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ABSTRACT

Introduction: The aim of this study was to
clarify the efficacy and safety of metabolic sur-
gery in Chinese patients with type 2 diabetes
mellitus (T2DM) and a body mass index (BMI)
of 27.5–32.5 kg/m2.
Methods: A total of 99 patients with T2DM
were enrolled in this retrospective cohort study.
Of these patients, 53 had a BMI of 27.5–32.5 kg/
m2 and had undergone metabolic surgery (n =
21) or were on conventional antidiabetic ther-
apy (n = 32)]; 46 had a BMI C 32.5 kg/m2 and all
had undergone metabolic surgery. Primary

endpoints included the triple endpoint [he-
moglobin A1c\6.5%, low-density lipoprotein
cholesterol (LDL-C)\ 2.6 mmol/L, and systolic
blood pressure (SBP)\130 mmHg] and suc-
cessful weight loss 1 year later. Remission of
diabetes, glucose and lipid metabolism, medi-
cation usage, and adverse events were
evaluated.
Results: Of patients with BMI 27.5–32.5 kg/m2

undergoing metabolic surgery, 33.33% achieved
the composite endpoints, and 100% achieved
successful weight loss. This result was similar to
that in patients with BMI C 32.5 and better
than those with BMI 27.5–32.5 kg/m2 receiving
conventional antidiabetic therapy. A significant
and similar reduction in BMI, waist circumfer-
ence, SBP, serum LDL-C, hemoglobin A1c, and
uric acid, as well as similar frequency postop-
erative adverse events, were confirmed in both
metabolic surgery groups. Patients with BMI
27.5–32.5 kg/m2 who had undergonemetabolic
surgery showed more metabolic improvement
than those only receiving medications but they
experienced more adverse events.
Conclusion: A BMI cutoff of 27.5 kg/m2 for
metabolic surgery may be suitable for Chinese
patients with T2DM.
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Key Summary Points

Why carry out this study?

Recent guidelines have begun to loosen
the restrictions on body mass index (BMI)
as the strongest indication for metabolic
surgery, particularly in the presence of
comorbidities such as type 2 diabetes
mellitus (T2DM). However, evidence
regarding the efficacy and safety of such
surgery at lower BMIs (down to 27.5 kg/
m2), especially in Asian populations, is
lacking.

The aim of this study was to compare the
safety and efficacy of metabolic surgery in
Chinese patients with T2DM and a BMI of
27.5–32.5 kg/m2.

What was learned from this study?

Most parameters—including weight loss;
the triple endpoint of hemoglobin A1c\
6.5%, low-density lipoprotein cholesterol
\2.6 mmol/L, and systolic blood pressure
\130 mmHg; glycemic control; and uric
acid levels—were similar among patients
with T2DM who underwent metabolic
surgery whether they had a BMI of
27.5–32.5 kg/m2 or a BMI of C 32.5 kg/m2,
but that they were greatly improved in
patients with T2DM and a BMI of
27.5–32.5 kg/m2 compared with patients
in the same BMI range who only received
conventional antidiabetic therapy

A BMI cutoff of 27.5 kg/m2 for metabolic
surgery may be suitable for Chinese
patients with T2DM

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features

for this article go to https://doi.org/10.6084/
m9.figshare.13705762.

INTRODUCTION

Owing to the rapid increase in the number of
people in the general population with obesity in
the past 30 years, obesity has become a global
epidemic, increasing the morbidity and mor-
tality of metabolic syndrome, type 2 diabetes
(T2DM), and cardiovascular diseases [1, 2]. A
weight loss of at least 15 kg or 10% of body
weight through lifestyle interventions was
confirmed to be efficacious for the remission of
diabetes and reduction of cardiovascular disease
outcomes in the DiRECT and Look AHEAD
studies [3, 4]. In the Daqing diabetes prevention
study, after a 6-year lifestyle intervention that
included weight loss, patients with impaired
glucose tolerance had lower diabetes onset and
fewer cardiovascular disease events and deaths
30 years later [5]. Antidiabetic drugs, such as
glucagon-like peptide-1 receptor agonists,
sodium-dependent glucose transporter-2 inhi-
bitors, and metformin, combined with weight
loss also help to prevent and mitigate T2DM
and decrease cardiovascular disease events
[6–9]. In short-term and long-term studies,
metabolic surgery has been found to remarkably
reverse diabetes in obese patients (including
type I obesity), reduce the incidence of cardio-
vascular disease, and improve the survival of
patients, with longer and effective weight loss
after the operation, compared patients receiving
nonsurgical treatment [10–15]. This finding
means that weight control is the key point to
preventing and treating T2DM and cardiovas-
cular diseases in obesity patients. Metabolic
surgery may actually be a more appropriate
treatment than nonsurgical therapy when
effective weight loss cannot be maintained.

