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Abstract
Background Bariatric surgery has demonstrated to be effective in remission of type 2 diabetes in obese patients, but it is unclear
in non-obese patients. The aim of this study is to investigate if metabolic surgery is effective in diabetes resolution in patients with
BMI < 30 kg/m2.
Materials and Methods A systematic review was performed and the content of the PubMed, Ovid, and the Cochrane Library
databases covering the period January 2008 to April 2018 was searched. Studies with metabolic surgery performed in patients
with type 2 diabetes, BMI < 30 kg/m2 and a follow-up ≥ 6 months were included. Type 2 diabetes remission rate and metabolic
parameters changes were measured. A meta-analysis was conducted with the selected studies.
Results Twenty-six studies were included in the meta-analysis (1105 patients). Themixed-effects meta-analysis model for overall
diabetes remission rate produced an estimate of 43% (95% IC 34–53%, p < 0.001). Moderator effects of the variables race,
preoperative HbA1c, BMI, months of follow-up, duration of diabetes, and age on diabetes remission were also assessed, with no
significant effects being found in any of them. A reduction in BMI (− 3.57 kg/m2), fasting blood glucose (− 55.93 mg/dL) and
HbA1c (− 2.08%) was observed after surgery.
Conclusions Metabolic surgery could be effective in remission of type 2 diabetes in BMI < 30 kg/m2 patients but randomized and
long-term studies are necessary. The scientific community should agree in a single definition of type 2 diabetes remission, in
order to know the real effect of metabolic surgery in this group of patients.
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Introduction

The World Health Organization (WHO) reported a global
diabetes prevalence of 8.5% in 2014 [1]. The increasing
number of individuals with type 2 diabetes mellitus
(T2DM) among children and young adults has become a
serious health problem that requires urgent treatment [2].
Bariatric surgery has demonstrated to be effective in
weight loss and the resolution of obesity comorbidities in
individuals with a BMI > 35 kg/m2, and several studies
with subjects with BMI > 30 kg/m2 have been carried out
in the last few years [3, 4]. A type 2 diabetes remission rate
between 30 and 63% has been reported in clinical trials.
Different metabolic and hormonal weight-independent
mechanisms could be involved in diabetes resolution, sug-
gesting that BMI at baseline does not predict surgical ben-
efits on glycemic outcomes [5]. However, it remains un-
clear whether bariatric surgery benefits T2DM patients
with a BMI of < 30 kg/m2 due to the small sample size of
studies, most of them being non-randomized studies and
using different types of surgeries.

The aim of this systematic review and meta-analysis is to
investigate if different bariatric procedures are effective in
type 2 diabetes resolution in subjects with BMI < 30 kg/m2.

Materials and Methods

Search Strategy

This meta-analysis was conducted in accordance with the
methodology of the PRISMA Statement Guidelines
(Preferred Reported Items for Systematic Reviews and
Meta-analysis) [6]. The content of the PubMed, Ovid, and
the Cochrane Library databases covering the period January
2008 to April 2018 was searched. Keywords used in elec-
tronic searches included B(bariatric surgery OR metabolic
surgery OR Roux-en-Y OR gastric band OR anastomosis
OR sleeve gastrectomy OR biliopancreatic diversion OR du-
odenal jejunal bypass OR duodenal jejunal exclusion OR
ileal transposition) AND (diabetes OR type 2 diabetes)
AND (body mass index < 30 OR overweight OR normal
weight OR non-obese)^.

The reviewwas carried out as follows: first, we checked the
title and abstract of the studies in order to exclude inappropri-
ate studies. Second, we reviewed the full text of the remaining
studies to identify whether they met inclusion criteria. Articles
that only showed the abstract were included if sufficient data
were reported. Communications at congresses were excluded.
Reviews were checked to find potential eligible studies. Only
papers written in English, Spanish, and French were retrieved.
We checked the studies for duplicate publications.

Inclusion Criteria

Inclusion criteria chosen for the analysis:

1) T2DM patients with BMI < 30 kg/m2 before surgery.
2) Clinical trial or observational studies.
3) Studies with any kind of bariatric surgery technique.
4) Follow-up ≥ 6 months.
5) Metabolic outcomes were reported (at least two out-

comes, one of them must be diabetes remission).

