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Diabetes remission of bariatric surgery
and nonsurgical treatments in type 2
diabetes patients who failure to meet

the criteria for surgery: a systematic review
and meta-analysis

Xiaoying Zhou and Chunping Zeng

Abstract

Background The efficacy of bariatric surgery in moderate and severe obesity patients to reach diabetes remission is
clear, but for mild obesity patients, the choice of surgical and non-surgical treatment is still unclear. This study we aim
to compare the effect of surgical and nonsurgical treatment on patients BMI < 35 kg/m? to reach diabetes remission.

reduction of BMI, Hb1Ac and FPG.

Method We searched relevant articles publish between Jan 1,2010 and Jan 1, 2023 in the following databases:
Embase, PubMed/MEDLINE, Scopus, and Cochrane Library. We got the OR, MD and P-value using random effect
model to compare the efficiency between bariatric surgery and nonsurgical treatment on diabetes remission, the

Results In 7 included studies including 544 participants, bariatric surgery is more effective than non-surgical treat-
ment to reach diabetes remission [OR 25.06, 95%CL 9.58-65.54]. Bariatric surgery more likely resulted in significant
reductions in HbA1c [MD -1.44, 95%CL (-1.84)-(-1.04)] and FPG [MD -2.61, 95%CL (-3.20)-(-2.20)]. Bariatric surgery may
resulted in reductions in BMI [MD -3.14, 95%CL (-4.41)-(-1.88)], which more significant in Asian.

Conclusion In type 2 diabetes patients who BMI < 35 kg/m?, bariatric surgery is more likely to achieve diabetes
remission and better blood glucose control than nonsurgical treatment.

Keywords Diabetes remission, Bariatric surgery, BMI<35kg/m’

Introduction

Type 2 diabetes mellitus (T2DM) has been regarded as a
chronic disease characterized by hyperglycemia caused
by the interaction of genetic factors and environmental
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factors. According to data released by the International
Diabetes Federation (IDF), the global prevalence of dia-
betes among people aged 20-79 is estimated at 10.5%
(536.6 million people) in 2021, and is expected to rise to
12.2% (783.2 million) by 2045 [1]. T2DM has high inci-
dence rate, morbidity and mortality, causing a heavy bur-
den on individual families and society.

The 2021 ADA consensus statement updated the
recommended definition of diabetes remission:
HbAlc<6.5% for at least 3 months after suspending
hypoglycemic drug [2]. If there are factors that affect
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the accuracy of HbAlc detection, the surrogate indica-
tor can be use: the average HbA1<6.5% estimated by
continuous blood glucose monitor or fasting blood glu-
cose < 7.0 mmol/L [3]. Diabetes requires long-term treat-
ment with antidiabetic medications, which is essential
to prevent acute complications and reduce the risk of
long-term complications. However in recent years, this
statement is gradually changing with the continuous
accumulation of evidence-based medicine [4]. When
patients reach diabetes remission, they can free from
hypoglycemic medications for some time and delay dis-
ease progression.

It is known that three ways to reach diabetes remission.
There is clear evidence that intensive lifestyle manage-
ment and bariatric surgery can promote the remission
of T2DM by significantly reducing body weight [2, 5, 6].
In previous primary care-led weight management study,
46% of patients with T2DM reached diabetes remission
[2]. For bariatric surgery, 72% of T2DM patients can
achieve diabetes remission after 2 years [7]. In addition,
latest clinical evidence supports that short-term intensive
insulin therapy (SIIT) also be used to reach T2DM remis-
sion [8]. For 2 weeks of SIIT treatment, 42% of patients
with T2DM reached diabetes remission after 2 years [9].

According to NIH (National Institutes of Health)
standard, type 2 diabetes patients who BMI above 35 kg/
m?2 are eligible for bariatric surgery. However this stand-
ard was formulated 20 years ago and have not updated,
and now the mortality and complications of surgery have
been reduced compared with 20 years ago [10, 11]. Indi-
cation for bariatric surgery in patients with BMI<35 kg/
m? is controversial, and no guidelines currently recom-
mend bariatric surgery for non-obese patients. There-
fore, it is necessary to study diabetes patients with
BMI<35 kg/m® Current nonsurgical treatments for
patients with BMI<35 kg/m? are often ineffective in
achieving significant long-term weight loss and diabetes
remission. There is new evidence to support that the mild
obese diabetic patients who suffered bariatric surgery are
more able to reach diabetes remission than those who
had non-surgical therapy [12]. This article aims to evalu-
ate the diabetes remission, weight loss and blood glucose
control of patients with BMI< 35 kg/m?* who had bariat-
ric surgery and other nonsurgical treatments, and pro-
vide clues whether to have bariatric surgery for patients
who BMI do not meet the surgical criteria.