In the past 30 years, the use of metabolic
surgery worldwide has primarily been based on
a 1991 set of recommendations from the
National Institutes of Health that limit these
treatments to individuals with a body mass
index (BMI) of C 40 kg/m2 or to those with BMI
of 35–40 kg/m2 with serious obesity-related
comorbidities, such as T2DM [16]. However,

1430 Diabetes Ther (2021) 12:1429–1444

https://doi.org/10.6084/m9.figshare.13705762
https://doi.org/10.6084/m9.figshare.13705762


studies conducted subsequent to 1991 sug-
gested that persons with a BMI of 30–35 kg/m2

were also good candidates for metabolic sur-
gery, achieving a rapid improvement in gly-
cemic control and cardiovascular risk factors
[13, 14, 17–19]. All guidelines now support this
lower range as well [20–23]. In 2018, the
American Diabetes Association (ADA) reduced
the BMI threshold by 2.5 kg/m2, resulting in a
BMI cutoff range of 27.5–32.4 kg/m2 for Asian-
Americans, as this population is more prone to
T2DM at a lower BMI than are Western popu-
lations [23]. Because of a lack of supporting
evidence concerning metabolic surgery in Chi-
nese patients with T2DM and a BMI of
27.5–32.5 kg/m2, the Chinese Diabetes Society
(CDS) stated that metabolic surgery should be
conservatively recommended in this popula-
tion, especially in the presence of other cardio-
vascular risk factors [24]. Thus, there is a need to
clarify whether metabolic surgery is suitable for
Chinese patients with T2DM who have a BMI of
27.5–32.5 kg/m2.

Therefore, this retrospective study sought to
clarify the efficacy and safety of metabolic sur-
gery in Chinese patients with T2DM who have a
BMI of 27.5–32.5 kg/m2. To accomplish this, we
compared weight loss, blood glucose control,
and related cardiovascular risk factors in Chi-
nese patients with T2DM and a BMI of
27.5–32.5 kg/m2 who had undergone metabolic
surgery with both a control group that only
received antidiabetic medication and a group
with T2DM and a BMI of C 32.5 kg/m2 that
underwent metabolic surgery.

METHODS

Patients

Patients aged 16–65 years with T2DM and a BMI
C 27.5 kg/m2 were included in the present
study. Exclusion criteria were: malignant dis-
ease, serious cardiovascular disease in the pre-
vious 6 months, other contraindications for
metabolic surgery, drug or alcohol abuse,
uncontrolled psychiatric illness, and pregnancy
or planned pregnancy.

The study received ethical approval from the
Ethics Committee of the hospital and con-
formed to the provisions of the Declaration of
Helsinki. Anonymity of all patients was
preserved.

Study Design

This retrospective cohort study was conducted
between April 2013 and March 2019 at the
Drum Tower Hospital, affiliated with the Nan-
jing University Medical School, China. We col-
lected patient data based on previous actual
follow-up information. A total of 46 T2DM
patients with BMI C 32.5 kg/m2 and 21 patients
T2DM patients with BMI 27.5–32.5 kg/m2 who
received metabolic surgery in the Department
of General Surgery and completed a 1-year fol-
low-up were included in the study. Forty-six
T2DM patients with BMI of 27.5–32.5 kg/m2

who only given with conventional antidiabetic
therapy (medications) in the Department of
Endocrinology were identified and included in
the control group based on matched age, sex,
and duration of diabetes.