When results from all patients in a study were reported
more than once, data were extracted from the highest quality
study.

Exclusion Criteria

Exclusion criteria were as follows:

1) Studies involving patients with type 1 diabetes, gestation-
al diabetes, children, or teenagers.

2) Gastrointestinal pathology at baseline before surgery.
3) Studies with a follow-up less than 6 months.
4) Unpublished reports.
5) Patients who underwent a second bariatric surgery.
6) Animal or in vitro studies.

Data Collection and Quality Assessment

Data were extracted independently by two authors (MR and
JC) from all included studies using a standardized electronic
form. Any disagreement between reviewers was solved by a
third author (RC).

The following data were extracted from the included articles:
first author, year of publication, study design, type of surgery,
patient characteristics (age, sex, duration of diabetes), number
of subjects, time of follow-up, complications, and adverse
events of surgery and outcomes. The following variables were
analyzed to assess glycemic control before and after surgery:
BMI, fasting blood glucose, glycated hemoglobin (HbA1c), c-
peptide, insulin, Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR), and diabetes remission.

The Newcastle-Ottawa Scale was used to assess the risk of
bias of the studies. Using this tool each study was judged
according to three items: the selection of the study groups;
the comparability of the groups; and the ascertainment of ei-
ther the exposure or the outcome of interest [7].

Objectives

Our main objective was to perform a meta-analysis of T2DM
remission (number of subjects who achieved a target of
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glycemic control, defined by each study) in patients with BMI
< 30 kg/m2 who had undergone bariatric surgery. Secondary
end points were to conduct a meta-analysis of BMI, FBG, and
HbA1c prior to and after surgery. Other glycemic parameters
such as c-peptide, insulin, and HOMA-IR were described if
they were reported in studies.

Statistical Analysis

An estimation was performed for each studied parameter
adjusting meta-analytic mixed-effects models with R package
metafor (version 2.0-0) using the restricted maximum-
likelihood (REML) estimator method. In the case of differ-
ences in parameter values between pre- and post-intervention,
a different estimate was performed for pre- and post-interven-
tion, since the data included in the studies did not allow for
estimates of pre-post variability (necessary for paired-data me-
ta-analyses). All estimates included a 95% confidence inter-
val. p values < 0.05 were considered statistically significant.

Results

Literature Search

The literature search identified 5983 potentially relevant arti-
cles in the initial electronic search (3588 in PubMed, 1773 in
Ovid and 622 in the Cochrane library) (Fig. 1), of which 708
were excluded for duplication. Five thousand one hundred

eight articles were excluded on the basis of the title and the
abstract, leaving 167 articles for the full-publication review.
One hundred thirty-five articles were excluded for the follow-
ing reasons: 114 articles with BMI > 30 kg/m2, 2 articles were
meta-analyses, 13 articles were reviews, one article was a case
report, 2 papers included patients with cancer, and 3 articles
only showed the abstract but without sufficient information.
Thirty-two articles were retrieved as potential studies to be
included and 6 of them were withdrawn (4 had inadequate
information and 2 were overlapped studies). Finally, 26 stud-
ies were determined to be appropriate for inclusion in this
meta-analysis.

The quality assessment of the included studies is shown
in the supplementary table. Quality assessment showed
that only 4 of 26 studies had a non-exposed cohort and
were adequately controlled for confounders. A follow-up
rate < 100% was observed in 5 studies, and it is remarkable
that the follow-up rate was < 50% in 2 studies. These as-
pects can lead to the risk of bias.

Systematic Review and Quality Assessment

Baseline characteristics of studies included in the meta-
analysis are shown in Table 1. Seventeen studies were pro-
spective, 8 retrospective, and 1 a cross-sectional study.
Different types of surgical procedures were performed:
Roux-en-Y gastric bypass (RYGB) in 13 studies, duodenal-
jejunal bypass surgery (DJB) in three, laparoscopic sleeve
gastrectomy with duodenal-jejunal bypass (LSG + DJB) in

