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Abstract
Background/Objective The effect of bariatric surgery in renal function varies and the postoperative benefit time point remains 
unclear. We aim to assess the changes of renal function after bariatric surgery (BS) in different postoperative periods and subgroups.
Methods We searched the databases of PubMed and Cochrane from inception to December 14, 2020. Articles included 
in the study were drawn from all recipients of BS that provided assessments of renal function pre and post-surgery. Meta-
analysis was performed to compare glomerular filtration rate (GFR), serum creatinine, albumin-to-creatinine ratio (ACR), 
and albuminuria before and after BS.
Results The study included 49 articles involving 8515 patients. Compared with pre-operative renal function, the overall 
analysis showed that bariatric surgery significantly reduced serum creatinine levels, ACR, and albuminuria. There was sig-
nificant increase of GFR in the CKD subgroup, yet a noticeable decrease in the hyperfiltration subgroup. The most significant 
improvement in GFR was seen 6–12 months after BS, while ACR dropped most dramatically 12–24 months after BS.
Conclusions Bariatric surgery can improve renal function in obese patients with kidney dysfunction, especially 1 year after surgery.
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Introduction

Obesity is a serious risk factor for the occurrence and devel-
opment of chronic kidney disease (CKD). Obesity not only 
indirectly increases the risk of CKD through diabetes and 

hypertension, but also directly affects renal function and struc-
ture [1]. The high filtration rate caused by obesity gradually 
decreased, along with the development of obesity-related renal 
damaged, and eventually developed into end-stage renal disease 
[2]. In the setting of obesity, the main clinical manifestations of 
kidney disease were proteinuria, albuminuria, hyperfiltration, or 
decreased glomerular filtration rate [3].

Bariatric surgery is one of the most effective treatments 
to maintain long-term weight loss. The obesity-related 
complications are significantly improved after BS such as 

Key Points
• Bariatric surgery can improve renal function only in obese 
patients with kidney dysfunction.
• Renal function improved most after 1 year of bariatric surgery.
• Compared with RYGB (Roux-en-Y gastric bypass), patients 
received SG (sleeve gastrectomy) benefited more in the reduction 
of serum creatinine.
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hypertension, dyslipidemia, and diabetic complications and 
and [4–6]. The improvement of these complications will 
have a positive effect on the kidney theoretically. Several 
previous studies have also showed that BS can improve renal 
function [7–9]. However, in other studies, BS is regarded as 
a risk factor to acute kidney damage and is associated with 
hyperoxaluria which can lead to kidney stone formation and 
renal insufficiency [10, 11]. Therefore, the effect of bariatric 
surgery on renal function remains controversial.

There are some previous meta-analysis of the effect of 
BS on renal function. However, these studies were limited 
to the analysis of single renal function indicators or spe-
cific patients such as patients with T2D or CKD [12–14]. 
Moreover, these meta-reviews did not compare the impact 
of bariatric surgery on renal function between different 
BS methods or different follow-up stages. Several impor-
tant studies with larger sample size were reported recently 
regarding the changes in pre- and post-operative renal 
function, which may provide further evidence for the 
influence of BS on renal function [9, 15–18]. Therefore, 
we included the latest relevant literature and more evalu-
ation index of renal function to conduct a more compre-
hensive meta-analysis of the influence of BS on renal 
function.

Materials and Methods

Search Strategy

Two authors independently searched published studies 
indexed in the databases of PubMed and Cochrane from 
inception to December 14, 2020. The search keywords are as 
follows: bariatric surgery, metabolic surgery, gastric bypass, 
gastric banding, Roux-en-Y gastric bypass (RYGB), sleeve 
gastrectomy (SG), renal function, renal outcomes, glomer-
ular filtration rate, serum creatinine, creatinine clearance, 
albuminuria, 24-h urine albumin excretion rate, and urine 
albumin-to-creatinine ratio.

Study Selection

We screened all the articles that participants received bari-
atric surgery and reported renal function indexes before and 
after surgery. The renal function indexes included GFR, 
serum creatinine, albuminuria, and ACR. The bariatric 
surgery mainly included RYGB and SG, but not limited 
to these two types of surgery. The patients did not have 
specific limits if the participants met the bariatric surgical 
indications. Reviews, case reports, or meta-analysis was 
excluded. Articles that had no follow-up rate, no available 
data, or based on the same study population were excluded.

Data Extraction and Synthesis

This review included all published randomized controlled 
trials or observational studies that assessed the change of 
GFR, serum creatinine, albuminuria, and ACR after BS. The 
pre- and post-surgery mean values with standard deviation 
(or standard error) of those renal function indexes were col-
lected and included in the analysis. The continuous data pro-
vided in some studies were median and interquartile ranges, 
which were inconsistent with other articles, so they were not 
included in the analysis. For articles that reported renal func-
tion indexes at multiple follow-up time, we selected the data 
of the longest follow-up to analysis; only in subgroup analy-
sis based on different follow-up periods after bariatric sur-
gery, we included the date of all follow-up time reported in 
the article. The information of study design, baseline clinical 
characteristics of the study population, type of surgery, and 
duration of follow-up were extracted in all included articles.