Laparoscopic metabolic surgery, including
sleeve gastrectomy and Roux-en-Y gastric
bypass, was performed by a single surgeon who
had [ 6 years of experience performing these
surgeries. Patients were followed up postopera-
tively at outpatient visits by a multidisciplinary
team, including an experienced diabetologist,
exercise physiologist, dietitian, certified dia-
betes nurse educator, and psychiatrist at 1, 3, 6,
and 12 months after surgery based on guideli-
nes for the surgical treatment of obesity and
T2DM [25]. Patients receiving metabolic surgery
were advised to take a double dose of multivi-
tamins daily, a pill of caltrate ? vitamin 600
tablet twice daily, and an alfacalcidol soft cap-
sule 0.5 ug once daily, with the dosage to be
adjusted based on the blood test results. A fer-
rous succinate tablet could be added based on
the plasma hemoglobin and serum ferritin
levels. Antidiabetic, antihypertensive, lipid-
lowering drugs were adjusted based on blood
glucose, blood pressure, and serum lipid levels
tested at each follow-up visit [25, 26]. The diet
of postoperative patients gradually transitioned
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from liquid to general diet [25, 26]. Exercise
physiologists provided specific exercise guid-
ance based on the physical recovery of each
patient after the operation [25, 26]. In an
emergency, patients could also easily contact
the multidisciplinary team in real time through
the WeChat group.

Patients in the BMI 27.5–32.5 kg/m2 con-
ventional antidiabetic therapy group were given
advice regarding antidiabetic agents and life-
style counseling for weight loss based on
guidelines for the prevention and treatment of
T2DM [24]; this advice was provided by an
experienced diabetologist, exercise physiologist,
dietitian, and certified diabetes nurse educator
in the outpatient department once every
1–3 months.

Data collected at each follow-up for all
groups included weight, height, waist circum-
ference (WC), and blood pressure measured by a
certified nurse with a standard measurement
method. Laboratory measurements, including
lipid profile, glycated hemoglobin A1c (HbA1c),
serum uric acid, and fasting blood glucose
(FBG), were tested at a fasting state in the
morning following a fast for 8–10 h, and medi-
cation usage was also recorded. In addition,
insulin and C-peptide levels were measured at 0
and 120 min and serum glucose at 120 min after
a standard meal both at baseline and 1 year later
for all groups.

Study Outcomes

The primary endpoints included the triple
endpoint, i.e. HbA1c\ 6.5%, low-density
lipoprotein cholesterol (LDL-C)\2.6 mmol/L,
systolic blood pressure (SBP)\ 130 mmHg, and
successful weight loss, defined as percentage
excess weight loss (EWL)[50% at the 1-year
follow-up [27, 28]. Percentage EWL was calcu-
lated as [(initial weight - follow-up weight)])/
[(initial weight - ideal weight for a BMI of 25
kg/m2)] 9 100%, and failure of weight loss was
defined as an EWL of\25% [27, 28]. Secondary
endpoints included weight loss, glycemic and
blood pressure control, insulin resistance
[(homeostasis model assessment of insulin
resistance HOMA-IR): (serum FBG 9 serum

fasting insulin)/22.5], remission of T2DM with
two different criteria (defined as HbA1c\6.5%
and FBG\5.6 mmol/L, with no use of antidia-
betic agents for 1 year based on the CDS
guideline [25], or HbA1c \ 6.5% without any
antidiabetic agents for 1 year [29]), medication
usage, and adverse events. Adverse events were
defined as surgery-associated complications or
nutrient deficiency, with surgery-associated
complications including wound infection,
bleeding, leak, cholelithiasis, pneumonia,
dumping syndrome, and death, and nutrient
deficiency including anemia, ferritin deficiency,
and osteoporosis.

Statistical Analysis

SPSS version 18.0 software (IBM Corp., Armonk,
NY, USA) was used by an independent statisti-
cian to analyze the data. Statistical significance
was defined as P\0.05 with two-sided tests.
Normal distribution and categorical variables
were described as means ± standard errors and
frequencies, respectively. Primary endpoint at 1
year, remission of diabetes, and medication
usage were assessed by the Chi-squared test.
Differences between baseline and post-inter-
vention within each treatment group were
evaluated using the paired Student’s t-test. Dif-
ferences between the intervention groups after
adjusting for baseline values were evaluated by
analysis of covariance.

