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Abstract
Background Bariatric surgery has been applied for weight loss and comorbidity control in China since 2000. Recent studies have
shown positive results for bariatric surgery in patients with a bodymass index (BMI) of less than 35 kg/m2. However, the effect of
surgery on Chinese patients with type II diabetes mellitus (T2DM) has not yet been systematically investigated.
Methods A comprehensive literature search was performed in the Cochrane Library, Embase, PubMed, and Web of Science
from January 2014 to March 2020. All studies examined bariatric surgery outcomes on Chinese patients at 12-, 36-, and 60-
month follow-up. The research followed the guidance of Preferred Reporting Items for Systematic Reviews and Meta-Analyses
Protocols (PRISMA-P) recommendations.
Results Eleven studies containing 611 patients were included in this meta-analysis. Clinical indices at 12-, 36-, and 60-month
follow-up were analyzed. Significant decreases were identified in body weight, BMI, waist circumference (WC), blood pressure
(BP), fasting plasma glucose (FPG), glycosylated hemoglobin A1c (hemoglobin A1c, or HbA1c), triglyceride (TG), low-density
lipoprotein (LDL), and high-density lipoprotein (HDL) postoperatively. An increasing trend in the T2DM remission rate was
discovered. The remission group was observed to have significantly lower HbA1c and C-peptide level, a shorter duration of
T2DM, and a higher BMI than the nonremission group at 12 months.
Conclusions Bariatric surgery successfully provided significant BMI control as well as a reduction and normalization of glucose-
and lipid-related metabolism at 12, 36, and 60 months postoperatively in Chinese patients with T2DM with a preoperative BMI
of less than 35 kg/m2. An increasing trend in the T2DM remission rate suggested promising future applications in this population.
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Introduction

Type II diabetes mellitus (T2DM), a universal burden on both
health care and life quality, has a complicated pathophysiolo-
gy that combines mixed genetic and environmental factors. It
is estimated that by 2040, 642 million people will be affected

by T2DM [1]. The treatment first became an area of research
interest in developed Western countries. Early in 1995, Pories
et al. mentioned that bariatric surgery was more effective in
T2DM control than conventional medical therapy [2]. When
conservativemethods are no longer effective, bariatric surgery
serves as the possible treatment for T2DM.

During past 20 years, there has been rising concern over the
prevalence of T2DM in eastern China, such as Beijing,
Guangzhou, and Shanghai, as most bariatric surgeries have
been performed in these areas. At the same time, a 148.7-fold
increase in the quantity of bariatric surgeries during 2011–
2015 were recorded compared with 2001–2005, most of
which were for relieving metabolic syndrome [3]. On the
one hand, research showed that only 10% of T2DM patients
have comorbid obesity in China, compared with one-third of
the T2DM population in the USA [4] and the mean BMI of

* Zhongqi Mao
maozq31@hotmail.com

1 Department of General Surgery, The First Affiliated Hospital of
Soochow University, Suzhou 215123, China

2 Department of Gastrointestinal Medicine, The First Affiliated
Hospital of Soochow University, Suzhou 215123, China

3 Department of Pulmonology and Critical Care Medicine, The First
Affiliated Hospital of Soochow University, Suzhou 215123, China

https://doi.org/10.1007/s11695-021-05520-9

/ Published online: 10 July 2021

Obesity Surgery (2021) 31:4083–4092

http://crossmark.crossref.org/dialog/?doi=10.1007/s11695-021-05520-9&domain=pdf
http://orcid.org/0000-0002-5865-6470
mailto:maozq31@hotmail.com


Chinese patients with T2DM is 25 kg/m2, according to the
China Guidelines for Type II Diabetes. On the other hand,
the National Institutes of Health (NIH) recommends pa-
tients with BMI larger than 40 or 35 kg/m2 with comor-
bidities to undergo bariatric surgery and it has been well
established that bariatric surgery promotes remarkable
remission of T2DM for this group.

Therefore, many patients in China suffering from T2DM
with BMI lower than 35 kg/m2 do not meet the criteria of
bariatric surgery. With regard to these patients, exploring the
effect of bariatric surgery on them is of crucial significance.
This meta-analysis is mainly focused on surgical outcomes
published in the last 5 years, on the basis of develop-
ments over the last 10 years. The goal of this study was
to obtain a summary of the efficacy of bariatric surgery
at 12, 36, and 60 months for Chinese patients with
T2DM initial BMI < 35 kg/m2.