Methods

Search strategy and selection criteria

This systematic review and meta-analysis follow guide-
lines established by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
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statement and was registered at International Prospective
Register Systematic Reviews (number CRD42022306363).

We searched relevant literature publish between Jan 1,
2010 and Jan 1, 2023 in the following database: Embase,
PubMed/MEDLINE, Scopus, and Cochrane Library.
Articles were identified by combination of keywords:
"bariatric surgery” OR "metabolic surgery" OR "diabetic
surgery" AND "BMI<35 kg/m?>" OR "mild obese" AND
“diabetes remission” OR “remission of diabetes” The
complete search was: (bariatric surgery [Mesh Terms]
OR metabolic surgery [Text Word] OR diabetic surgery
[Text Word]) AND (BMI<35 kg/m? [Mesh Terms] OR
mild obese [Text Word]) AND (diabetes remission [Mesh
Terms] OR remission of diabetes [Text Word]).

We included all potentially eligible studies for review
written in the English language. Two independent inves-
tigators (ZX, LT) reviewed the literature. We screened
the articles through database search, screening title and
abstract then inclusion remaining studies for detailed
assessment. Research with design research defects, sta-
tistical method errors that cannot be corrected and
unable to obtain appropriate outcome indicators will be
excluded. And the included articles were read in full and
assessed by two investigators. Finally, disagreements will
be resolved by a third investigator (ZC). The included lit-
erature is explained by Cochrane bias risk assessment.

We extracted the following data from included stud-
ies: year of publication, sample size, country, type of
study, type of bariatric surgery, type of nonsurgical treat-
ment, baseline mean BMI (kg/m?), number of partici-
pants reach diabetes remission, change in BMI (mean,
SD), change in glycosylated hemoglobin(HbA1lc) (mean,
SD), change in fasting plasma glucose(FPG) (mean, SD).
In addition, we assessed risk of bias based on PRISMA
recommendations.

Statistical analysis
We use review management V.5.4 for data processing
and analysis. We assessed the efficiency between of the
bariatric surgery and nonsurgical treatments through
four outcomes: number of participants reach diabetes
remission, change in BMI, change in HbAlc and change
in FPG. We analyzed number of participants reach dia-
betes remission as a dichotomous variable, using Man-
tel-Haenszel method to report the difference before
and after the intervention. We analyzed change in BMI,
HbAlc and FPG as a continuous variable, using Inverse
Variance method to reported the difference between the
arithmetic mean before and after the intervention. In
addition, in the group of change in BMI, we conducted
subgroup analysis grouped by ethnicity.

We use Cochrane Q test to assess the heterogene-
ity of studies, and we can consider that there is no
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heterogeneity when the p-value<0.1. We also use I?
test to assess the heterogeneity of studies, and hetero-
geneity is acceptable as long as I? < 50. Sensitivity analy-
sis was carried out by removing individual studies one
by one to observe the changes of heterogeneity and
deleting the small sample studies that make the fun-
nel diagram asymmetric. Revman5.4 is used to evaluate
risk bias and visualize the results into risk of bias graph
and risk of bias summary. And we identified possibility
of publication bias by funnel plot.

Results

Study characteristics

Based on the keyword combination search, we identified
351 articles, and after screening the titles and abstracts
and reading the full articles, 7 articles were included for
our study (Table 1). The included studies were all pub-
lished after 2010. The population included Caucasian and
Asian with baseline mean BMI between 29-35 kg/m?. For
nonsurgical treatment, Keong C’s used medical manage-
ment, Wenhuan F’s combined weight management and
antidiabetic drugs and Mohit B’s only used glucagon-like
peptide-1 analogues (GLP-1), and all of them used Roux-
en-Y gastric bypass surgery (RYGB) as surgical treat-
ment [13-15]. Daniel H’s clinical trial is a randomized
controlled study used three different types of surgery
and medical weight management as non-surgical treat-
ment [12]. Chih-Cheng H’s clinical trial is a retrospective
cohort study used laparoscopic sleeve gastrectomy (LSG)
and gastric bypass (GB) as surgical treatment, and medi-
cal management as non-surgical treatment [16]. John M’s
clinical trial is a randomized controlled study used lapa-
roscopic adjustable gastric banding (LAGB), and multi-
disciplinary diabetes care as non-surgical treatment [17].
Bruno G’s Retrospective cohort study used duodenal-
jejunal bypass (DJB), and standard medical care as non-
surgical treatment [18].