Quality Assessment

Two authors assessed the study quality for all included obser-
vational studies using the Newcastle–Ottawa scale (NOS). A 
total score of 3 or less was considered poor quality. We excluded 
studies from our meta-analysis if they had poor quality. Discrep-
ant opinions were resolved by consultation between all authors.

Statistical Analysis

All statistical analyses were performed using ReviewManager 
version 5.3. We used a random-effects model for meta-analysis 
and expressed treatment effects as a risk ratio with 95% confi-
dence intervals (CI) for dichotomous outcomes and mean dif-
ference with 95% CI for continuous outcomes. An I2 > 50% 
indicated a large heterogeneity not explained by chance.

Results

Description of Included Studies

1585 studies were cited as relevant articles after data-
base searching. Repeated, unreported renal function, case 
reports, reviews, or meta-analysis was excluded after read-
ing the title and abstract. Sixty-one articles were screened 
for intensive reading. Twelve articles were excluded 
because of no follow-up rate, no available data, or based 
on the same study population. Finally, 49 studies were 
incorporated into the meta-analysis [7–9, 16–61]. A flow 
diagram displaying the process of selecting the included 
studies is illustrated in Fig. 1. And the baseline study and 
patients’ characteristics are outlined in Table 1.
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Quality Assessment of Included Studies

Newcastle–Ottawa scale was used to evaluate the quality 
of the included studies. Total score of each document 
ranges from 4 to 9. And the total score of all studies was 
not less than 3 (3 represents low quality). Totally 49 stud-
ies were all incorporated into the meta-analysis.

Meta‑analysis Results

GFR

GFR was assessed in 33 out of 49 studies pre- and post-
operative; 6 articles were excluded because their results were 
inconsistent with other studies. GFR increased after BS in 22 
out of 27 studies, while decreased in the remaining 5 stud-
ies. Twenty-seven studies involving 3157 patients were inte-
grated into meta-analysis of GFR. There was no significant 

difference in GFR changes after BS in the analysis between 
the overall group (MD, 3.08 ml/min/1.73  m2; 95% CI, − 1.35 
to + 7.52 ml/min/1.73  m2) and the normal GFR subgroup 
(90 ≤ GFR ≤ 120) (MD, 0.44 ml/min/1.73  m2; 95% CI, − 3.46 
to + 4.35 ml/min/1.73  m2) (Fig. 2). However, with GFR < 90 
subgroup (CDK subgroup), the post-operative GFR increased 
by 13.81  ml/min/1.73  m2 (95% CI, 10.31 to 17.32  ml/
min/1.73  m2). For the GFR > 120 subgroup (hyperfiltration 
subgroup), the post-operative GFR decreased by 9.61 (95% 
CI, − 16.31 to − 2.91 ml/min/1.73  m2) (Fig. 2). Also, there 
was no statistically significant of the pre- and post-operative 
changes in GFR, with or without diabetes, no matter how the 
surgical technique (RYGB, SG, or LAGB) had been taken 
(Supplemental Fig. 1). There was a biggest increase of GFR 
(MD 14.27 ml/min/1.73  m2) in 6–12 months after BS. Post-
operative GFR of 6 months, 2 years, and 5–10 years increased 
9.53, 7.37, and 6.02 ml/min/1.73  m2, respectively (Fig. 7A 
and Supplemental Fig. 2).

Fig. 1  Flowchart of the selec-
tion process

4472 Obesity Surgery  (2021) 31:4470–4484



Ta
bl

e 
1 

 G
en

er
al

 c
ha

ra
ct

er
ist

ic
s o

f i
nc

lu
de

d 
stu

di
es

St
ud

y
C

ou
nt

ry
D

es
ig

n
Su

rg
ic

al
 te

ch
-

ni
qu

e
N

o.
 o

f p
at

ie
nt

s
Fe

m
al

e
A

ge
B

as
el

in
e 

B
M

I
Fo

llo
w

-u
p

Re
na

l p
ar

am
-

et
er

s a
ss

es
se

d
G

FR
 m

et
ho

d

K
ha

lil
 e

t a
l. 

[1
9]

M
an

so
ur

a,
 

Eg
yp

t
Pr

os
pe

ct
iv

e 
ob

se
rv

at
io

na
l

LS
G

44
29

32
.5

 ±
 8.

9
50

.6
 ±

 6.
7

6 
m

M
ic

ro
al

bu
m

i-
nu

ria
, e

G
FR

, 
se

ru
m

 c
re

at
i-

ni
ne

CK
D

-E
PI

K
im

 a
nd

 K
im

 
[8

]
Se

ou
l, 

K
or

ea
Re

tro
sp

ec
tiv

e 
ob

se
rv

at
io

na
l

RY
G

B
, S

G
13

6
10

1
35

.9
 ±

 11
.2

39
.9

 ±
 6.

3
1 

y
eG

FR
, U

A
C

R
, 

U
PC

R
, m

ic
ro

-
al

bu
m

in
ur

ia
, 

cr
ea

tin
in

e

M
D

R
D

: t
he

 M
od

i-
fic

at
io

n 
of

 D
ie

t 
in

 R
en

al
 D

is
ea

se
 

fo
rm

ul
a

M
cI

sa
ac

 e
t a

l. 
[1

7]
Sa

sk
at

oo
n,

 
C

an
ad

a
O

bs
er

va
tio

na
l 

re
tro

sp
ec

tiv
e 

co
ho

rt

RY
G

B
, L

SG
47

1
38

0
46

 ±
 10

47
.7

 ±
 7.