Fig. 1 Flow diagram showing the
electronic search strategy for all
included databases
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one study, diverted sleeve gastrectomy with ileal transposition
(DSIT) in two, one anastomosis gastric bypass (OAGB) in
four, laparoscopic ileal interposition with sleeve gastrectomy
(LII + SG) in three, laparoscopic adjustable gastric band
(LAGB) in one, and only sleeve gastrectomy (SG) in one
study. One thousand one hundred five patients with type 2
diabetes were assessed preoperatively. The mean age of the
subjects ranged from 45 to 63.84 years and the mean duration
of diabetes from 2.2 to 16.9 years. The mean follow-up was
from 6 to 42.1 months (13 studies had a follow-up of
12 months). Three of 26 papers did not report complications
and adverse events. There was no mortality in any of the
studies. Two studies reported no major complications oc-
curred. The most frequent complications described were gas-
trointestinal bleeding (7 studies), marginal ulcer (5 studies),
nausea (4 studies), cholecystectomy (4 studies), persistent di-
arrhea, anastomotic leakage, anastomotic stenosis, and adhe-
sions (3 studies). Nutritional deficiencies (vitamin B1, B12,
and iron) were described in 3 studies.

The studies were developed with subjects from South
Korea (3), China (12), Brazil (2), Venezuela (1), Italy (1),
Spain (1), India (2), Turkey (1), and Australia (1). One study
did not specify which region their subjects came from (sub-
jects were Caucasian).

Diabetes Remission

All studies reported the T2DM remission rate. This rate
was defined differently in each study (Table 2). HbA1c
alone or combined with other parameters was included in
the definition of diabetes remission in 23 studies. The
study carried out by García-Caballero [12] defined diabe-
tes resolution as not taking any glucose-lowering

medication, and the study by Cui et al. [22] and
Wentworth et al. [20], as the combination of fasting blood
glucose (FBG) and postprandial glucose. The most com-
mon definition was HbA1c < 6% without any glucose-
lowering medications. The remission rate ranged from 0
to 90.2% for all types of surgery. The highest remission
rate was observed in patients who had undergone
LOAGB, and the lowest was observed in patients who
had undergone DJB.

Our mixed-effects meta-analysis model for overall diabetes
remission rate produced an estimate of 43% (95% IC 34–53%;
p < 0.001) (Fig. 2).

Additionally, moderator effects of the variables race (Asian
vs. non-Asian), preoperative HbA1c, BMI, months of follow-
up, duration of diabetes, and age on diabetes remission were
also assessed, with no significant effects being found in any of
them (race: estimate = − 0.005, 95% CI (− 0.88, 0.89),
HbA1c: estimate = − 0.17, 95% CI (− 0.79, 0.45); BMI: esti-
mate = 0.086, 95% CI (− 0.17, 0.34); months follow-up: esti-
mate = 0.01, 95% CI (− 0.03, 0.05); years with diabetes: esti-
mate = 0.12, 95% CI (− 0.01, 0.26), age: estimate = 0.04, 95%
CI (− 0.08, 0.15).

Change in BMI

Twenty-five studies of the meta-analysis included BMI prior
to surgery. Mean BMI ranged from 23.1 to 29 kg/m2 at base-
line and ranged from 20.6 to 26.4 at follow-up.

The meta-analysis estimate of BMI before surgery was
26.05 (95% IC 25.24, 26.86; p < 0.001). The meta-analysis
estimate of the 21 studies that included BMI after surgery
was 22.48 (IC 95% 21.74, 23.22; p < 0.001) (Fig. 3). The
change of BMI was − 3.57 kg/m2. It was not possible to

Fig. 2 Effect of metabolic surgery for T2DM patients with BMI < 30 kg/m2: diabetes remission. CI confidence interval
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produce an estimate of variability for this parameter with the
data provided in the included studies; thus, only the point
estimate is given, along with the estimates and their corre-
sponding 95% confidence intervals for the pre- and post-
surgery time points.

Change in FBG and HbA1C

Twenty studies included in the meta-analysis reported changes
in FBG. FBG prior to the intervention was 179.12 (IC 95%
167.26, 190.98; p < 0.001). The meta-analysis of FBG after
intervention was 123.19 (117.30, 129.08; p < 0.001) (Fig. 4).
The reduction in FBG was − 55.93 mg/dL. As in the case of
BMI, no estimate of variability was available for FBG
reduction.