Meta-analysis results

Diabetes remission

In 7 included studies 5 studies reported number of
patients reach diabetes remission. 64.0% (32/50) of par-
ticipants achieved diabetes remission after surgical inter-
vention and 2.8% (7/250) achieved diabetes remission
after non-surgical treatment, which bariatric surgery is
more likely to achieve diabetes remission than nonsurgi-
cal treatment. Under the random effect model, the OR is
25.06, 95% confidence interval is 9.58—65.54, P<0.00001

(Fig. 1).

BMI
In 7 included studies 6 studies reported the mean BMI
before and after intervention. Patients who had bariatric
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surgery is more significantly lower BMI than non-sur-
gical treatment. Under the random effect model, the
MD is -3.81, 95% confidence interval is (-4.55)-(-3.06),
P<0.00001 (Fig. 2). After subgroup analysis grouped by
ethnicity, the effect was greater for Asians [MD -4.73,
95%CL (-5.99)-(-3.46)] than Caucasians [MD -2.55,
95%CL (-3.94)-(-0.55)].

HbA1c

In 7 included studies 6 studies reported HbAlc. It shows
that bariatric surgery is more significant lower HbAlc
than non-surgical treatment. Under the random effect
model, the MD is -1.44, 95% confidence interval is
(-1.84)-(-1.04), P<0.00001 (Fig. 3).

FPG

In 6 included studies 4 studies reported FPG. It shows
that bariatric surgery is more significant lower FPG than
non-surgical treatment. Under the random effect model,
the MD is —2.61, 95% confidence interval is (-3.20)-(-
2.02), P<0.00001 (Fig. 4).

Risk of bias in the included study

The risk of bias was particularly high in the domain
of selection, detection and reporting bias due to the
included studies failure to generate a random sequence,
assess the blinding of outcome and report the outcome
fully (Figs. 5 and 6).

Sensitivity analysis and publication bias

Sensitivity analysis was performed to assess the reliability
of the results by sequentially repeating the meta-analysis.
Our results may be affected by publication bias, for sta-
tistically meaningful outcome are published more fre-
quently than meaningless outcome.

Discussion

Our results demonstrated that bariatric surgery is more
efficient than non-surgical treatment in achieving dia-
betes remission for patients with BMI<35 kg/m? who
failure to reach the criteria for surgery. Although the
non-surgical treatment included strict weight manage-
ment, oral drug therapy and injection of insulin and
GLP1, bariatric surgery is superior to reach diabetes
remission and more significant reduction in BMI, HbAlc
and FPG. The studies have shown that surgical treat-
ment can achieve diabetes remission in obese patients.
For G. Ribaric’s meta analysis, the overall T2DM remis-
sion rate for surgery group was 63.5% and conventional
group was 15.6% [19]. For our meta analysis, the overall
T2DM remission rate for surgery group was 56.1% and
conventional group was 7.0%. Our T2DM remission rate
were slightly lower than G. Ribaric’s studies, and this
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Bariatric surgery  Nonsurgical treatment Odds Ratio Odds Ratio

r I Even Total Events Total Weight M-H. Random % Cl M-H. Random % Cl
Chih-Cheng H 2015 32 50 7 250 38.5% 61.71[23.92, 159.20] ——
Daniel H 2020 9 29 0 14 92% 13.44[0.72, 249.74] N
John M 2014 21 23 15 25 21.8% 7.00 [1.34, 36.69] e
Keong C 2017 1 22 1 19 14.8% 18.00 [2.03, 159.27] -
Wenhuan F 2018 19 40 1 36 15.8% 31.67 [3.95, 254.08] -
Total (95% CI) 164 344 100.0% 25.06 [9.58, 65.54] -
Total events 92 24

Heterogeneity: Tau? = 0.39; Chi? = 5.97, df = 4 (P = 0.20); 1> = 33%

Test for overall effect: Z = 6.57 (P < 0.00001) 0.001 01 ! 10 1000

Bariatric surgery Nonsurgical treatment
Fig. 1 Forest plot of patients reach diabetes remission after bariatric surgery compared to non-surgical treatment