8
1–

2 
y

uA
C

R
, e

G
FR

, 
al

bu
m

in
ur

ia
CK

D
-E

PI

Fr
ie

dm
an

 e
t a

l. 
[1

8]
U

SA
Pr

os
pe

ct
iv

e 
ob

se
rv

at
io

na
l

RY
G

B
, L

A
G

B
, 

ot
he

rs
73

7
52

0
52

 (4
4,

 5
8)

46
 (4

2,
 5

2)
5 

y
eG

FR
, U

A
C

R
, 

al
bu

m
in

ur
ia

CK
D

-E
PI

 e
qu

a-
tio

n
B

jo
rn

st
ad

 e
t a

l. 
[1

6]
U

SA
Pr

os
pe

ct
iv

e 
ob

se
rv

at
io

na
l

RY
G

B
55

7
42

2
/

/
1–

5 
y

eG
FR

, U
A

C
R

 
FA

S 
co

m
bi

ne
d 

se
ru

m
 c

re
at

in
in

e 
an

d 
cy

st
at

in
 C

 
eq

ua
tio

n
B

rix
 e

t a
l. 

[2
0]

V
ie

nn
a,

 A
us

tri
a

C
ro

ss
-s

ec
tio

na
l/

lo
ng

itu
di

na
l 

in
te

rv
en

tio
n

RY
G

B
, S

G
, G

B
31

8
24

5
40

 ±
 12

45
.6

 ±
 6.

6
2 

y
A

lb
um

in
ur

ia
, 

cr
ea

tin
in

e
/

Sa
ee

d 
et

 a
l. 

[9
]

N
ew

 Y
or

k,
 U

SA
Re

tro
sp

ec
tiv

e
RY

G
B

, S
G

22
47

20
00

37
 (1

8–
76

)
45

 ±
 7

3 
y

eG
FR

, U
A

C
R

, 
al

bu
m

in
ur

ia
, 

cr
ea

tin
in

e

N
A

Yo
un

g 
et

 a
l. 

[2
1]

U
SA

Re
tro

sp
ec

tiv
e

RY
G

B
, S

G
10

1
56

53
 (±

 11
)

33
.8

 (±
 8.

3)
61

 (±
 29

) m
A

lb
um

in
ur

ia
, 

uA
C

R
, s

er
um

 
cr

ea
tin

in
e

/

Pa
rk

 e
t a

l. 
[2

2]
Se

ou
l, 

So
ut

h 
K

or
ea

Pr
os

pe
ct

iv
e 

co
ho

rt 
stu

dy
RY

G
B

, S
G

43
40

32
 (2

6–
45

)
36

.9
 (3

4.
0–

42
.8

)
6 

m
eG

FR
, u

A
C

R
, 

se
ru

m
 c

re
at

i-
ni

ne

CK
D

-E
PI

B
ill

et
er

 e
t a

l. 
[2

3]
G

er
m

an
Pr

os
pe

ct
iv

e
RY

G
B

20
10

58
.6

 ±
 6.

1
32

.8
 ±

 2.
1

1–
2 

y
eG

FR
, U

A
C

R
, 

se
ru

m
 c

re
at

i-
ni

ne
, c

ys
ta

tin
 

C
, C

K
D

-E
PI

 
cr

ea
tin

in
e-

cy
st

at
in

 C
 

cl
ea

ra
nc

e

M
D

R
D

N
eh

us
 e

t a
l. 

[2
4]

U
SA

Pr
os

pe
ct

iv
e 

m
ul

tic
en

te
r

RY
G

B
, S

G
, 

LA
G

B
24

2
18

3
17

.1
50

.5
 (4

5.
2,

 5
8.

3)
6 

m
–3

 y
eG

FR
, a

lb
um

i-
nu

ria
, A

C
R

 
C

ys
ta

tin
 C

-b
as

ed
 

La
rs

so
n 

fo
rm

ul
a

N
eff

 e
t a

l. 
[2

5]
Li

lle
, F

ra
nc

e
Pr

os
pe

ct
iv

e 
co

ho
rt 

stu
dy

RY
G

B
, L

A
G

B
46

1
36

4
43

 ±
 1 

(R
Y

G
B

)/4
1 ±

 1 
(L

A
G

B
)

50
 ±

 1 
(R

Y
G

B
)/4

7 ±
 1 

(L
A

G
B

)

1–
5 

y
eG

FR
M

D
R

D
, C

K
D

-
EP

I, 
C

oc
kc

ro
ft-

G
au

lt 
fo

rm
ul

ae

4473Obesity Surgery  (2021) 31:4470–4484



Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y
C

ou
nt

ry
D

es
ig

n
Su

rg
ic

al
 te

ch
-

ni
qu

e
N

o.
 o

f p
at

ie
nt

s
Fe

m
al

e
A

ge
B

as
el

in
e 

B
M

I
Fo

llo
w

-u
p

Re
na

l p
ar

am
-

et
er

s a
ss

es
se

d
G

FR
 m

et
ho

d

H
ol

co
m

b 
et

 a
l. 