Twenty-five studies reported HbA1c prior to surgery and
24 after surgery. HbA1c ranged from 6.9 to 10 at baseline and
ranged from 4.5 to 8 at follow-up. The study by Cui et al. [22]
showed the greatest change in HbA1c from 9% prior to the

intervention, to 4.5% after surgery. The result estimate of our
meta-analysis for HbA1c before surgery was 8.69 (8.37, 9.01;
p < 0.001) and after surgery it was 6.61 (IC 95% 6.27, 6.96;
p < 0.001) (Fig. 5). The overall reduction in HbA1c was −
2.08%.

Insulin Profile

C-peptide, insulin, and HOMA-IR levels ranged from 1.3 to
5.08 ng/mL, from 4.9 to 40.3 μU/mL, and from 2 to 12.9,
respectively, before surgery, and ranged from 0.97 to 2.3 ng/
mL, from 2.9 to 12.97 μU/mL, and from 1.1 to 3.4, respec-
tively, after intervention.

Nine studies reported a reduction in c-peptide and one
study reported a slight increase after surgery. As well as that,
insulin levels decreased in nine studies and increased in one
study. HOMA-IR levels suffered a decrease in nine studies
after intervention.

Fig. 3 a Meta-analysis of BMI
before metabolic surgery in
T2DM patients. b Meta-analysis
of BMI after metabolic surgery in
T2DM patients. CI confidence
interval, BMI body mass index
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Publication Bias

We assessed the possibility of publication bias using a fun-
nel plot representing the results of all the included studies
for diabetes remission. As seen in Fig. 6, the funnel plot is
fairly symmetrical, with no obvious bias neither for nega-
tive nor for positive results. Thus, no evidence for publi-
cation bias was found in the papers included in the meta-
analysis.

Consistency I2

Consistency was measured by estimating the degree of incon-
sistency in the results of the studies [34]. Inconsistency was
high in all performed meta-analyses, ranging from 86.53 to
97.97%, with the exception of FGB prior to surgery which
was 0.17%.

Discussion

This systematic review and meta-analysis focuses on the ef-
fects on glycemic control of ≥ 6 months of several procedures
of metabolic surgery on patients with T2DM and BMI <
30 kg/m2.

T2DM is often not adequately controlled despite lifestyle
changes and optimal medical therapy. Bariatric surgery has
shown to be effective in the resolution of obesity comorbidi-
ties. The American Diabetes Association (ADA) [35] and oth-
er international diabetes organizations proposed a BMI thresh-
old of 30 kg/m2 (27.5 in Asian patients) for considering met-
abolic surgery in patients with T2DM with uncontrolled hy-
perglycemia. However, several weight loss-independent
mechanisms are involved in glycemic improvement such as
changes in gut hormones (GLP-1 and ghrelin), bile acid sig-
naling, intestinal nutrient sensing, and alterations in the gut
microbiota. These changes lead to increased tissue glucose

Fig. 4 a Meta-analysis of FBG
before metabolic surgery in
T2DM patients. b Meta-analysis
of FBG after metabolic surgery in
T2DM patients. CI confidence
interval, FBG fasting blood
glucose
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uptake, reduced hepatic glucose production, improved insulin
sensitivity andβ-cell function [36, 37], suggesting that BMI at
baseline does not predict the glycemic effects after surgery.

A meta-analysis of the 11 published randomized clinical
trials directly comparing bariatric/metabolic surgery vs.
medical/lifestyle interventions for T2DM provides evidence

Fig. 5 aMeta-analysis of HbA1c
before metabolic surgery in
T2DM patients. b Meta-analysis
of HbA1c after metabolic surgery
in T2DM patients. CI confidence
interval