Bariatric surgery Nonsurgical treatment Mean Difference Mean Difference
udy or Subg eil 95% Cl IV, Random, 95% Cl
2.3.1 Asian
Chih-Cheng H 2015 24.5 2.4 50 28.8 2.6 250 19.4%  -4.30[-5.04, -3.56] -
Wenhuan F 2018 25.6 4.1 40 31.3 4.2 36 14.3%  -5.70[-7.57,-3.83] -
Subtotal (95% Cl) 90 286 33.6% -4.73[-5.99, -3.46] -
Heterogeneity: Tau? = 0.45; Chi2 = 1.86, df = 1 (P = 0.17); I = 46%
Test for overall effect: Z = 7.34 (P < 0.00001)
2.3.2 Caucasian
Bruno G 2012 26.4 2.6 18 259 1.9 18 16.1% 0.50 [-0.99, 1.99] -
Daniel H 2020 25.8 3.1 29 28.6 3.6 14 12.7%  -2.80[-5.00, -0.60] -
John M 2014 25 2 23 28 2 25 17.8% -3.00 [-4.13, -1.87] -
Mohit B 2017 2739 1.28 30 30.88 1.14 30 19.8%  -3.49[-4.10, -2.88] -
Subtotal (95% Cl) 100 87 66.4% -2.25[-3.94, -0.55] -
Heterogeneity: Tau? = 2.48; Chi? = 23.65, df = 3 (P < 0.0001); I = 87%
Test for overall effect: Z =2.60 (P = 0.009)
Total (95% CI) 190 373 100.0% -3.14 [-4.41, -1.88] -
Heterogeneity: Tau? = 2.00; Chi? = 38.68, df = 5 (P < 0.00001); I = 87% m 5 5 5 ; 0’

Test for overall effect: Z = 4.88 (P < 0.00001)
Test for subgroup differences: Chi? = 5.29, df =1 (P = 0.02), I> = 81.1%

Fig. 2 Forest plot of BMI level after bariatric surgery compared to non-surgical treatment

Bariatric surgery Nonsurgical treatment

Bariatric surgery Nonsurgical treatment Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Random, 95% Cl 1V, Random. 95% CI
Bruno G 2012 8 0.8 18 8.6 0.9 18 17.7% -0.60 [-1.16, -0.04] ]
Chih-Cheng H 2015 6.1 1.1 50 8 1.6 250 22.1% -1.90 [-2.26, -1.54] -
Daniel H 2020 6.93 1.37 27 8.26 1.8 14 9.1% -1.33 [-2.41, -0.25] -
John M 2014 6.1 1 23 7.3 1.4 25 15.1% -1.20 [-1.88, -0.52] -
Mohit B 2017 57 0.6 30 7.2 0.3 30 24.6% -1.50 [-1.74, -1.26] -
Wenhuan F 2018 5.8 14 40 7.9 24 36 11.4% -2.10 [-3.00, -1.20] -
Total (95% Cl) 188 373 100.0%  -1.44[-1.84,-1.04] <>

Heterogeneity: Tau? = 0.15; Chi? = 17.26, df =5 (P = 0.004); I?=71% iy . : .

o -4 -2 0 2 4
Test for overall effect: Z=7.06 (P < 0.00001) Bariatric surgery Nonsurgical treatment

Fig. 3 Forest plot of HbA1c level after bariatric surgery compared to non-surgical treatment

Bariatric surgery Nonsurgical treatment Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Random, 95% Cl IV, Random, 95% CI
Bruno G 2012 8.3 25 18 9.1 26 18  9.6% -0.80 [-2.47, 0.87] —
Chih-Cheng H 2015 59 1.6 50 8.9 3.4 250 28.4%  -3.00[-3.61,-2.39] =
John M 2014 6.5 1.5 23 8.4 2.6 25 153%  -1.90[-3.09,-0.71] - =
Mohit B 2017 52 1.3 30 8.1 0.9 30 29.7%  -2.90[-3.47,-2.33] —
Wenhuan F 2018 52 1.5 40 8.3 3 36 17.1%  -3.10[-4.18,-2.02] -
Total (95% CI) 161 359 100.0%  -2.61[-3.20, -2.02] >

Heterogeneity: Tau? = 0.22; Chi? = 8.53, df = 4 (P = 0.07); I? = 53% iy

-0.2 4 2 0 2 4
Test for overall effect: Z = 8.69 (P < 0.00001) Bariatric surgery Nonsurgical treatment

Fig. 4 Forest plot of FPG level after bariatric surgery compared to non-surgical treatment
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Fig. 5 Risk of bias graph of the authors' judgment of each bias risk item included in the study

Blinding of outcome assessment (detection bias)

N)
. . . . . . . Incomplete outcome data (attrition bias)

Random sequence generation (selection bias)

- | Allocation concealment (selection bias)

-~

Bruno G 2012

-~

Chih-Cheng H 2015

Daniel H 2020 | (?

