G
B

 =
 R

ou
x-

en
-Y

 g
as

tr
ic

 b
yp

as
s;

 V
SG

 =
 v

er
tic

al
 s

le
ev

e 
ga

st
re

ct
om

y.

* G
en

er
al

iz
ed

 li
ne

ar
 m

ix
ed

 m
od

el
s 

ad
ju

st
ed

 f
or

 a
ge

 (
ye

ar
s)

, p
re

op
er

at
iv

e 
bo

dy
 w

ei
gh

t (
ki

lo
gr

am
s)

, r
ac

e 
(B

la
ck

 v
er

su
s 

W
hi

te
),

 d
ia

be
te

s 
st

at
us

 (
di

ab
et

es
 v

er
su

s 
no

 d
ia

be
te

s)
, p

ro
ce

du
re

 (
V

SG
 v

er
su

s 
R

Y
G

B
),

 
tim

e 
(m

on
th

s,
 m

od
el

ed
 u

si
ng

 a
 s

pl
in

e 
fu

nc
tio

n 
w

ith
 k

no
ts

 a
t 0

, 1
2,

 2
4,

 3
6,

 a
nd

 6
3 

m
o)

, a
nd

 in
te

ra
ct

io
ns

 b
et

w
ee

n 
tim

e 
sp

lin
e 

an
d 

th
e 

af
or

em
en

tio
ne

d 
va

ri
ab

le
s.

Surg Obes Relat Dis. Author manuscript; available in PMC 2024 July 08.


	Abstract
	Methods
	Study population and data extraction
	Body weight and follow-up determination
	Statistical analysis and data visualization

	Results
	Cohort characteristics and follow-up
	Weight loss outcomes
	Effect of sex and procedure type on weight loss
	Effect of age, initial body weight, and race
	Effect of diabetes history

	Discussion
	Conclusion
	References
	Fig. 1.
	Fig. 2.
	Table 1
	Table 2
	Table 3