RESULTS

In total, 21 patients (11 men) were included in
the BMI 27.5–32.5 kg/m2 metabolic surgery
group, 46 (16 men) in the BMI C 32.5 kg/m2

metabolic surgery group, and 32 (21 men) in the
BMI 27.5–32.5 kg/m2 conventional antidiabetic
therapy group (Fig. 1). Baseline characteristics
of the study patients are shown in Table 1. With
the exception of a lower baseline HOMA-IR
(P = 0.032) in the BMI 27.5–32.5 kg/m2 con-
ventional antidiabetic therapy group, all base-
line characteristics were similar between the
BMI 27.5–32.5 kg/m2 conventional antidiabetic
therapy group and BMI 27.5–32.5 kg/m2 meta-
bolic surgery group. Baseline clinical
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characteristics did not differ between the two
surgery groups (Table 1).

Primary Endpoint

At 1 year, the triple endpoint was achieved by
more patients in the BMI 27.5–32.5 kg/m2

metabolic surgery group than by those in the
BMI 27.5–32.5 kg/m2 conventional antidiabetic
therapy group [7 (33.33%) vs. 0 (0%); odds ratio
(OR) 0.065; 95% confidence interval (CI)
0.007–0.575; P\0.001]; the former also
achieved a higher degree of EWL[50% (21
[100%] vs. 2 [6.25%]; OR 0.063; 95% CI
0.016–0.239; P\ 0.001; Table 2, Fig. 2). There
was no difference in any of the components of
the triple endpoint or EWL[ 50% between the
two surgery groups (all P[ 0.05). Moreover, at 1
year, patients in the BMI 27.5–32.5 kg/m2

metabolic surgery group were more likely to
achieve HbA1c\6.5% than those in the BMI
27.5–32.5 kg/m2 conventional antidiabetic
therapy group (80.95 vs. 12.50%; P\ 0.001;
Table 2).

Diabetes Control and Remission
of Diabetes

In both surgery groups, HbA1c, FBG, HOMA-IR,
and serum glucose at 120 min after a standard
meal significantly decreased at 1 year post-
surgery (P\ 0.001–0.05), but they remained
high in the BMI 27.5–32.5 kg/m2 conventional
antidiabetic therapy group (Table 1). Reduc-
tions in these values did not differ between the
two surgery groups; moreover, HbA1c and FBG
markedly decreased at 1 month postsurgery
(P\0.05), remaining at approximately 6% and
5–6 mmol/L, respectively, over the year of
observation (Fig. 3c, d). According to the 2017
CDS guidelines [14], 33.33% of patients in the
BMI 27.5–32.5 kg/m2 metabolic surgery group
and 47.82% of patients in the BMI C 32.5 kg/m2

metabolic surgery group achieved diabetes
remission at the 1 year follow-up, with no dif-
ference in remission rates between the two
surgery groups. In contrast, no patient in the
BMI 27.5–32.5 kg/m2 conventional antidiabetic
therapy group achieved this standard (Table 3).
Similarly, 72.22% of patients in the BMI

Fig. 1 Flow chart of study participants. BMI Body mass index
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27.5–32.5 kg/m2 metabolic surgery group and
69.75% in the BMI C 32.5 kg/m2 metabolic
surgery group attained HbA1c\ 6.5% without
the use of antidiabetic medications, whereas no
patient in the BMI 27.5–32.5 kg/m2 conven-
tional antidiabetic therapy group achieved this
standard [17] (Table 3). Patients in the BMI
27.5–32.5 kg/m2 metabolic surgery group were
more likely to achieve diabetes remission at 1

year than those in the BMI 27.5–32.5 kg/m2

conventional antidiabetic therapy group
(Fig. 2).