John M 2014 | ' ?

Keong C 2017 | ' ?

Mohit B 2017 | 2 &

?

. . . . . . . Selective reporting (reporting bias)

. . . . . . . Blinding of participants and personnel (performance bias)
)
. . . . . ’ . Other bias

Wenhuan F 2018 | (2

Fig. 6 Risk of bias summary of the authors'judgment of each bias risk
item included in the study

difference can be explained by low BMI in our patients.
For weight loss is central to improving high blood glucose
and magnitude of weight improvement was the point of
remission in T2DM. Moreover, although the BMI of most
patients can be reduced after the completion of bariatric

surgery, some patients still have not achieved diabetes
remission. This may be related to the basic situation of
the patient. The younger the age, the larger the baseline
BM]I, the higher C-peptide, and the shorter the duration
of diabetes, the more likely to achieve diabetes remis-
sion [20]. Under the control of these basic situation, the
effect of bariatric surgery is still better than nonsurgical
treatment. As a consequence, bariatric surgery could be
regarded as an effective treatment option for patients
with BMI < 35 kg/m?.

However we needs to continuously monitor the com-
plications of surgery and blood glucose for a long time,
for some patients may relapse hyperglycemia and their
baseline BMI is not very high [21]. Overweight or obese
patients with T2DM are often accompanied by fatty
liver disease. Fatty liver disease causes lipid spillage
enter the pancreas from the liver, leading to pancreatic
lipid deposition (lipopancreas), thus affecting the B-cell
functio. Reducing lipid deposition in liver, skeletal mus-
cle, pancreas and other important organs is important
for T2DM remission. Bariatric surgery achieves hypo-
glycemic effects mainly through weight loss, and is also
associated with post-metabolic surgery metabolism and
absorption, changes in hunger and satiety, food prefer-
ences, and possible energy expenditure [22, 23]. It is
known that regardless of treatment, there is a strong cor-
relation between the amount of weight loss and the like-
lihood of remission of diabetes. Although the patients
with BMI<35 kg/m* who suffer bariatric surgery have
limited weight loss, and even fewer in patients with
BMI<30 kg/ m?, the positive effect on diabetes remission
after the bariatric surgery is predictable [24, 25]. There-
fore, for patients who BMI <35 kg/m? or hope to reduce
the drug burden, it is feasible to treat with bariatric sur-
gery to lose weight to achieve diabetes remission [26].
However, in studies of patients with BMI<35 kg/m2, the
comparison between bariatric surgery and nonsurgical
treatment is lacking. The lack of evidence leads to the
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delay of bariatric surgery for patients with BMI<35 kg/
m?. Among the current interventions not strictly limited
for BMI, the DiRECT intervention (weight management
based on primary care) in diabetes remission is signifi-
cant [2], and SIIT (short-term intensive insulin therapy)
also be recommended to be used in diabetes remission.
These two interventions are long-term, strict and stand-
ardized, and even need lifelong management. And they
have far fewer complications than bariatric surgery. On
the contrary, the advantage of bariatric surgery is that it
takes effect quickly and does not need long-term strict
compliance. These interventions all play a significant role
in diabetes remission and each one has its advantage, but
it still unknown which one works better in patients with
BMI <35 kg/m>

