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ABSTRACT

Introduction: To evaluate whether the extent
of gastrectomy or the reconstruction method
brings benefit of type 2 diabetes mellitus
(T2DM) remission after gastrectomy in patients
with gastric cancer.
Methods: PUBMED, EMBASE, the Cochrane
Central Register of Controlled Trials (CENTRAL)
in The Cochrane Library were searched to find
eligible studies published from inception to
July 31, 2020.
Results: A total of nine studies (1424 patients)
were included. At the first year and the end of
follow-up time after gastrectomy, the total gas-
trectomy group had better T2DM remission
than the subtotal gastrectomy group, and the
Roux-en-Y reconstruction (R-Y) group had bet-
ter T2DM remission compared with the non-R-Y
group. There was no difference between R-Y and
non-R-Y in terms of subtotal gastrectomy (OR
1.08, 95% CI 0.63–1.84, P = 0.78). However,
total gastrectomy with R-Y had better T2DM
remission than subtotal gastrectomy with R-Y
(OR 2.75, 95% CI 1.19–6.35, P = 0.02).

Conclusion: Total gastrectomy with R-Y had
better T2DM remission. The extent of gastrec-
tomy rather than the reconstruction method
might play an important role in T2DM remis-
sion after gastrectomy in patients with gastric
cancer.

Keywords: Gastrectomy; Gastric cancer;
Remission; Roux-en-Y reconstruction; Type 2
diabetes mellitus

Key Summary Points

Why carry out the study?

To evaluate whether the extent of
gastrectomy or the reconstruction method
brings benefit of T2MD remission after
gastrectomy in patients with gastric
cancer.

What was learned from the study?

Total gastrectomy with R-Y reconstruction
had an advantage over other surgical
methods in terms of T2MD remission, but
there was no difference between subtotal
gastrectomy with R-Y and with non-R-Y
(Billroth I and Billroth II) reconstruction
in terms of T2MD remission.

Total gastrectomy with R-Y had better
T2MD remission.
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The extent of gastrectomy rather than the
reconstruction method might play an
important role in T2MD remission after
gastrectomy in patients with gastric
cancer.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.12958199.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a global epi-
demic disease that affects more than 200million
people, and it is expected to reach over 500
million by 2030 [1, 2]. T2DM is also a chronic
metabolic disease, and its complications can
involve multiple systems [3]. T2DM is related to
obesity and the development of cardiovascular
disease [4, 5], and it may be related to the
occurrence and prognosis of cancers [6, 7].

Gastric cancer is the fourth most common
malignant tumor and the third leading cause of
cancer death worldwide [8]. Surgery is the main
method of curative treatment [9]. For most
gastric cancer located in the lower two-thirds of
the stomach, distal gastrectomy is recom-
mended, for which the reconstruction methods
are Billroth I reconstruction (BI), Billroth II
reconstruction (BII), and Roux-en-Y recon-
struction (R-Y). For cancers located in the
proximal stomach and esophagogastric junc-
tion (Siewert type II and III), total gastrectomy
plus R-Y is commonly used [10–12].

For patients with concurrent gastric cancer
and T2DM, gastrectomy can lead to remission
of T2DM [13]. Previous literature on factors
which affect T2DM remission is controversial.
Many studies reported that total gastrectomy
combined with R-Y was the key factor for post-
operative remission of T2DM [14, 15]. Some

studies reported that the extent of gastrectomy
was the cause of T2DM remission; however,
other studies reported that the R-Y was the main
reason for the remission of T2DM [16]. There-
fore, the purpose of this study is to evaluate
whether the extent of gastrectomy or the
reconstruction method brings benefit of T2DM
remission after gastrectomy.

METHODS

This study was conducted according to the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement
relevant to health care [17].