[7
]

U
SA

Re
tro

sp
ec

tiv
e

RY
G

B
, S

G
14

9
12

6
44

.3
 ±

 10
.9

48
.7

 ±
 9.

1
2 

y
eG

FR
, s

er
um

 
cr

ea
tin

in
e

CK
D

-E
PI

G
ar

ci
a 

et
 a

l. 
[2

6]
B

ra
zi

l
Pr

os
pe

ct
iv

e 
co

ho
rt 

stu
dy

RY
G

B
10

9
84

38
.3

 ±
 10

.3
36

.7
 ±

 3.
6

1 
y

eG
FR

, s
er

um
 

cr
ea

tin
in

e
CK

D
-E

PI

So
lin

i e
t a

l. 
[2

7]
Ita

ly
Pr

os
pe

ct
iv

e
RY

G
B

25
19

46
.7

 ±
 12

.9
44

.8
 ±

 6.
0

1 
y

C
re

at
in

in
e,

 
eG

FR
, m

G
FR

eG
FR

: C
K

D
-E

PI
, 

m
G

FR
: p

la
sm

a 
io

he
xo

l c
le

ar
-

an
ce

H
un

g 
et

 a
l. 

[2
8]

Ta
iw

an
, C

hi
na

Re
tro

sp
ec

tiv
e 

co
ho

rt 
stu

dy
RY

G
B

, S
G

, 
O

th
er

s
25

2
13

9
40

.5
 ±

 11
.2

39
.0

 ±
 5.

5
1 

y
eG

FR
, s

er
um

 
cr

ea
tin

in
e

CK
D

-E
PI

H
ou

 e
t a

l. 
[2

9]
C

hi
na

Re
tro

sp
ec

tiv
e

RY
G

B
, S

G
, 

LA
G

B
, 

m
in

iG
B

23
3

18
4

33
.1

 ±
 9.

7
39

.5
 ±

 9.
7

1 
y

C
re

at
in

in
e,

 
eG

FR
M

D
R

D
 4

-v
ar

ia
bl

e 
fo

rm
ul

a

M
ira

jk
ar

 e
t a

l. 
[3

0]
U

K
Re

tro
sp

ec
tiv

e 
co

ho
rt

RY
G

B
, S

G
, 

LA
G

B
16

3
10

9
48

.5
 ±

 8.
8

50
.8

 ±
 9.

1
1.

3 
9.

9 
y

eG
FR

M
D

R
D

Re
id

 e
t a

l. 
[3

1]
U

SA
Re

tro
sp

ec
tiv

e
RY

G
B

, S
G

15
8

14
5

40
.8

 ±
 0.

9
47

.0
 ±

 0.
6

1 
y

C
re

at
in

in
e,

 
eG

FR
, U

A
C

R
 

C
G

 fo
rm

ul
a 

m
od

ifi
ed

 fo
r 

ob
es

e 
su

bj
ec

ts
 

us
in

g 
le

an
 b

od
y 

w
ei

gh
t

Fe
ns

ke
 e

t a
l. 

[3
2]

U
K

Pr
os

pe
ct

iv
e

RY
G

B
, S

G
, 

LA
G

B
34

29
35

–5
4 

y
44

.6
 ±

 0.
9

1 
y

C
re

at
in

in
e,

 c
ys

-
ta

tin
 C

, e
G

FR
, 

U
A

C
R

 

M
D

R
D

N
av

an
ee

th
an

 
an

d 
Ye

hn
er

t 
[3

3]

U
SA

Re
tro

sp
ec

tiv
e

A
ny

 fo
rm

25
18

51
.5

 ±
 7.

4
49

.8
 ±

 7.
5

6–
12

 m
C

re
at

in
in

e,
 

eG
FR

M
D

R
D

 4
-v

ar
ia

bl
e 

fo
rm

ul
a

D
e 

Pa
ul

a 
et

 a
l. 

[3
4]

B
ra

zi
l

Pr
os

pe
ct

iv
e 

RC
T 

SG
38

11
53

.3
 ±

 7.
7

28
.9

 ±
 3.

2
 >

 2 
y

A
lb

um
in

ur
ia

/

Za
ka

ria
 e

t a
l. 

[3
5]

M
ila

no
, I

ta
ly

Re
tro

sp
ec

tiv
e

A
G

B
20

17
44

.7
 ±

 9.
5

42
.8

 ±
 4.

9
13

.8
 ±

 2.
04

 y
eG

FR
, c

re
at

in
in

e
N

A

N
go

h 
et

 a
l. 

[3
6]

Si
ng

ap
or

e
Re

tro
sp

ec
tiv

e
G

B
, S

G
68

44
40

.7
 ±

 10
.8

41
.9

 ±
 5.

7
1 

y
C

re
at

in
in

e,
 

eG
FR

CK
D

-E
PI

, C
G

-
LB

W
, a

G
FR

 
(a

bs
ol

ut
e 

G
FR

) =
 eG

FR
 b

y 
CK

D
-E

PI
xB

SA
M

ira
s e

t a
l. 