Material and Methods

Search Strategy

We performed a comprehensive search of the literature in
PubMed, Web of Science, Cochrane Library, and Embase
from January 1, 2014, to March 31, 2020. The terms used
f o r a r t i c l e m a t c h i n g w e r e ( ( B A R I A T R I C
SURGERY[MeSH]) AND (gastric bypass or sleeve gastrec-
tomy effect) and (China) and (ENGLISH[Language])) AND
(diabetes mellitus[MeSH]).

Inclusion and Exclusion Criteria

The following criteria were applied for inclusion: (1) Chinese
patients with T2DM whose BMI < 35 kg/m2; (2) clearly de-
fined study outcomes and diagnosis of comorbidities; (3) lat-
est follow-up data at the same institution and written in
English; and (4) sample size larger than 10 with at least a 1-
year follow-up. The exclusion criteria were as follows: (1)
failure to classify patients by BMI or the use of classification
criteria that extend across 35 kg/m2 (for example, BMI > 32.5
kg/m2 will be excluded but BMI < 32.5 kg/m2 will be includ-
ed.); (2) any type of study other than original follow-up stud-
ies such as reports, reviews, or abstracts; and (3) unrepeatable
papers, i.e., showing results only in figures.

Data Extraction and Quality Assessment

After the search was conducted and the appropriate literature
was selected, two researchers independently extracted data
from the included literature. A third researcher checked the
fidelity of both researchers’ data to reduce avoidable error.
The following information was extracted from each article:

first author, publication year, study design, surgery type, sam-
ple size, gender, age, comorbidity, follow-up duration, and
surgical complications. Study outcomes including
weight, BMI, waist circumference (WC), blood pressure
(BP), remission of comorbidities, and other metabolic
values were recorded.

A quality and risk-of-bias assessment was applied with the
Newcastle-Ottawa Scale (NOS), a 9-star scoring system in-
cluding patient selection, comparability, and outcome.
The regression-based Egger’s test and a nonparametric
rank correlation (Begg’s) test were performed to evalu-
ate publication bias.

Statistical Analysis

Review Manager version 5.3 was used for meta-analysis, and
publication bias was assessed with Stata 16. Continuous value
changes were calculated as the mean difference (MD) and
95% confidence interval (CI). For dichotomous data, odds
ratios (ORs) with 95% CIs were calculated. To evaluate het-
erogeneity among studies, the chi-square test was deployed
and a Higgins I2 greater than 50% was considered to indicate
significant heterogeneity. When significant heterogeneity was
present, a random-effects model was applied; otherwise, a
fixed-effects model was used. The overall effect was estimat-
ed by z-test, with significance defined as P < 0.05.

Results

Search Results

The search process is shown in Fig. 1. Eleven studies that met
the inclusion criteria are listed in Table 1, eight [5–12] of
which were carried out in university teaching hospitals in
mainland China and three [13–15] of which were conducted
in Taiwan. Seven of the 11 studies were retrospective and the
remaining four were prospective.

Quality Assessments

Quality assessments are shown in Table 2; all the studies were
evaluated with the NOS.

Systematic Review

We identified eleven studies with 611 patients with T2DM
who had a mean age of 47.2 years. Most of the studies report-
ed laparoscopic Roux-en-Y gastric bypass (LRYGB) [5–8,
10, 11, 13, 15], and the remaining studies reported laparoscop-
ic sleeve gastrectomy (LSG) or both procedures. The mean
T2DM duration was 6.8 years, and the average baseline BMI,
glycosylated hemoglobin A1c (hemoglobin A1c, or HbA1c),
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fasting plasma glucose (FPG), triglyceride (TG), high-density
lipoprotein (HDL), and low-density lipoprotein (LDL) were
27.9 kg/m2, 8.4%, 9.5 mmol/L, 2.51 mmol/L, 1.1 mmol/L,
and 2.83 mmol/L, respectively. According to the American
Diabetes Association remission criteria [16], complete remis-
sion of T2DM was defined as HbA1c less than 6%, FPG less
than 5.6 mmol/L, and no use of diabetes medication for a year.