Search Strategy

We searched databases in PUBMED, EMBASE,
the Cochrane Central Register of Controlled
Trials (CENTRAL) in The Cochrane Library on
July 31, 2020. In order to maximize the litera-
ture search, we focused on three keywords:
gastric cancer, T2DM, gastrectomy. For gastric
cancer, the search item was (((((stomach tumor)
OR (stomach neoplasm)) OR (stomach cancer))
OR (cancer of the stomach)) OR (gastric neo-
plasm)) OR (gastric cancer). For T2DM, the
search item was ((diabetes) OR (type 2 diabetes))
OR (diabetes mellitus). For gastrectomy, the
search item was ((((gastrectomy) OR (recon-
struction)) OR (operation)) OR (resection)) OR
(surgery). After that, we used ‘‘AND’’ to combine
the items of the three keywords.

Article Selection

The selected data was screened by two reviewers
independently. Preliminary screening by title
and abstract excluded irrelevant studies. Full
texts were required for further screening. We
excluded conference abstracts, case report, non-
human studies, and studies with incomplete
data. All included studies were checked for
duplicate medical records from the same or
overlapping cohort of patients. All the proce-
dures were then cross-checked by the two
reviewers.
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Data Extraction

T2DM remission was defined as patients with
partial or complete remission. Patients who
required no medication after gastrectomy were
regarded as complete remission, and patients
who experienced reduced medications after
gastrectomy were regarded as partial remission.
Two reviewers extracted the data including the
first author, year of publication, country, study
design, sample size, type and time of gastrec-
tomy, follow-up time, and number of patients
with T2DM remission. The type of gastrectomy
was total gastrectomy or subtotal gastrectomy
according to the extent of resection. There were
four types of reconstruction: Billroth I (BI),
Billroth II (BII), Roux-en-Y gastrojejunostomy
(RYGJ), and Roux-en-Y esophagojejunostomy
(RYEJ). Disagreements were resolved by con-
sensus or consultation with the senior author.

Quality Assessment

The Newcastle–Ottawa scale was used to assess
the quality of non-randomized studies by two
reviewers independently [18]. The scale awar-
ded a maximum of nine points. Studies of high
quality received a score of the maximum nine
points, studies of medium quality scored seven
to eight points, and studies of low quality
scored less than seven points [19].

Statistical Analysis

T2DM remission was a dichotomous variable
expressed as proportions. Odds ratios (ORs) and
mean differences (MDs) were calculated. A 95%
confidence interval (CI) was reported for T2DM
remission. The value of I2 and the result of the
chi-squared test were used to assess the statisti-
cal heterogeneity. The heterogeneity was con-
sidered high when I2[50%; for such studies,
the random effect model was used, and p\ 0.1
was considered statistically significant. The
fixed effect model was used for the studies with
I2 B 50%, and p\0.05 was considered statisti-
cally significant. The meta-analysis was per-
formed using RevMan 5.3 (The Cochrane
Collaboration, London, UK).

Compliance with Ethics Guidelines

This study was based on previously conducted
studies and did not contain any studies with
human participants or animals performed by
any of the authors. Ethical approval was
unnecessary in this study because it was a sys-
tematic review and meta-analysis of existing
published articles.

RESULTS

Study Selection

A total of 2441 studies were identified from the
literature search, and 49 studies were left after
screening the title and abstract. Conference
abstracts, case report, studies without compar-
ison of surgical methods, a follow-up time less
than 1 year, and repeated published data from
the same center were excluded. The remaining
nine studies [13–16, 20–24] were included in the
meta-analysis (Fig. 1).

Patient Characteristics

The nine studies included in this meta-analysis
comprised a total of 1424 patients. The studies
were published in 2012–2020; six were from
Korea and three were from China. Eight were
retrospective studies and one was prospective.
The surgical methods in all nine studies inclu-
ded total gastrectomy and subtotal gastrectomy.
Although the definitions of T2DM complete
remission in the articles were not the same, they
all declared that patients who experienced
reduced medication after gastrectomy were
regarded as partial remission. All nine studies
contained a follow-up time of at least 1 year
after gastrectomy. Details of the nine studies are
shown in Table 1.