[3
7]

Lo
nd

on
, U

K
Pr

os
pe

ct
iv

e 
ca

se
–c

on
tro

l
RY

G
B

70
17

50
.7

 ±
 1.

0
43

.6
 (4

0.
6–

49
.7

)
12

–1
8 

m
uA

C
R

 
/

C
ha

gn
ac

 e
t a

l. 
[3

8]
Is

ra
el

Pr
os

pe
ct

iv
e 

co
ho

rt
G

as
tro

pl
as

ty
8

4
36

 ±
 2

48
.0

 ±
 2.

4
12

–1
7 

m
m

G
FR

In
ul

in
 c

le
ar

an
ce

4474 Obesity Surgery  (2021) 31:4470–4484



Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y
C

ou
nt

ry
D

es
ig

n
Su

rg
ic

al
 te

ch
-

ni
qu

e
N

o.
 o

f p
at

ie
nt

s
Fe

m
al

e
A

ge
B

as
el

in
e 

B
M

I
Fo

llo
w

-u
p

Re
na

l p
ar

am
-

et
er

s a
ss

es
se

d
G

FR
 m

et
ho

d

Zh
an

g 
et

 a
l. 

[3
9]

C
hi

na
Re

tro
sp

ec
tiv

e
RY

G
B

10
1

45
47

.6
 ±

 11
.9

30
.5

 ±
 3.

05
 

(D
N

1)
; 

30
.1

 ±
 2.

89
 

(D
N

2)
; 

31
.7

 ±
 3.

86
 

(D
N

3)
; 

31
.7

2 ±
 3.

20
 

(D
N

4)

1 
y

m
G

FR
, A

C
R

, 
24

-h
 a

lb
lu

m
i-

nu
ria

, s
er

um
 

cr
ea

tin
in

e

99
m

Tc
-D

TP
A

St
ep

he
ns

on
 e

t a
l. 

[4
0]

A
us

tra
lia

Re
tro

sp
ec

tiv
e

LA
G

B
23

11
58

 ±
 9

40
.1

 ±
 5.

4
3 

y
uA

C
R

 
/

A
bo

uc
ha

cr
a 

et
 a

l. 
[4

1]
U

ni
te

d 
A

ra
b 

Em
ira

te
s

Re
tro

sp
ec

tiv
e 

co
ho

rt
B

ar
ia

tri
c 

su
rg

er
y

22
0

14
5

34
.7

 ±
 10

47
 ±

 9
6 

m
eG

FR
, c

re
at

in
in

e
M

D
R

D
, C

K
D

-E
PI

A
m

or
 e

t a
l. 

[4
2]

Sp
ai

n
Pr

os
pe

ct
iv

e
RY

G
B

, S
G

25
5

0.
71

45
.6

 ±
 10

.6
47

.7
 ±

 6
2 

y
U

A
C

R
, c

re
at

i-
ni

ne
/

D
eP

au
la

 e
t a

l. 
[4

3]
B

ra
zi

l
N

A
II

-D
SG

69
22

51
.4

 ±
 5.

6
25

.7
 ±

 1.
9

 >
 1 

y
M

ic
ro

al
bu

m
i-

nu
ria

/

G
et

ty
 e

t a
l. 

[4
4]

U
SA

Pr
os

pe
ct

iv
e

RY
G

B
37

30
47

 ±
 11

47
.6

 ±
 6.

3
6 

m
C

re
at

in
in

e,
 

eG
FR

M
D

R
D

, c
re

at
i-

ni
ne

 c
le

ar
an

ce
, 

C
oc

kc
ro

ft-
G

au
lt 

eq
ua

tio
n

Sa
lib

a 
et

 a
l. 

[4
5]

U
SA

Pr
os

pe
ct

iv
e

RY
G

B
35

31
T2

D
M

, 4
5 ±

 9;
 

no
n-

T2
D

M
, 

42
 ±

 10

T2
D

M
, 4

7 ±
 8;

 
no

n-
T2

D
M

, 
48

 ±
 8

12
 m

C
re

at
in

in
e,

 
eG

FR
, 

pr
ot

ei
nu

ria
, 

al
bu

m
in

ur
ia

C
re

at
in

in
e 

cl
ea

r-
an

ce
 (2

4-
h 

ur
in

e 
cr

ea
tin

in
e,

 
pl

as
m

a 
cr

ea
ti-

ni
ne

)
Ze

ve
 e

t a
l. 

[4
6]

B
ra

zi
l

Pr
os

pe
ct

iv
e 

co
ho

rt
RY

G
B

17
10

M
ea

n 
44

.9
44

.3
 ±

 1.
3

12
 m

C
rc

l, 
pr

ot
ei

nu
ria

, 
m

ic
ro

al
bu

m
i-

nu
ria

C
re

at
in

in
e 

cl
ea

r-
an

ce

Lu
ac

es
 e

t a
l. 