Diabetes Medication

In both surgery groups, patients using antidia-
betic medicines showed a similar degree of

Fig. 3 Changes in total weight loss in the three study
groups. The proportions of patients who lost at least 5, 10,
or 20% of their baseline body weight in each intervention
group. **P\ 0.001, indicates a significant difference

between the BMI 27.5–32.5 kg/m2 metabolic surgery
group and the BMI 27.5–32.5 kg/m2 conventional antidi-
abetic therapy group

Fig. 2 Risk analysis of the endpoints for control of type 2
diabetes mellitus. The endpoints include the triple
endpoint [hemoglobin A1c\ 6.5%, low-density lipopro-
tein cholesterol\ 2.6 mmol/L, and systolic blood

pressure\ 130 mmHg), excess weight loss[ 50%,
BMI\ 24 kg/m2, diabetes remission, and use of antidia-
betic medications. EWL excess weight loss
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decrease 1 year later, especially in terms of
insulin use (P\ 0.05 for all comparisons;
Table 4). Patients in the BMI 27.5–32.5 kg/m2

conventional antidiabetic therapy group
showed an upward trend in the amount of
antidiabetic medicines used (P = 0.015;
Table 4). At 1 year, fewer patients in the BMI
27.5–32.5 kg/m2 metabolic surgery group than
in in the BMI 27.5–32.5 kg/m2 conventional
antidiabetic therapy group used antidiabetic
drugs to control glycemia (Table 4; Fig. 2).

Weight Loss and Waist Circumference

Both surgery groups achieved significant weight
loss as well as significantly decreased BMI and
WC (all P\0.001), and there were no differ-
ences between the groups. However, patients in
the BMI 27.5–32.5 kg/m2 conventional antidia-
betic therapy group did not achieve significant
weight loss or a reduction in BMI or WC.
Accordingly, a greater degree of weight loss and
a greater decrease in BMI and WC were attained
in the BMI 27.5–32.5 kg/m2 metabolic surgery
group than in the BMI 27.5–32.5 kg/m2 con-
ventional antidiabetic therapy group (all
P\ 0.001); furthermore, patients in the BMI
27.5–32.5 kg/m2 metabolic surgery group were
more likely to have a BMI\24 kg/m2 at 1 year
postsurgery (Table 1; Fig. 2). The weight and
BMI of the patients in the two surgery groups

showed a similar downward trend at the 1 year
time point (Fig. 3a, b). Rates of weight loss
C 10% and C 20% in the BMI 27.5–32.5 kg/m2

metabolic surgery group were 100 and 81%,
respectively, and in the BMI C 32.5 kg/m2

metabolic surgery group, these values were 98
and 87%, respectively, at 1 year postsurgery;
however, only 22% of patients in the BMI
27.5–32.5 kg/m2 conventional antidiabetic
therapy group lost C 5% of weight and no
patient lost C 20% (all P\ 0.001; BMI
27.5–32.5 kg/m2 metabolic surgery group vs.
BMI 27.5–32.5 kg/m2 conventional antidiabetic
therapy group; Fig. 4).

Metabolic Improvement

Systolic blood pressure, diastolic blood pressure
(DBP), serum uric acid, LDL-C, and high-density
lipoprotein cholesterol (HDL-C) improved
markedly in the two surgery groups
(P\0.001–0.05) but did not change in the BMI
27.5–32.5 kg/m2 conventional antidiabetic
therapy group (Table 1). Changes in SBP, DBP,
serum uric acid, HDL-C, and LDL-C were not
statistically significantly different between the
two surgery groups. Patients in the BMI
27.5–32.5 kg/m2 metabolic surgery group
achieved a higher degree of reduction in SBP,
DBP, serum uric acid, HDL-C, and LDL-C than
those in the BMI 27.5–32.5 kg/m2 conventional

Table 3 Remission of diabetes

BMI 27.5–32.5 kg/
m2

Conventional
antidiabetic
therapy (N = 32)

BMI 27.5–32.5 kg/m2

Metabolic surgery
(N = 21)

BMI ‡ 32.5 kg/m2

Metabolic surgery
(N = 46)

P1 P2

Without the use of antidiabetics,

HbA1c B 6.5%, N (%)

0 13 (72.22) 32 (69.75) \ 0.001 0.536

Without the use of antidiabetics,

HbA1c B 6.5%,

FBG B 5.6 mmol/L, N (%)

0 7 (33.33) 22 (47.82) 0.002 0.267

P1: BMI 27.5–32.5 kg/m2 conventional antidiabetic therapy group vs. metabolic surgery group
P2: BMI 27.5–32.5 kg/m2 metabolic surgery group vs. BMI C 32.5 kg/m2 metabolic surgery group
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antidiabetic therapy group (all P\ 0.05;
Table 1).