In the analysis of BMI, there was heterogeneity in the
results. We tried to use the method of subgroup analysis
to determine which factors are significant sources of het-
erogeneity. We set up different subgroups including dif-
ferent baseline, diabetes duration and race for subgroup
analysis, but the source of heterogeneity still could not be
found. And we used the method of trim-and-fill, finding
out the source of heterogeneity. When we removed the
Wenhuan F’s study, heterogeneity I* is 41%. We compared
all the study that we included, finding the decrease of
BMI in bariatric group in this study was lower than other
studies. It may due to the higher baseline mean BMI or
shorter follow up month, which leads to lower decrease
of BMI. That may be the reason for the heterogeneity
of BMI [14]. Bruno G’s study also the source of hetero-
geneity in outcome of BMI. It can be explained that the
baseline BMI is far lower in this study, and his baseline
BMI is 26.3 kg/m? (control group) and 26.1 kg/m? (surgi-
cal group). Therefore, the weight loss effect is not obvi-
ous in both control group and surgical group, resulting
in the heterogeneity. Bruno G’s study supposed that the
effect of glucose metabolism is a direct consequence of
metabolism rather than a secondary effect of weight loss.
However, more possibilities need to be supported by
more research [18].

In the analysis of HbAlc and FPG heterogeneity also
exists in the results and heterogeneity comes from Bruno
G’s study. when Bruno’s study is removed, heterogeneity
12 is 34% (outcome of HbA1c) and 0% (outcome of FPG).
Both HbA1c and FPG reflect blood glucose control, indi-
cating that compared with other studies, the blood glu-
cose control in this study was slightly poor. However,
after 12 months of follow-up, patients still had signifi-
cantly decrease of blood glucose and HbA1c than before,
and after the surgery glucose homeostasis was improved
and diabetes resistance was reduced.

Although bariatric surgery has excellent effects on
weight loss and blood glucose relief, the complications of
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bariatric surgery could not be ignored. Existing studies
have shown that the incidence of postoperative complica-
tions in patients with BMI <35 kg/m? is 6-20% [27], and
in patients with BMI>35 kg/m? the incidence of major
complications is 2—6%, and minor complications is up to
15%. This suggests that the incidence of complications is
similar, and the following complications may occur after
surgery. The incidence of gastroesophageal reflux after
Roux-en-Y gastric bypass is higher than that of other
types of surgery [28, 29]. Anemia caused by postoperative
malnutrition and trace element malabsorption may also
occur after treatment of bariatric surgery [30, 31]. Post-
prandial hypoglycemia can also occur, especially in Roux-
en-Y gastric bypass surgery [32].

We must consider some limitations. First, because the
research is published in different years, different stud-
ies may have difference criteria in T2DM remission
and the follow-up time of each study is also inconsist-
ent. Secondly, so far, bariatric surgery for patients with
BMI <35 kg/m? is still relatively rare, only a small num-
ber of clinical trials included in our study. In addition,
because the clinical trials we included has incomplete
outcome events, our results may be affected by reported
bias.

Our finding has revealed that in type 2 diabetes patients
with BMI < 35 kg/m?, bariatric surgery can achieve better
diabetes remission and blood glucose control than non-
surgical treatment. For those baseline BMI>30 kg/m?
the effect of weight loss after bariatric surgery is obvi-
ous, but for those BMI<30 kg/m? the effect of weight
loss is not obvious, but good glycemic control can still
be achieved. It may relevant to bariatric surgery directly
affects glucose metabolism, but the specific mechanism
still needs to be explored.

Acknowledgements
The deepest gratitude goes to professor Zeng, who have instructed and
helped me a lot.

Statement

The data used in the study is publicly available and allows unlimited reuse
through an open license. And no ethical approval nor informed consent was
required in this study.

Disclosure summary
The authors have nothing to disclose.

Authors’ contributions

Chunping Zeng is responsible for the general development and design of the
study and contributed to critical revisions. Xiaoying Zhou is the first author
who performed data analysis and drafted the manuscript. All authors agree
to be accountable for the work and ensure that any questions relating to the
accuracy and integrity of the paper are investigated and properly resolved.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.



Zhou and Zeng BMC Endocrine Disorders (2023) 23:46

Availability of data and materials
The datasets analysed during the current study are available. Please contact
Dr. Zeng and email is zcp193@163com if the data needed from this study.

Declarations

Ethics approval and consent to participate

We obtained the studies'results published online. The relevant institutional
review boards or ethics committees approved the research protocol of the
individual clinical trail used in the current analysis, and all human participants
gave written informed consent, which was demonstrated in the respective
original papers.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 24 September 2022 Accepted: 27 January 2023
Published online: 22 February 2023

References

1. SunH, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et al.
IDF diabetes atlas: global, regional and country-level diabetes prevalence
estimates for 2021 and projections for 2045. Diabetes Res Clin Pract.
2022;183:109119.