[4
7]

Sp
ai

n
Pr

os
pe

ct
iv

e
RY

G
B

, t
ub

ul
ar

 
ga

str
ec

to
m

y
61

50
41

.1
 ±

 9.
8

47
.4

 ±
 5

12
 m

C
re

at
in

in
e,

 
eG

FR
C

G
-L

BW
 e

qu
a-

tio
n

Jo
se

 e
t a

l. 
[4

8]
U

K
Re

tro
sp

ec
tiv

e
B

PD
25

17
42

.8
 ±

 11
.3

57
.3

 ±
 12

.6
3.

9 
ye

ar
s (

2–
6)

C
re

at
in

in
e,

 
eG

FR
M

D
R

D

M
oh

an
 e

t a
l. 

[4
9]

U
SA

Re
tro

sp
ec

tiv
e

RY
G

B
38

34
41

 ±
 10

.3
46

 ±
 8

1 
m

uA
C

R
 

/

N
av

an
ee

th
an

 
et

 a
l. 

[5
0]

U
SA

Pr
os

pe
ct

iv
e

RY
G

B
, S

G
, 

LA
G

B
15

6
51

.2
 ±

 14
.3

48
.8

 ±
 9.

4
6 

m
C

re
at

in
in

e,
 c

ys
-

ta
tin

 C
, U

A
C

R
 

/

4475Obesity Surgery  (2021) 31:4470–4484



Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y
C

ou
nt

ry
D

es
ig

n
Su

rg
ic

al
 te

ch
-

ni
qu

e
N

o.
 o

f p
at

ie
nt

s
Fe

m
al

e
A

ge
B

as
el

in
e 

B
M

I
Fo

llo
w

-u
p

Re
na

l p
ar

am
-

et
er

s a
ss

es
se

d
G

FR
 m

et
ho

d

Fr
ie

dm
an

 e
t a

l. 
[5

1]
U

SA
Pr

os
pe

ct
iv

e
N

ot
 m

en
tio

ne
d

36
28

50
 ±

 11
46

 ±
 9

M
ea

n 
10

 m
C

re
at

in
in

e,
 c

ys
-

ta
tin

 C
, m

G
FR

, 
eG

FR

m
G

FR
: p

la
sm

a 
io

he
xo

l c
le

ar
-

an
ce

; e
G

FR
: 

M
D

R
D

, 
CK

D
-E

PI
cr

ea
t, 

CK
D

-E
PI

cy
stC

, 
CK

D
-E

PI
cr

ea
t-

cy
stC

Li
es

ke
 e

t a
l. 

[5
2]

U
SA

Pr
os

pe
ct

iv
e 

co
ho

rt 
stu

dy
RY

G
B

, B
PD

11
11

49
.5

 ±
 11

.5
45

.7
 ±

 5.
0

12
 m

m
G

FR
 (i

ot
ha

la
-

m
at

e 
cl

ea
r-

an
ce

), 
eG

FR
 

(C
K

D
-E

PI
), 

C
rc

l

m
G

FR
: i

ot
ha

la
-

m
at

e 
cl

ea
ra

nc
e,

 
eG

FR
: C

K
D

-
EP

I

Ru
iz

-T
ov

ar
 e

t a
l. 

[5
3]

Sp
ai

n
Pr

os
pe

ct
iv

e
LS

G
50

44
49

.2
 ±

 6.
4

48
.4

 ±
 7.

7
12

 m
C

re
at

in
in

e,
 

eG
FR

M
D

R
D

N
av

ar
ro

-D
ia

z 
et

 a
l. 

[5
4]

Sp
ai

n
Pr

os
pe

ct
iv

e 
co

n-
tro

lle
d 

stu
dy

Fo
bi

 p
ou

ch
 

G
B

, v
er

tic
al

-
ba

nd
ed

 g
as

tro
-

pl
as

ty

61
37

41
.1

0 ±
 9.

07
53

.6
2 ±

 9.
65

2 
y

C
re

at
in

in
e,

 
eG

FR
, 

pr
ot

ei
nu

ria
, 

al
bu

m
in

ur
ia

C
re

at
in

in
e 

cl
ea

r-
an

ce

Pa
lo

m
ar

 e
t a

l. 
[5

5]
Sp

ai
n

Pr
os

pe
ct

iv
e

B
PD

35
6

40
.1

 ±
 11

.6
46

.9
 ±

 6.
3

12
 m

Pr
ot

ei
nu

ria
, 

al
bu

m
in

ur
ia

/

Ia
co

ne
lli

 e
t a

l. 
[5

6]
Ita

ly
C

as
e–

co
nt

ro
l

B
PD

22
12

43
.8

 ±
 8.

3
50

.4
7 ±

 8.
46

10
 y

24
-h

 a
lb

um
in

u-
ria

, c
re

at
in

in
e

/

H
en

eg
ha

n 
et

 a
l. 

[5
7]

U
SA

Re
tro

sp
ec

tiv
e 

co
ho

rt
RY

G
B

, S
G

, 
A

G
B

52
39

51
.2

 ±
 10

.1
49

 ±
 8.

7
5 

y
24

-h
 a

lb
lu

m
i-

nu
ria

, u
A

C
R

, 
cr

ea
tin

in
e

/

C
el

ik
 e

t a
l. 

[5
8]

N
et

he
rla

nd
s

Re
tro

sp
ec

tiv
e

RY
G

B
33

31
45

.2
 ±

 8.
5

44
.6

 ±
 5.