Quality Assessment of Included Studies

All nine studies were assessed by the New-
castle–Ottawa scale, and the scores of each
study are shown in Table 1.
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T2DM Remission at First Year After
Gastrectomy

Five studies [13, 14, 16, 21, 23] reported the
remission of T2DM at the first year after gas-
trectomy. We explored the extent of residual
stomach on T2DM remission, and compared
total gastrectomy with subtotal gastrectomy.
After pooling all the data, a significant differ-
ence was found between the two groups (OR
2.70, 95% CI 1.20–6.10, P = 0.02) (Fig. 2a). The
reconstruction type was also compared between
the R-Y group and non-R-Y (BI and BII) group; a
significant difference was also found between
the two groups (OR 2.35, 95% CI 1.08–5.08,
P = 0.03) (Fig. 2b).

T2DM Remission at End of Follow-Up
Time After Gastrectomy

As the follow-up time was different among the
nine studies, we selected the end of follow-up
time to analyze the data. There was a significant
difference between total gastrectomy and
subtotal gastrectomy groups (OR 2.56, 95% CI
1.95–3.35, P\ 0.00001) (Fig. 3a) and between
R-Y and non-R-Y groups (OR 2.17, 95% CI
1.69–2.77, P\ 0.00001) (Fig. 3b).

Comparing R-Y Between Total
Gastrectomy and Subtotal Gastrectomy

To explore the extent of residual stomach on
T2DM remission, we compared the same
reconstruction method (R-Y) between total
gastrectomy and subtotal gastrectomy. Three
studies [13, 22, 24] were included, and a sig-
nificant difference was found between the two
groups (OR 2.75, 95% CI 1.19–6.35, P = 0.02)
(Fig. 4a).

Comparing R-Y and Non-R-Y (BI and BII)
in Subtotal Gastrectomy

To explore different reconstruction methods on
T2DM remission, we compared the same extent
of residual stomach (subtotal gastrectomy).
Three studies [13, 22, 24] were included, and no
difference was found between the two groups
(OR 1.08, 95% CI 0.63–1.84, P = 0.78) (Fig. 4b).

Sensitivity, Consistency I2,
and Publication Bias

Repeated meta-analysis was performed by
excluding one study in turn, and sensitivity
analysis was performed to evaluate the impact
of each individual study on the pooled OR;

Fig. 1 Flowchart of study selection

2866 Diabetes Ther (2020) 11:2863–2872



T
ab
le

1
C
ha
ra
ct
er
is
ti
cs

of
th
e
st
ud
ie
s
in
cl
ud
ed

in
th
e
m
et
a-
an
al
ys
is

A
ut
ho

r
Y
ea
r

C
ou

nt
ry

St
ud

y
de
si
gn

Su
rg
er
y
ty
pe

D
ia
be
te
s
pa
rt
ia
l

re
m
is
si
on

de
fin

it
io
n

D
ia
be
te
s
co
m
pl
et
e

re
m
is
si
on

de
fin

it
io
n

Sa
m
pl
e

si
ze

Fo
llo

w
-u
p

(m
on

th
s)

N
O
S

H
bA

1c
(%

)
FB

S
(m

g/
dl
)

H
bA

1c
(%

)
FB

S
(m

g/
dl
)

K
im

et
al
.[
20
]

20
12

K
or
ea

R
et
ro
sp
ec
ti
ve

B
I,
B
II
,R

Y
E
J

Im
pr
ov
ed

FB
S
le
ve
la
nd

ei
th
er

a
lo
w
er

re
qu
ir
ed

do
se

of
or
al

m
ed
ic
at
io
n

\
6

U
nk
no
w
n

38
5

33
.7

7

L
ee

et
al
.[
13
]

20
12

K
or
ea

R
et
ro
sp
ec
ti
ve

B
I,
B
II
,R

Y
G
J,

R
Y
E
J

U
nk
no
w
n

\
10
0

22
9

U
nk
no
w
n

8

A
n
et

al
.[
21
]

20
13

K
or
ea

R
et
ro
sp
ec
ti
ve

B
I,
B
II
,R

Y
E
J

\
6

\
12
6

64
12

8

W
an
g
et

al
.