2. Lean ME, Leslie WS, Barnes AC, Brosnahan N, Thom G, McCombie L,
et al. Primary care-led weight management for remission of type 2
diabetes (DIRECT): an open-label, cluster-randomised trial. Lancet.
2018;391(10120):541-51.

3. Riddle MC, Cefalu WT, Evans PH, Gerstein HC, Nauck MA, Oh WK, et al.
Consensus report: definition and interpretation of remission in type 2
diabetes. J Clin Endocrinol Metab. 2022;107(1):1-9.

4. American Diabetes A. Introduction: standards of medical care in diabe-
tes-2022. Diabetes Care. 2022;45(Supplement_1):S1-2.

5. Look ARG, Wing RR, Bolin P, Brancati FL, Bray GA, Clark JM, et al. Cardiovas-
cular effects of intensive lifestyle intervention in type 2 diabetes. N Engl J
Med. 2013;369(2):145-54.

6. Mingrone G, Panunzi S, De Gaetano A, Guidone C, laconelli A, Leccesi
L, et al. Bariatric surgery versus conventional medical therapy for type 2
diabetes. N Engl J Med. 2012;366(17):1577-85.

7. Schauer PR, Bhatt DL, Kashyap SR. Bariatric surgery versus intensive medi-
cal therapy for diabetes. N Engl J Med. 2014;371(7):682.

8. Kramer CK, Zinman B, Choi H, Retnakaran R. Predictors of sustained drug-
free diabetes remission over 48 weeks following short-term intensive
insulin therapy in early type 2 diabetes. BMJ Open Diabetes Res Care.
2016;4(1): €000270.

9. XuW, LiYB, Deng WP, Hao YT, Weng JP. Remission of hyperglyce-
mia following intensive insulin therapy in newly diagnosed type 2
diabetic patients: a long-term follow-up study. Chin Med J (Engl).
2009;122(21):2554-9.

10. 2004 ASBS Consensus Conference on Surgery for Severe Obesity. Surg
Obes Relat Dis. 2005;1(3):297-381. https://doi.org/10.1016/j.s0ard.2005.
03.003.

11. Gastrointestinal surgery for severe obesity. National institutes of health
consensus development conference statement. Am J Clin Nutr. 1992;55(2
Suppl):6155-S619.

12. Horwitz D, Padron C, Kelly T, Saunders JK, Ude-Welcome A, Schmidt AM,
et al. Long-term outcomes comparing metabolic surgery to no surgery
in patients with type 2 diabetes and body mass index 30-35. Surg Obes
Relat Dis. 2020;16(4):503-8.

13. Bhandari M, Mathur W, Kumar R, Mishra A, Bhandari M. Surgical and
advanced medical therapy for the treatment of type 2 diabetes in class |
obese patients: a short-term outcome. Obes Surg. 2017,27(12):3267-72.

14. FengW,YinT, Chu X, Shan X, Jiang C, Wang Y, et al. Metabolic effects and
safety of Roux-en-Y gastric bypass surgery vs. conventional medication

Page 8 of 8

in obese Chinese patients with type 2 diabetes. Diabetes Metab Res Rev.
2019;35(5):e3138.

15. Chong K, lkramuddin S, Lee WJ, Billington CJ, Bantle JP, Wang Q, et al.
National differences in remission of type 2 diabetes mellitus after Roux-
en-Y gastric bypass surgery-subgroup analysis of 2-year results of the
diabetes surgery study comparing Taiwanese with Americans with mild
obesity (BMI 30-35 kg/m(2)). Obes Surg. 2017,27(5):1189-95.

16. Hsu CC, Almulaifi A, Chen JC, Ser KH, Chen SC, Hsu KC, et al. Effect of
bariatric surgery vs medical treatment on type 2 diabetes in patients
with body mass index lower than 35: five-year outcomes. JAMA Surg.
2015;150(12):1117-24.

17. Wentworth JM, Playfair J, Laurie C, Ritchie ME, Brown WA, Burton P, et al.
Multidisciplinary diabetes care with and without bariatric surgery in over-
weight people: a randomised controlled trial. Lancet Diabetes Endocrinol.
2014;2(7):545-52.

18. Geloneze B, Geloneze SR, Chaim E, Hirsch FF, Felici AC, Lambert G, et al.
Metabolic surgery for non-obese type 2 diabetes: incretins, adipocy-
tokines, and insulin secretion/resistance changes in a 1-year interven-
tional clinical controlled study. Ann Surg. 2012;256(1):72-8.