Partial remission was defined as an FPG of 5.6 to 6.9 mmol/L
for at least 1 year in the absence of active pharmacological
therapy. In this meta-analysis, six studies [5, 6, 10–12, 14]
followed the complete remission criteria, one [13] did not
apply FPG < 5.6 mmol/L, and one [15] with only HbA1c <
6%. The remaining two studies [8, 9] used a threshold of
HbA1c < 6.5% and without medication for a year. In this

Table 1 Characteristics of included studies

Study Sample size (female%) Age (years) BMI (kg/m2) Procedure Study design Follow-up (months)

1 Wang C 2020 59 (50.8) 49.7 ± 10.2 27.49 ± 0.32 LRYGB Retrospective 60

2 Ji GN 2020 52 (57) 46.8 ± 9.5 27.2 ± 3.2 LRYGB Retrospective 12, 36, 60

3 Wang L 2019 25 (64) 51.8 ± 9.7 27.79 ± 1.82 LSG Retrospective 12

4 Feng WH 2019 40 (52.5) 44.1 ± 11.4 33.3 ± 5.06 LRYGB Retrospective 12

5 Zhang HW 2016 53 (58.5) 53 ± 11.5 28.93 ± 2.05 LRYGB Retrospective 12, 36

6 Huang CK 2016 60 (55) 50.8 ± 9.2 28 ± 3.67 LRYGB, LSG-DJB Prospective 12

7 Ren YX 2015 76 (56.6) 44.5 ± 5.6 33.65 ± 0.94 LRYGB Prospective 12

8 Liang H 2015 86 (53.5) 48.8 ± 10.8 24.68 ± 2.12 LRYGB Prospective 12

9 Lee WJ 2015 80 (78.8) 47.7 ± 9.1 26.9 ± 2.2 LSG, LRYGB Prospective 12

10 Hsu CC 2015 52 (78.8) 44.2 ± 9.5 31 ± 2.4 LSG, LRYGB Retrospective 60

11 Yin J 2014 28 (71.4) 51.6 24.7 ± 2 LRYGB Retrospective 12

LRYGB, laparoscopic Roux-en-Y gastric bypass; LSG, laparoscopic sleeve gastrectomy; DJB, duodenal-jejunal bypass

Database search

N= 289

183 studies retrieved based 
on abstracts

43 for full-text review

37 before 2014

69 not in English or not human 
research

96 systema�c reviews and meta-
analyses

4 studies performed outside China 

29 duplicates of included studies

11 basic science studies

11 included in the meta-
analysis

7 with only figures or missing results

13 with wrong BMI grouping 

4 within the same ins�tu�on

5 without T2DM

3 RCTs published in other studies

Fig. 1 The flow chart of study
selection in the systematic review
and meta-analysis
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study, combined complete and partial remission were pooled
together as T2DM remission.

Meta-analysis

BMI, WC, and BP are shown in Table 3. A significant reduc-
tion in BMI occurred at the 12-, 36-, and 60-month visits, with
MD values of − 4.97 kg/m2 (95% CI − 6.03 to − 3.92), − 3.50
kg/m2 (95%CI − 7.55 to − 0.55), and − 4.96 kg/m2 (95%CI −
7.15 to − 2.77). Heterogeneity was present in these three out-
comes and a random-effects model was used. Fewer than half
of these studies included WC, especially in the long-term re-
sults, and heterogeneity was not present at the 60-month fol-
low-up, at which time the value was − 14.75 cm (95% CI −
17.5 to− 12). The value was smaller than theWC of − 17.3 cm
(95%CI − 20.37 to − 14.23) observed at 12 months and larger
than the WC of − 13.97 cm (95% CI − 16.23 to − 11.71)
observed at 36 months. A fixed-effects model was used for
60-month WC. Significant decreases in both systolic and dia-
stolic BP were detected, and no significant heterogeneity was
found; thus, a fixed-effects model was used.