4
21

 m
A

C
R

, 2
4-

h 
al

bl
um

in
ur

ia
/

Sc
hu

ste
r e

t a
l. 

[5
9]

U
SA

Re
tro

sp
ec

tiv
e

RY
G

B
81

3
62

6
45

 ±
 10

N
A

 ≥
 2 

y
C

re
at

in
in

e
/

A
gr

aw
al

 e
t a

l. 
[6

0]
U

SA
Re

tro
sp

ec
tiv

e
RY

G
B

94
72

45
.6

 ±
 10

.5
49

.1
 ±

 8.
0

12
 m

C
re

at
in

in
e,

 
U

A
C

R
 

/

Se
rp

a 
N

et
o 

et
 a

l. 
[6

1]
B

ra
zi

l
Re

tro
sp

ec
tiv

e
RY

G
B

14
0

96
18

–6
0

46
.1

7 ±
 5.

44
8 

m
C

re
at

in
in

e,
 

eG
FR

, 
pr

ot
ei

nu
ria

, 
al

bu
m

in
ur

ia

C
re

at
in

in
e 

cl
ea

r-
an

ce
 (2

4-
h 

ur
in

e 
cr

ea
tin

in
e,

 
pl

as
m

a 
cr

ea
ti-

ni
ne

)

4476 Obesity Surgery  (2021) 31:4470–4484



4477Obesity Surgery  (2021) 31:4470–4484



Serum Creatinine

A total of 33 studies reported before-and-after changes on 
serum creatinine; 5 articles were excluded due to their data 

were not compatible with other studies. The concentration 
of serum creatinine decreased in the overall group after BS 
(MD, − 0.07 mg/dl; 95% CI, − 0.09 to − 0.05 mg/dl). Only 
GFR > 90 subgroup (no CKD subgroup), serum creati-
nine increased by 0.02 mg/dl (95% CI, 0.00 to + 0.04 mg/
dl) (Fig.  3). Compared with RYGB (MD, − 0.08  mg/
dl; 95% CI, − 0.15 to 0.00 mg/dl), SG (MD, − 0.13 mg/

Fig. 2  Forest plot comparing GFR between presurgery and postsurgery◂

Fig. 3  Forest plot comparing creatinine between presurgery and postsurgery
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dl; 95% CI, − 0.18 to − 0.08  mg/dl) has better effect in 
reducing serum creatinine (Supplemental Fig. 3). There 
was no significant difference in pre- and post-operative 
changes of serum creatinine between the two groups of 
patients with and without diabetes (Supplemental Fig. 3). 
Although creatinine dropped the most in 3–5 years after BS 
(MD, − 0.11 mg/dl; 95% CI, − 0.16 to − 0.07 mg/dl), it was 
no significantly decrease (p = 0.27) in the following period: 
6 months (MD, − 0.08 mg/dl; 95% CI, − 0.12 to − 0.04 mg/
dl), 1 year (MD, − 0.06 mg/dl; 95% CI, − 0.09 to − 0.03 mg/
dl), or 2 years follow-up (MD, − 0.06 mg/dl; 95% CI, − 0.14 
to − 0.03 mg/dl) (Fig. 7B and Supplemental Fig. 4).

ACR 

Only 8 studies with available data were for ACR out of 49 
included studies. ACR be slightly increased in 2 out of 8 
studies, while reduced in the remaining 6 studies. It had 
been decreased in the overall group (MD, − 12.46 mg/g; 95% 
CI, − 20.11 to − 4.82 mg/g) (Fig. 4) and all subgroups after 
BS. Reductions in ACR were seen after RYGB or SG and in 
patients with or without diabetes (Supplemental Fig. 5). There 
was no significant difference in pre- and post-operative changes 

of ACR for all subgroups. It also declined most significantly at 
1 year (MD, − 18.03 mg/g; 95% CI, − 27.35 to − 8.71 mg/g) and 
2 years (MD, − 18.20 mg/g; 95% CI, − 29.20 to − 7.19 mg/g) 
after BS (Fig. 7C and Supplemental Fig. 6).

Albuminuria

Twenty-three out of 49 studies had albuminuria inspection 
pre- and post-operative. It had significantly improved in all 
other studies except for one that did not change. There was a 
statistically significant reduction in the incidence of albumi-
nuria after bariatric surgery (RR: 0.40, 95% CI: 0.31–0.51, 
p < 0.0001; I2 = 71%) (Fig. 5). A decrease in albuminuria 
was noted after BS (MD, − 14.17 mg/day; 95% CI, − 22.59 
to − 5.76 mg/day) (Fig. 6).

Discussion

Evidence from this meta-analysis shows an improvement 
in renal function after bariatric surgery. First, although the 
change of GFR was inconsistent in all included studies, it 
decreased in patients with hyperfiltration while increased 

Fig. 4  Forest plot comparing ACR between presurgery and postsurgery

Fig. 5  Forest plot comparing albuminuria between presurgery and postsurgery
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in patients with reduced eGFR (CKD). Second, serum cre-
atinine level decreased significantly after BS in the over-
all group, while it increased slightly in the subgroup with 
GFR > 90. But it still keeps in the normal range. Third, data 
on changes pre- and post-operative indicated that ACR and 
albuminuria decreased significantly after bariatric surgery. 
Fourth, renal function improved the most in 1–2 years after 
bariatric surgery (Fig. 7).