[2
2]

20
14

C
hi
na

R
et
ro
sp
ec
ti
ve

B
I,
B
II
,R

Y
G
J,

R
Y
E
J

U
nk
no
w
n

N
or
m
al

69
U
nk
no
w
n

7

Z
hu

et
al
.[
14
]

20
15

C
hi
na

R
et
ro
sp
ec
ti
ve

B
I,
B
II
,R

Y
E
J

U
nk
no
w
n

\
10
0

29
2

24
7

W
ei
et
al
.[
15
]

20
14

C
hi
na

R
et
ro
sp
ec
ti
ve

B
II
,R

Y
E
J

6–
6.
5

10
0–

12
5

\
6

\
10
0

67
57
.4

7

C
ho
i
et

al
.

[1
6]

20
17

K
or
ea

Pr
os
pe
ct
iv
e

B
I,
R
Y
E
J

\
6.
5

\
12
6

\
6

\
12
6

40
12

8

Pa
rk

et
al
.

[2
4]

20
17

K
or
ea

R
et
ro
sp
ec
ti
ve

B
I,
B
II
,R

Y
G
J,

R
Y
E
J

\
6.
5

10
0–

12
5

N
or
m
al

\
10
0

52
12

8

K
im

et
al
.[
23
]

20
20

K
or
ea

R
et
ro
sp
ec
ti
ve

B
II
,R

Y
E
J

6–
6.
4

10
0–

12
5

\
6

\
10
0

22
6

24
7

B
I
B
ill
ro
th

I
re
co
ns
tr
uc
ti
on
,
B
II

B
ill
ro
th

II
re
co
ns
tr
uc
ti
on

,
R
Y
G
J
R
ou
x-
en
-Y

ga
st
ro
je
ju
no
st
om

y
re
co
ns
tr
uc
ti
on

,
R
Y
E
J
R
ou
x-
en
-Y

es
op
ha
go
je
ju
no

st
om

y
re
co
n-

st
ru
ct
io
n,

H
bA

1c
he
m
og
lo
bi
n
A
1c
, F

B
S
fa
st
in
g
bl
oo
d
su
ga
r,
N
O
S
N
ew

ca
st
le
–O

tt
aw

a
sc
al
e

Diabetes Ther (2020) 11:2863–2872 2867



exclusion of any one study did not significantly
alter the overall meta-estimate. Consistency was
measured by estimating the degree of inconsis-
tency in the results of the studies [25]. Publica-
tion bias for the included studies was based on a
visual inspection of the funnel plots (Fig. 5).

DISCUSSION

In this meta-analysis, a total of nine studies
(1424 patients) were included. We compared
T2DM remission between total and subtotal
gastrectomy groups at the first year and the end
of follow-up time after gastrectomy. Further-
more, total gastrectomy with R-Y reconstruc-
tion had an advantage over other surgical
methods, but there was no difference between
subtotal gastrectomy with R-Y and with non-R-
Y (BI and BII) in terms of T2DM remission. As
for the same reconstruction of R-Y, total gas-
trectomy showed better T2DM remission than
subtotal gastrectomy.

Bariatric surgery could reduce the weight and
also decrease the occurrence of metabolic dis-
eases in patients with obesity [26]. Similarly,

patients with gastric cancer also had part or all
of their stomach resected. Many studies found
that the surgery of gastric cancer was not only a
radical tumor resection surgery but also a
metabolic surgery [24, 27]. Many patients with
gastric cancer and T2DM could achieve partial
or even complete remission after gastrectomy,
and the remission rate reached 42.5–64.3%
[13–16, 20–24].