Outcomes of T2DM are analyzed in Table 4. There was a
significant reduction in FPG at each follow-up visit compared
to baseline. The MD was − 3.68 mmol/L (95% CI − 3.84 to −
3.52), − 1.78 mmol/L (95% CI − 2.32 to − 1.24), and − 2.18
mmol/L (95% CI − 4.28 to − 0.09). A fixed-effects model was

Table 2 Quality assessment by the Newcastle-Ottawa Scale

Study Selection Comparability Outcome Total

1 Wang C 2020 3 2 3 8

2 Ji GN 2020 3 2 1 6

3 Wang L 2019 3 1 2 6

4 Feng WH 2019 3 2 2 7

5 Zhang HW 2016 3 2 3 8

6 Huang CK 2016 3 2 2 7

7 Ren YX 2015 4 2 1 7

8 Liang H 2015 4 2 2 8

9 Lee WJ 2015 3 1 2 6

10 Hsu CC 2015 3 2 3 8

11 Yin J 2014 3 1 3 7

Newcastle-Ottawa Scale is a “star system” that has been developed in
which a study is judged on three broad perspectives: the selection of the
study groups; the comparability of the groups; and the ascertainment of
either the exposure or outcome of interest for case-control or cohort stud-
ies, respectively. The total scale is 9 and a score lager than 6 means the
study is of good quality

Table 3 Outcomes in terms of weight, BMI, WC, and BP

Outcomes in
terms of weight,
BMI, WC, and BP

Studies (N) Postoperative
(patients, N)

Preoperative
(patients, N)

Mean difference
(95% CI)

P value Heterogeneity

Chi-squared Higgins I2 p

Weight

12 months 7 276 307 − 14.10 [− 18.25, − 9.95] < 0.00001 96.68 92% < 0.00001

36 months 2 71 105 − 9.35 [− 13.26, − 5.43] < 0.00001 2.2 98% < 0.00001

60 months 3 128 163 − 14.27 [− 18.53, − 10.00] < 0.00001 5.3 62% 0.07

BMI

12 months 9 475 500 − 4.97 [− 6.03, − 3.92] < 0.00001 75.88 91% < 0.00001

36 months 2 71 105 − 3.50 [− 7.55, 0.55] 0.09 30.19 97% < 0.00001

60 months 3 128 163 − 4.96 [− 7.15, − 2.77] < 0.00001 17.67 89% 0.0001

WC

12 months 6 286 286 − 17.30 [− 20.37, − 14.23] < 0.00001 57.32 91% <0.00001

36 months 1 47 53 − 13.97 [− 16.23, − 11.71] < 0.00001 - - -

60 months 2 109 111 − 14.75 [− 17.50, − 12.00] < 0.00001 0.16 0% 0.69

SBP

12 months 3 153 153 − 10.77 [− 14.48, − 7.07] < 0.00001 1.95 0% 0.38

36 months 1 47 53 − 2.22 [− 7.59, 3.15] 0.42 - - -

60 months 2 109 111 − 8.39 [− 12.18, − 4.61] < 0.0001 0.08 0% 0.78

DBP

12 months 3 153 153 − 9.60 [− 13.83, − 5.37] < 0.00001 4.64 57% 0.1

36 months 1 47 53 − 4.16 [− 7.59, − 0.73] 0.02 - - -

60 months 2 109 111 − 6.53 [− 9.09, − 3.96] < 0.00001 0 0% 0.96

BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; CI, confidence interval
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used for the 36-month results. For all the patients, a
significant decrease in HbA1c was achieved; the differ-
ence was especially notable at 12 months, with a result
of − 2.12% (95% CI − 2.5 to − 1.73), which was larger
in magnitude than the 36-month or 60-month results. A
fixed-effects model was applied to fasting insulin and
C-peptide levels at 60 months. Homeostasis model as-
sessment for insulin resistance (HOMA-IR) was reported
only at the 12-month result and no significant result
was detected. Ten studies included data on T2DM re-
mission. The remission rates at 12, 36, and 60 months
were 42.4%, 50.7%, and 53.1%, respectively. In an
analysis of three papers [12, 15, 17] comparing baseline
indices between remission and nonremission patients
which were analyzed, significant differences were rec-
ognized in preoperative BMI, HbA1c, C-peptide, and
T2DM duration (Table 5).

Lipid metabolism is addressed in Table 6. Six papers re-
ported a significant change in TG, and the results showed a −
1.21 mmol/L (95% CI − 2.01 to − 0.5) and − 1.04 mmol/L
(95% CI − 1.94 to − 1.21) decrease at 12 and 36 months,
respectively. One paper reported a TG reduction of 1.58
mmol/L at 60 months. Heterogeneity was low at the 36-

month study, and a fixed-effects model was used. Given a
relatively high preoperative LDL, significantly reduced LDL
levels were achieved at 12, 36, and 60months postoperatively.
Low heterogeneity was found at 36 and 60months and a fixed
effect model was used. The HDL level rapidly increased at the
12-month follow-up but dropped later.