19. Ribaric G, Buchwald JN, McGlennon TW. Diabetes and weight in com-
parative studies of bariatric surgery vs conventional medical therapy: a
systematic review and meta-analysis. Obes Surg. 2014;24(3):437-55.

20. SekiY, Kasama K, Yasuda K, Yokoyama R, Porciuncula JP, Kurokawa Y.

The effects of laparoscopic sleeve gastrectomy with Duodenojejunal
bypass on Japanese patients with BMI < 35 kg/m(2) on type 2 diabetes
mellitus and the prediction of successful glycemic control. Obes Surg.
2018;28(8):2429-38.

21. Rubino F, Nathan DM, Eckel RH, Schauer PR, Alberti KG, Zimmet PZ,
et al. Metabolic surgery in the treatment algorithm for type 2 diabetes:
ajoint statement by international diabetes organizations. Obes Surg.
2017;27(1):2-21.

22. Tsai AG, Bessesen DH. Obesity. Ann Intern Med. 2019;170(5):TC33-48.

23. Panteliou E, Miras AD. What is the role of bariatric surgery in the manage-
ment of obesity? Climacteric. 2017,20(2):97-102.

24. LiY,GuY,JinY, Mao Z. s bariatric surgery effective for Chinese patients
with type 2 diabetes mellitus and body mass index < 35 kg/m(2)? a
systematic review and meta-analysis. Obes Surg. 2021;31(9):4083-92.

25. Rubio-Almanza M, Hervas-Marin D, Camara-Gomez R, Caudet-Esteban
J, Merino-Torres JF. Does metabolic surgery lead to diabetes remis-
sion in patients with BMI < 30 kg/m(2)?: a meta-analysis. Obes Surg.
2019;29(4):1105-16.

26. Jurowich C, Thalheimer A, Hartmann D, Bender G, Seyfried F, Germer CT,
et al. Improvement of type 2 diabetes mellitus (T2DM) after bariat-
ric surgery-who fails in the early postoperative course? Obes Surg.
2012;22(10):1521-6.

27. Rao WS, Shan CX, Zhang W, Jiang DZ, Qiu M. A meta-analysis of short-
term outcomes of patients with type 2 diabetes mellitus and BMI
</= 35 kg/m2 undergoing Roux-en-Y gastric bypass. World J Surg.
2015;39(1):223-30.

28. Roth AE, Thornley CJ, Blackstone RP. Outcomes in bariatric and metabolic
surgery: an updated 5-year review. Curr Obes Rep. 2020;9(3):380-9.

29. HanY, JiaY,Wang H, Cao L, Zhao Y. Comparative analysis of weight loss
and resolution of comorbidities between laparoscopic sleeve gastrec-
tomy and Roux-en-Y gastric bypass: A systematic review and meta-analy-
sis based on 18 studies. Int J Surg. 2020;76:101-10.

30. Kotkiewicz A, Donaldson K, Dye C, Rogers AM, Mauger D, Kong L, et al.
Anemia and the need for intravenous iron infusion after Roux-en-Y
gastric bypass. Clin Med Insights Blood Disord. 2015;8:9-17.

31. Verger EO, Aron-Wisnewsky J, Dao MC, Kayser BD, Oppert JM, Bouillot
JL, et al. Micronutrient and protein deficiencies after gastric bypass and
sleeve gastrectomy: a 1-year follow-up. Obes Surg. 2016;26(4):785-96.

32. Lee CJ, Clark JM, Schweitzer M, Magnuson T, Steele K, Koerner O,
et al. Prevalence of and risk factors for hypoglycemic symptoms
after gastric bypass and sleeve gastrectomy. Obesity (Silver Spring).
2015;23(5):1079-84.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/j.soard.2005.03.003
https://doi.org/10.1016/j.soard.2005.03.003

	Diabetes remission of bariatric surgery and nonsurgical treatments in type 2 diabetes patients who failure to meet the criteria for surgery: a systematic review and meta-analysis
	Abstract 
	Background 
	Method 
	Results 
	Conclusion 

	Introduction
	Methods
	Search strategy and selection criteria
	Statistical analysis

	Results
	Study characteristics
	Meta-analysis results
	Diabetes remission
	BMI
	HbA1c
	FPG

	Risk of bias in the included study
	Sensitivity analysis and publication bias

	Discussion
	Acknowledgements
	References