Adverse Events

Significant adverse events that occurred up to 1
year after metabolic surgery or the initiation of
conventional antidiabetic therapy are shown in
Table 2. In the BMI 27.5–32.5 kg/m2 metabolic
surgery group, patients experienced seven
adverse events within 1 year, which are as fol-
lows: cholelithiasis (N = 1), anemia (N = 2),
ferritin deficiency (N = 2), and osteoporosis

(N = 2); this result was similar to that in the
BMI C 32.5 kg/m2 metabolic surgery group, but
more than that in the BMI 27.5–32.5 kg/m2

conventional antidiabetic therapy group.

DISCUSSION

Nowadays, BMI C 32.5 kg/m2 serves as the
threshold for recommending metabolic surgical
candidacy in Chinese patients with T2DM
[24, 25]. A lower BMI cutoff of 27.5 kg/m2 for
Asian-Americans is recommended in Western

Fig. 4 Changes in body weight (a), BMI (b), hemoglobin
A1c (HbA1c) (c), and fasting blood glucose (FBG) (d) over
time in the BMI 27.5–32.5 kg/m2 metabolic surgery group
and in the BMI C 32.5 kg/m2 metabolic surgery group. *,
**Significant difference at the indicated follow-up time-
points vs. baseline at *P\ 0.05 and **P\ 0.001, respec-
tively; �, ��Significant difference at the indicated follow-

up time-points vs. 1 month at �P\ 0.05 and ��
P\ 0.001, respectively; �, �� Signicant differences at the
indicated follow-up time-points vs. 3 months at �P\ 0.05
and ��P\ 0.001, respectively; §Significant difference at
the indicated follow-up time-point at P\ 0.05 vs.
6 months. Data are shown as the mean ± standard error
of the mean
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countries [23, 30]. Although tens of millions of
patients in China with T2DM have a BMI of
27.5–32.5 kg/m2, according to a guideline,
metabolic surgery is a less supported option for
these patients [24]. Our findings confirm that
metabolic surgery resulted in better metabolic
outcomes and successful weight loss at 1 year
postsurgery compared to the conventional
antidiabetic treatment in Chinese patients with
T2DM and BMI of 27.5–32.5 kg/m2. These
results are similar to those for patients with a
BMI of C 32.5 kg/m2 who underwent metabolic
surgery.

A previous study in our hospital showed that
48% of T2DM patients with an average BMI of
33.3 kg/m2 achieved the triple endpoint,
including HbA1c\7.0%, LDL-C\100 mg/dL,
and SBP\130 mmHg at 1 year after Roux-en-Y
gastric bypass (RYGB) surgery, while only 3% of
patients with an average BMI of 32.1 kg/m2 in
the conventional antidiabetic therapy group
achieved this goal [31]. However, this study did
not clarify whether patients with lower BMI
would get more benefits from metabolic surgery
compared with those receiving conventional
antidiabetic treatment. The Diabetes Surgery
Study, a randomized clinical trial that included
Asian patients, found that compared with life-
style/intensive medical management alone,
RYGB was beneficial for maintaining diabetes
treatment targets, including HbA1c\7.0%,
LDL-C\100 mg/dL, and SBP\ 130 mmHg for
T2DM patients with a BMI 30–35 kg/m2 at 1, 2,
and 5 years postsurgery [32–34]. In the present
study, 33.33% of patients with a BMI of
27.5–32.5 kg/m2 achieved the triple endpoints 1
year after metabolic surgery; this result was
similar to that in patients with a BMI C 32.5 kg/
m2. In contrast, no patient with a BMI of
27.5–32.5 kg/m2 who received only conven-
tional antidiabetic therapy achieved the triple
endpoints. This strongly suggests that for T2DM
patients, a BMI cutoff of 27.5 kg/m2 for meta-
bolic surgery yields superior triple endpoint
values for T2DM 1 year later, including lowering
HbA1c to\ 6.5%.