Safety and adverse reactions are both important outcomes
to observe. Overall, 10 of 11 studies reported complications
and mortality. The mortality rate was 0.3% and complication
rate was 15.9% including 13 cases of major complications
(2.4%). In the Swedish obese subject (SOS) study, in which
patients were morbidly obese, the major complication and
mortality rate were 2.2% and 0.2%.

Additionally, the efficacy of Roux-en-Y gastric by-
pass (RYGB) and conservative medical treatment was
compared in Table 7. Significantly reduced values of
BMI, weight, systolic pressure, diastolic pressure,
HbA1c, FPG, and TG were observed in the RYGB
group. The remission rate of T2DM was significantly
higher in the RYGB group than in the conservative
treatment group, with an OR of 37.86 (95% CI 16.02–
89.49). There was no significant heterogeneity not for
BP, FPG, or the remission rate of T2DM.

Table 4 T2DM-related outcomes

T2DM-
related
outcomes

Studies (N) Postoperative
(patients, N)

Preoperative
(patients, N)

Mean difference (95% CI) P value Heterogeneity

Chi-squared Higgins I2 p

HbA1c

12 months 9 475 500 − 2.12 [− 2.50, − 1.73] < 0.00001 59.01 86% < 0.00001

36 months 2 71 105 − 1.41 [− 2.55, − 0.28] < 0.00001 4.92 80% 0.01

60 months 3 128 163 − 1.51 [− 2.82, − 0.19] 0.03 21.13 91% < 0.00001

FPG

12 months 9 475 500 − 3.68 [− 3.84, − 3.52] < 0.00001 58.74 86% < 0.00001

36 months 2 71 105 − 1.78 [− 2.32, − 1.24] < 0.00001 0.23 29% 0.23

60 months 3 128 163 − 2.18 [− 4.28, − 0.09] 0.04 24.55 92% < 0.00001

Insulin

12 months 4 216 234 − 13.93 [− 31.90, 4.04] 0.13 214.77 98% < 0.00001

36 months 1 24 52 − 6.40 [− 11.74, − 1.06] - - - -

60 months 3 128 163 − 11.75 [− 15.74, − 7.77] < 0.00001 0.23 33% 0.23

FCP

12 months 6 286 304 − 0.51 [− 0.96, − 0.05] 0.03 48.12 90% < 0.00001

36 months 3 71 105 − 0.47 [− 1.04, 0.10] 0.11 2.63 62% 0.11

60 months 2 78 111 − 0.67 [− 0.99, − 0.36] < 0.0001 0.71 0% 0.4

HOMA-IR

12 months 2 113 113 − 1.14 [− 1.55, − 0.73] 0.17 19.07 95% < 0.00001

36 months - - - - - - - -

60 months - - - - - - - -

FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin A1c; FCP, fasting C-peptide; HOMA-IR, homeostasis model assessment for insulin
resistance; CI, confidence interval
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Publication Bias

Egger’s test and Begg’s test were performed based on HbA1c
levels. A p value larger than 0.1 was considered to reflect a
lack of publication bias; the two tests yielded p values of 0.19
and 0.15, respectively, indicating no publication bias.

Discussion

Since the beginning of the millennium, the application of met-
abolic surgery targeting T2DM has been increasing in China.
The number of bariatric surgeries performed in 2010–2015
was 6937, with 4916 of them being for metabolic diseases
[3]. Among all the bariatric surgery techniques, RYGB and
SG were the most commonly performed in 2014, composing
85.5% of all such surgeries around the globe [18], these pro-
cedures have also been the most frequently performed in
China over the last 5 years. At the same time, laparoscopic
surgeries have almost completely replaced open procedures,
accounting for 89.4% of surgeries, and the former have been
found to be a cost-effective alternative to open surgery [19].
With the rapid introduction in bariatric surgery, the procedure
has also been deployed for patients with T2DM. Most studies
follow the criteria of BMI > 35 kg/m2 while considering the
large number of patients with T2DM in China who have rel-
atively lower BMI; there is a need for exploring the effect
bariatric surgery on this group.