Fig. 6 Funnel plot representing
the results of all the included
studies for diabetes remission
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that surgery is superior for T2DM remission, glycemic con-
trol, and HbA1c lowering, equally true for patients whose
baseline BMI is below or above 35 kg/m2. Moreover,
T2DM remission rates following bariatric/metabolic surgery
are comparable above and below the 35 kg/m2 BMI threshold
[5]. Another meta-analysis performed by Rao et al. [38] pub-
lished a diabetes remission rate (BMI < 35) ranging from 65 to
93% and the systematic review by Panuzi et al. [39] reported a
rate of 72%. Diabetes remission was achieved in 58–64% of
patients in some studies performed in Asian subjects [40, 41].
A diabetes remission rate between 13.3 and 90.2%was report-
ed in a recent systematic review with diabetic patients with
BMI < 30 kg/m2 [42], which is similar to our findings (be-
tween 0 and 90.2%). The best diabetes remission rate was
reported by Kim et al. 2014 [17]. The loss of follow-up in this
study is remarkable (> 50% at the end of the study), so that it
could influence the result of its diabetes remission rate. The
diabetes remission rate reported by Wenthworth et al. [20]
could be affected by HbA1c at baseline. The patients
underwent AGB and they had a reduction of BMI similar to
the rest of studies, nevertheless, the HbA1c at baseline was
lower. Mean HbA1c was 6.9% before intervention and 6.3%
at the end of the study. This fact might contribute patients
reached more easily the diabetes remission. The diversity in
the definition of diabetes remission could also explain the
heterogeneity in rates of different publications. A diabetes
remission rate of 42.4% (defined as the achievement of
HbA1c < 6%) was published in a meta-analysis conducted
by Baskota et al. [43]. Our results are similar to data published
previously (rate estimate of 43% (95% IC 34–53%,
p < 0.001)) but our meta-analysis was conducted using the
definition of diabetes remission provided by each study.

Our systematic review found several studies in overweight
patients that suggested that surgery provided potential benefits in
treating T2DM (Gong et al. [32], García-Caballero et al. [12],
Cui et al. [22], Kim et al. 2014 [17]), whereas others reported
low remissions (Geloneze et al. [11], Heo et al. [13], Chen et al.
[16], Kim et al. 2017 [31]). Kim et al. 2017 [31] reported a
diabetes remission of 0%, which can be explained by either the
small sample included in the study (eight patients) or, as the
authors mentioned, LDJB not being an effective procedure for
controlling T2DM. It was observed that DJB was also the pro-
cedure used in studies with low diabetes remission rates [11, 13].

Our results also suggested an improvement in glycemic pa-
rameters (HbA1c, c-peptide, insulin, HOMA-IR) and BMI after
surgery. A reduction of − 2.08% of HbA1c was observed after
surgery. This finding is similar to data reported in randomized
clinical trials with patients with diabetes and BMI < or > 35 kg/
m2 (a median HbA1c reduction of − 2%) [3], and the HbA1c
reduction of − 1.88% reported in the meta-analysis of Baskota
et al. [43] (BMI < 30 kg/m2). As well as that, a similar BMI
reduction was observed in our study (− 3.57 kg/m2) and the
study of Baskota et al. [43] (− 2.79 kg/m2). However, BMI

reduction was higher in the meta-analysis preformed with pa-
tients with higher BMI (− 7.42 to − 13.5 kg/m2) [4, 44].

Moderator effects of the variables race (Asian vs. non-
Asian), preoperative HbA1c and BMI, months of follow-up
of the study, duration of diabetes, and age of patients on dia-
betes remission were also assessed, with no significant effects
being found. Nevertheless, a longer follow-up period and
shorter duration of diabetes were found to be two factors
benefiting more from bariatric surgery in the meta-analysis
by Baskota et al. [43].

This meta-analysis has some limitations:

1) Most studies included in the meta-analysis were not ran-
domized and not compared with a non-exposed cohort.

2) There are many different definitions of diabetes remis-
sion, according to the studies, as well as many different
bariatric procedures, thus providing a high inconsistency
in the meta-analysis.

3) Most studies included in the meta-analysis have a short
follow-up, and the long-term effect of surgery is un-
known. Some studies have a small sample size.

Conclusions

Based on the current meta-analysis, metabolic surgery could
be effective in the achievement of type 2 diabetes remission in
BMI < 30 kg/m2 patients, and improving glycemic parame-
ters. However, additional randomized studies, with a larger
sample size and long-term follow-up should be carried out.
To establish a single definition of diabetes, remission should
be a priority in order to appreciate the real effect of bariatric
surgery in T2DM.
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