Similarly, it was reported that gastrectomy
could lead to remission of T2DM for patients
with concurrent gastric cancer and T2DM. The
mechanism for the remission of T2DM
remained unclear, but it might be similar to
bariatric surgery, including postprandial gluca-
gon-like peptide 1 (GLP-1), gastroinhibitory
peptide (GIP), ghrelin, glucagon, and insulin
sensitivity [28–32]. In addition to the type of
gastrectomy, weight loss and T2DM duration
might also affect the remission of patients with
concurrent gastric cancer and T2DM [20, 21].
With the extension of follow-up time, the
number of patients with T2DM remission would
increase [16, 22].

However, whether the extent of gastrectomy
or the reconstruction method brought benefit

Fig. 2 Forest plot showing the outcomes of T2DM remission at the first year after gastrectomy. a Total gastrectomy versus
subtotal gastrectomy; b R-Y versus non-R-Y (BI and BII) reconstruction

2868 Diabetes Ther (2020) 11:2863–2872



Fig. 3 Forest plot showing the outcomes of T2DM remission at the end of follow-up time after gastrectomy. a Total
gastrectomy versus subtotal gastrectomy; b R-Y versus non-R-Y (BI and BII) reconstruction

Fig. 4 Forest plot showing the outcomes of T2DM
remission at the end of follow-up time after gastrectomy.
a Comparing R-Y between total gastrectomy and subtotal

gastrectomy; b comparing R-Y and non-R-Y (BI and BII)
in subtotal gastrectomy

Diabetes Ther (2020) 11:2863–2872 2869



of T2DM remission after gastrectomy was con-
troversial [21–23]. After total gastrectomy, R-Y
was the only choice, but after subtotal gastrec-
tomy BI, BII, and R-Y were available. In previous
studies, total gastrectomy with R-Y was always
compared with BI, BII, or R-Y in subtotal gas-
trectomy [14–16]. After that, it was concluded
that total gastrectomy with R-Y had better
T2DM remission than other surgical methods.
Some studies even reported that the key point
leading to T2DM remission was the R-Y [16].
However, they ignored that the extent of total
gastrectomy was larger than that of the subtotal
gastrectomy, and one could therefore not draw
a conclusion about the benefit of T2DM remis-
sion of R-Y from the comparison between R-Y in
total gastrectomy with BI, BII, or R-Y in subtotal
gastrectomy. It should be done by comparing a
similar extent of stomach (subtotal gastrec-
tomy). Therefore, in this meta-analysis, data for
different reconstruction methods were extrac-
ted and related to the remission of T2DM. We
compared a similar extent of gastrectomy
(subtotal gastrectomy), and found that there
was no difference between R-Y and non-R-Y

reconstruction. Furthermore, when we com-
pared the same reconstruction method (R-Y),
we found that a larger extent of gastrectomy
(total gastrectomy) was better than a smaller
extent of gastrectomy (subtotal gastrectomy).

However, there were some limitations in this
meta-analysis. Firstly, nine studies were inclu-
ded, eight of which were retrospective analysis,
and the quality of the articles was generally low
compared with prospective studies. Secondly,
because of the limitation of the data in the
studies included, we only analyzed the impact of
different surgical methods and different recon-
struction methods in patients with gastric can-
cer on the remission of T2DM. Other key factors,
such as BMI change, weight loss, and the dura-
tion of T2DM were not applicable in this meta-
analysis. Thirdly, there were differences in the
definition of complete and partial remissions in
some studies, so the accuracy of the results
might be affected. Finally, the sample size of the
studies included was relatively small, and all
nine studies came from China and Korea; more
large-scale studies are required from more
countries to confirm our results in the future.

Fig. 5 Funnel plot of total gastrectomy versus subtotal gastrectomy at the end of follow-up time after gastrectomy
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CONCLUSION

Total gastrectomy with R-Y had better T2DM
remission. The extent of gastrectomy rather
than the reconstruction method might play an
important role in T2DM remission after gas-
trectomy in patients with gastric cancer.
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