This meta-analysis was composed of the longest follow-up
bariatric studies in Chinese patients with T2DM whose initial
BMI were less than 35 kg/m2. This comprehensive analysis
showed an encouraging outcome, with significant weight loss
postoperatively and the remission rate of T2DM trending up-
ward of at 12, 36, and 60months (42.4%, 50.3%, 53.1%). The
5-year data showed a T2DM remission rate similar to the

54.5% rate reported by Ikramuddin et al. in a randomized
controlled study [20] of patients whose BMI was controlled
between 30 and 39.9 kg/m2. This could be an encouraging
result as it indicates that even patients with BMI lower than
35 kg/m2 could still benefit from surgery, as the key mecha-
nism of bariatric surgery is weight loss and this could assist
satisfied glycemic control in patients with lower BMI.
Moreover, significant decreases were observed in weight,
BMI, BP, FPG, HbA1c, LDL, and TG at all visits, without
large rebounds (Figs. 2 and 3), indicating a durable and effec-
tive impact of bariatric surgery and an improvement in co-
occurring metabolic syndrome.

No consistent results demonstrated which surgical tech-
nique was superior [21], although RYGB is considered the
gold standard procedure for the treatment of T2DM. Based
on the recent increase in the use of SG for T2DM patients in
different BMI groups, cumulative evidence has revealed pro-
pitious outcomes in terms of T2DM remission and control. In
a recent meta-analysis comparing SG and RYGB in
nonmorbidly obese T2DM patients, the results showed a com-
parative effect between the two procedures, and both im-
proved patients’ quality of life [22]; however, BMI and WC
were lower in the RYGB group than in the SG group, which
was consistent with the findings of another meta-analysis by
Yang et al. [17] and those of the SLEEVEPASS trial [23].
More detailed studies should be performed on the effects of
SG effect in Chinese patients to confirm such results, as a
recent long-term study showed a high rate of disease recur-
rence (75%) following SG in Taiwan [24]. In this study, the
small number of studies in each research made it unfeasible to
explore subgroup effect between RYGB and SG in Chinese
group, which expects more study data for a subgroup study.

In 2015, Lee et al. created the “ABCD” scoring system
(Table 8), which was used for the prediction of T2DM remis-
sion based on four preoperative variables: A, age; B, BMI; C,

Table 5 Comparison of baseline indices between remitted and unremitted of T2DM at the 12-month follow-up

Clinical indices Remission
(patients, N)

Nonremission
(patients, N)

Mean difference (95% CI) P value Heterogeneity

Chi-squared Higgins I2 p

Age 57 128 − 1.95 [− 6.83, 2.93] 0.43 5.57 64% 0.06

WC 37 68 1.74 [− 3.92, 7.40] 0.55 3.22 69% 0.07

BMI 57 128 1.24 [0.42, 2.07] 0.003* 3.73 46% 0.16

HbA1c 57 128 − 0.89 [− 1.50, − 0.28] 0.004* 0.32 0% 0.85

FCP 57 128 0.28 [0.01, 0.56] 0.04* 0.04 0% 0.98

FPG 57 128 − 1.01 [− 2.42, 0.40] 0.16 0.59 0% 0.74

Duration 57 128 − 3.11 [− 4.47, − 1.76] <0.00001* 15.86 87% 0.0004

A negative MD indicates a lower result in the remission group than in the nonremission group. A p value marked with * indicates significant difference
between the remission and nonremission groups.WC, waist circumference; BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycosylated
hemoglobin A1c; FCP, fasting C-peptide; CI, confidence interval
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C-peptide; and D, duration of T2DM [25]. This system offers
a brand-new perspective for surgeons in Asia to screen pa-
tients’ eligibility for metabolic surgery and to provide maxi-
mum personalization for an improved surgical outcome. In
this meta-analysis, significantly reduced values were also de-
tected in BMI, C-peptide, and T2DM duration at 12 months,
which corresponds to most of the model. In addition, HbA1c
was significantly different between the two groups. HbA1c is
part of the DiaRem scoring system introduced by Still et al.
[26]. Debate has arisen over the relative merits of different
score systems [27, 28], and Kam et al. reported that DiaRem
wasmore effective than ABCD in predicting T2DMoutcomes
in Chinese patients [29]. In the future, additional follow-up
studies should include comparisons between remission and
nonremission groups to verify the system in the long term
and improve discriminatory power. Researchers should also
note that at present, with the aid of artificial intelligence tech-
nology, a more precise prediction model could be built based
upon a massive amount of data in the Chinese population and
even the Asian population in general, which requires multi-
center cooperation.