A number of meta-analyses that have com-
pared metabolic surgery with medical/lifestyle
treatments in T2DM patients, mostly from a
Western patient population, have confirmed

that metabolic surgery achieves better T2DM
remission and improvement of glycemic con-
trol and HbA1c, regardless of whether the
baseline BMI of a patient was below or above
35 kg/m2 [20, 29, 34, 35]. Similarly, we found
that patients with a BMI of 27.5–32.5 kg/m2

who underwent metabolic surgery achieved
superior glycemic control and lower HbA1c
similarly to patients with a BMI of C 32.5 kg/
m2. The former were also more likely to achieve
T2DM remission according to the strict CDS
standard [25] or to relatively less strict standards
[29] at 1 year after metabolic surgery than were
patients with a similar BMI but who only
received conventional antidiabetic therapy.
Previous studies support the premise that
metabolic surgery may substantially reduce the
cost of antidiabetic medications and disease
burden [15, 29]. In the present study, we
observed that two surgery groups achieved a
marked reduction in antidiabetic medications,
especially insulin, while the use of antidiabetics
appeared to increase in the conventional
antidiabetic therapy group. Regarding patients
with a BMI of 27.5–32.5 kg/m2, a higher num-
ber of those who only received conventional
antidiabetic therapy used less medication to
control blood glucose compared to those who
underwent metabolic surgery.

Similar to prior studies [32–34], metabolic
surgery had an advantage over antidiabetic
therapy in terms of reducing body weight, BMI,
and WC in T2DM patients with a BMI of
27.5–32.5 kg/m2. Weight loss and reduction of
WC have been shown to improve glycemic
control and metabolic disorders [34, 36].
Therefore, the greater and more sustained
weight loss observed after metabolic surgery
may help patients with T2DM achieve
stable improvement of glycemic or lipidemic
disorders or other metabolic disorders.

Consistent with other studies of outcomes
following bariatric surgery for patients with
T2DM with a similar or higher BMI
[15, 29, 32–34], cardiovascular risk factors, such
as high blood pressure, and serum levels of
lipids and uric acid showed more favorable
results in the surgical groups, including those
with a BMI of 27.5–32.5 kg/m2, than in the
conventional antidiabetic therapy group.
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Furthermore, changes in cardiovascular risk
factors were comparable following metabolic
surgery in patients with a BMI of 27.5–32.5 kg/
m2 and those with a BMI of C 32.5 kg/m2.

A systematic review and meta-analysis [29]
reported that the adverse events rate of meta-
bolic surgery for patients with a BMI 30–35 kg/
m2 was 6–20% with no deaths; this value is
similar to the published rates for patients with a
baseline BMI C 35 kg/m2 [38]. Similarly, in the
present study, a similar number of surgical
complications and metabolic adverse events
were documented in the two metabolic surgery
groups, regardless of BMI; these complications
may be related to changes in anatomical struc-
ture and nutrient deficiency [39, 40]. For
patients with T2DM and a BMI of 27.5–32.5 kg/
m2, there were more metabolic adverse events
for those who underwent surgery than for those
who only received conventional antidiabetic
treatment. Therefore, we believe that it is nec-
essary to highlight the importance of postop-
erative follow-up and prompt use of nutritional
supplements.

There are a number of limitations to our
study. Firstly, it lacked an analysis of other
outcomes, including diabetes complications
and patient quality-of-life analyses. Second, it is
a retrospective study with limited follow-up
time. Finally, this study included a relatively
small sample size from a single location. Trials
involving larger patients sample sizes and
longer duration are needed to fully evaluate the
role of metabolic surgery in patients with T2DM
and a BMI of 27.5–32.5 kg/m2 in the Chinese
population.

CONCLUSIONS

In conclusion, the results of this study demon-
strate that metabolic surgery achieves a better
therapeutic triple endpoint (HbA1c\6.5%,
LDL-C\2.6 mmol/L, and SBP\130 mmHg)
and EWL[50% than does conventional
antidiabetic treatment. They also show that
metabolic surgery is associated with an
improvement in metabolic disorders at 1 year
postsurgery compared to the conventional
antidiabetic therapy alone in Chinese patients

with T2DM and a BMI of 27.5–32.5 kg/m2, and
that these results were the same for patients
with a BMI of[ 35 kg/m2, the recognized sur-
gical cutoff. The study provides new evidence
for a BMI cutoff of 27.5 kg/m2 for metabolic
surgery in Chinese patients with T2DM, thus
helping extend the indication for metabolic
surgery application and benefit for effective
management of T2DM at a time when this dis-
ease is spreading rapidly throughout the
country.
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