GFR is the product of functional nephrons’ quantity 
which remains constant after birth and the filtration rate of 
single nephron [62]. Healthy kidney has functional renal 
reserve, i.e., not all nephrons are activated in normal physi-
ological states. And some nephrons are in idle state [63]. 
Early obesity leads to the decrease of functional renal reserve 
which activated the motionless nephrons. It makes the body 
show hyperfiltration [64]. Nevertheless, long-term hyperfil-
tration will reduce the filtration of single nephron declining 
the total GFR, and eventually leads to kidney damage [65]. 
Therefore, hyperfiltration may be reversible because of the 
renal functional reserve. Whether the decrease or increase in 
post-operative GFR results from an improvement in hyper-
filtration or a real renal function is uncertain. It is illogical 
to judge the effect of bariatric surgery on renal function only 

based on the rising and falling of GFR. For obese patients 
with normal renal reserve function, bariatric surgery was 
initially to redress the hyperfiltration caused by obesity and 
maintain the normal number of activated nephrons. So, GFR 
showed a downward tendency. For patients who activated 
all nephrons with renal insufficiency and reserve function 
dysfunction, in this condition, the effect of bariatric surgery 
on renal function can be truly reflected from the change of 
total GFR. And the increase in total GFR is necessarily the 
result of the growing of filtration rate of single nephron. Our 
meta-analysis demonstrates that bariatric surgery can reduce 
the GFR of patients with hyperfiltration and increase the 
GFR of patients with renal insufficiency, which is the favora-
ble evidence for bariatric surgery to enhance renal function.

Serum creatinine levels are usually relatively normal due 
to renal reserve function until about 50% of nephrons be 
invalidated or GFR drops to nearly 60 ml/min/1.73  m2 [66]. 
Therefore, when GFR > 60 ml/min/1.73  m2, serum creatinine 
is not an accurate indicator of renal function. But the level 
of serum creatinine to some extent reflects the capability of 
the kidney to clean up metabolic waste. Serum creatinine 
is maintained at a normal level, indicating that the renal 
clearance function can meet the metabolic needs. Moreover, 

Fig. 6  Forest plot comparing the incidence of albuminuria between presurgery and postsurgery
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Fig. 7  The changes of renal 
function after bariatric surgery 
in different postoperative 
periods. A The GFR difference 
of preoperative and postop-
erative in different periods. B 
The creatinine difference of 
preoperative and postopera-
tive in different periods. C The 
ACR difference of preoperative 
and postoperative in different 
periods
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creatinine-based eGFR is not validated in obese individuals 
because of high muscle quality, which may underestimate 
renal function in obese individuals [67]. Hence, it is more 
convincing that the decrease of creatinine level reflects the 
improvement in renal clearance after BS.

Albuminuria closely relating to all levels of renal func-
tion is an important manifestation of renal function damage. 
There is no question that microalbuminuria is improved after 
bariatric surgery, whether post-operative remission of pre-
operative albuminuria or new onset albuminuria. Compared 
with non-surgical control group, the post-operative micro-
albuminuria in the operation group reduced significantly 
after BS. Our results are consistent with previous studies 
that the incidence of albuminuria, microalbuminuria level, 
and uACR decreased after BS.

The weight loss caused by BS is the most significant 
1 year after operation. Then, the weight regained in 
different degrees. The optimal benefit time of bariatric 
surgery on renal function, however, has not been stud-
ied. This study first conducts subgroup analysis based 
on different follow-up periods after bariatric surgery. 
Considering the early decline of GFR due to improve-
ment of hyperfiltration in patients with preserved renal 
reserve function, we only included patients with renal 
insufficiency (GFR < 90) at baseline in the follow-up 
subgroup analysis of GFR. The maximum increase of 
GFR is noted during 6–12 months after BS. And serum 
creatinine achieved the most noticeable decrease in 
3–5 years after BS (although no significant difference). 
These are inconsistent with the trajectory of weight loss 
after BS. So, it has yet to be further proved that bariat-
ric surgery can not only benefit from weight loss, but 
also enhance renal function through other mechanisms.

Our research has some limitations. First, the study is 
disunity in various literature on the measurement of GFR 
and whether the GFR is adjusted according to the surface 
area. Secondly, it is the innovation of this study to explore 
the optimal benefit time point of renal function after bari-
atric surgery based on subgroup analysis of follow-up 
time, but more intuitive research is needed to verify the 
trajectory of renal function after bariatric surgery. Finally, 
the conclusion of our article has limited effect, because 
the included articles are mostly observational single-arm 
studies and have significant heterogeneity.

Conclusion

Bariatric surgery can improve renal function in obese 
patients with kidney dysfunction, it reduces the GFR 
of patients with hyperfiltration and increase the GFR of 
patients with renal insufficiency, and the incidence of 

albuminuria, microalbuminuria level, and uACR decrease 
after BS. In the future, more intuitive research is needed to 
investigate the trajectory of renal function after bariatric 
surgery to verify the optimal postoperative benefit time.
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