When addressing T2DM surgically, safety should always
be taken into consideration. In the 11 studies included, 10
studies reported complications and mortality. The overall
30-day mortality rate ranges from 0.2 to 0.6%. Liang and
Hsu reported two cases of death at 15 months and 5 years
after surgery, one for gastric cancer. The incidence of mortal-
ity was 0.3% and no 30-day death case was reported. The
general complications include bleeding, leakage, and stenosis
of the anastomosis. Postoperative gastrointestinal bleeding
(12 cases) were most frequently reported and all were man-
aged successfully without surgery. Compared with other da-
tabase studies and meta-analysis whose patients with BMI >
35 kg/m2, the major complication rate in this study is 2.4%,
which is compatible [30–33]. However, more high-quality
evidence is still warranted in studies of complications for pa-
tients whose BMI is lower than 35 kg/m2.

This meta-analysis has some limitations. First, studies with
higher level evidence should be included in further meta-
analyses as we included only nonrandomized studies. Other

Table 7 Comparison between RYGB and conventional treatment (CT) at 12 months

Clinical indices RYGB
(patients, N)

CT (patients, N) Mean Difference
(MD, 95% CI) or odds
ratio (OR, 95% CI)

P value Heterogeneity

Chi-squared Higgins I2 p

Weight 90 286 − 14.61 [− 21.66, − 7.56] < 0.00001* 22.58 96% < 0.00001

BMI 90 286 − 5.05 [− 6.42, − 3.69] < 0.00001* 10.03 90% < 0.00001

SBP 90 286 − 14.82 [− 16.12, − 13.51] < 0.00001* 0.37 0% 0.54

DBP 90 286 − 6.59 [− 7.43, − 5.74] < 0.00001* 0.03 0% 0.86

HbA1c 90 286 − 1.94 [− 2.32, − 1.55] < 0.00001* 4.01 75% 0.55

FPG 90 286 − 3.09 [− 3.26, − 2.92] < 0.00001* 0.18 0% 0.67

DM remission 90 286 37.86** [16.02, 89.49] < 0.00001* 0.99 0% 0.32

TG 90 286 − 1.36 [− 2.23, − 0.48] 0.002* 50.5 98% < 0.00001

A negative MD indicates a lower result in the RYGB group than in CT group. A p value marked with * indicates a significant difference between the
RYGB and CT group. OR, marked with **, was used to compare DM remission; the RYGB group had a higher remission ratio. RYGB, Roux-en-Y
gastric bypass; BMI, bodymass index; SBP, systolic blood pressure;DBP, diastolic blood pressure;HbA1c, glycosylated hemoglobin A1c; FPG, fasting
plasma glucose; DM, diabetes mellitus; TG, triglyceride; CI, confidence interval
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limiting factors included the small sample size, the lack of
young patients, the variety of T2DM remission criteria among
studies, and the mixed surgical techniques represented.
Meanwhile, the evaluation of β-cell function was inadequate,
for the lack of data reported in most studies. Moreover, het-
erogeneity existed in some aspects, which unavoidably limit-
ed the accuracy of this study. Finally, no weight regaining and
T2DM reoccurrence cases were reported, which is an inevita-
ble problem to consider in the long term.

In conclusion, bariatric surgery is effective on Chinese pa-
tients in terms of weight loss, BMI reduction, and metabolism
control at 12, 36, and 60 months of follow-up. Bariatric sur-
gery can be considered an optional treatment for patients with
a BMI of less than 35 kg/m2, as the T2DM remission rate
endures over time and is higher than the rate achieved with
conservative medical treatment. Future study with high-level
evidence and larger number of patients are necessary to better
address effect of bariatric surgery in Chinese patients with
BMI lower than 35 kg/m2. Results of bariatric surgery in
American-born Chinese and/or Indian population with BMI
lower than 35 kg/m2 could also be analyzed to reflect a
Western lifestyle on innate Asian genetics via-a-vis metabolic
syndrome.
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