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Abstract
Introduction: Laparoscopic sleeve gastrectomy (LSG) for 
morbidly obese patients often results in remission of type 2 
diabetes (T2DM), but diabetes relapses in some of those pa-
tients. The frequency of T2DM relapse in Asians and the fac-
tors involved have not been adequately investigated. Meth-

ods: The J-SMART study was conducted on 322 Japanese 
subjects with body mass index (BMI) ≥32 kg/m2 who under-
went LSG at 10 accredited centers in Japan between 2011 
and 2014. Of these, 82 T2DM subjects with diabetes in com-
plete or partial remission at 1 year after LSG and followed 
postoperatively for 5 years were included in the subgroup 
analysis and classified into two groups: diabetes remission-
maintained and diabetes relapse. Results: The mean age of 
all included subjects was 49.2 years, median BMI was 41.5 kg/
m2, and median HbA1c was 6.7%. Compared with the diabe-
tes remission-maintained group, the diabetes relapse group 
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at 5 years after LSG had significantly higher preoperative 
HbA1c, number of antidiabetic medications, and high-den-
sity lipoprotein cholesterol level; and lower BMI and homeo-
stasis model assessment-beta cell function (HOMA-β). As 
many as 83.0% of the subjects were able to achieve HbA1c 
<7% at 5 years after LSG, but 26.8% of the subjects had dia-
betes relapse. Preoperative HbA1c significantly contributed 
to diabetes relapse (odds ratio 1.54, p = 0.049). In addition, 
the diabetes relapse group tended to have lower percentage 
total weight loss (%TWL) at 1 year after LSG and higher per-
centage weight regain (%WR) from postoperative nadir 
weight, compared with the diabetes remission-maintained 
group. The hazard ratio for diabetes relapse was 3.14-fold 
higher in subjects with %TWL ≥20% and %WR ≥25%, and 
5.46-fold higher in those with %TWL <20% and %WR ≥25%, 
compared with %TWL ≥20% and %WR <25%. Conclusion: 
While LSG provides a high remission rate for T2DM, relapse 
is not uncommon. Preoperative HbA1c, poor weight loss, 
and excess weight regain after LSG contribute to diabetes 
relapse, suggesting the importance of treatment strategies 
focusing on these factors. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Bariatric surgery is becoming the most effective long-
term treatment for severe obesity. Among the various 
bariatric surgical techniques, laparoscopic sleeve gastrec-
tomy (LSG) is one of the most frequently performed pro-
cedures worldwide, due to the effective weight loss, sim-
ple procedure, and few complications [1]. The number of 
LSG is increasing rapidly not only in the USA but also in 
Japan [2, 3] – a total of 3,669 bariatric surgeries were per-
formed in Japan from 2000 to 2019, with LSG being the 
most common procedure (n = 2866, 78.1%). In 2019, bar-
iatric surgery was performed in 757 patients in Japan, 704 
(93.0%) of whom underwent LSG.

Although LSG has slightly lower efficacy in weight loss 
and remission of complications including diabetes com-
pared with Roux-en-Y gastric bypass (RYGB), the out-
comes are favorable [4, 5]. The American Society for Met-
abolic and Bariatric Surgery (ASMBS) also recommends 
LSG as the primary bariatric surgery or as the first part of 
a staged approach in high-risk patients [6]. However, re-
lapse of diabetes in some patients after bariatric surgeries 
including LSG has been reported in recent years [7, 8]. 
Furthermore, patients with inadequate initial weight loss 
or with late weight regain are found to be at higher risk of 
type 2 diabetes (T2DM) relapse [7, 9].

The Japanese Survey of Morbid and Treatment Resis-
tant Obesity (J-SMART) study of morbidly obese Japa-
nese patients reported a reliable remission rate of T2DM 
after LSG [10]. However, there are few reports on the re-
lapse of diabetes after LSG in Asians including Japanese, 
and the association with weight regain is not clear. In ad-
dition, given the racial difference in pathogenesis of dia-
betes [11], it is important to examine in detail the long-
term outcome of diabetes after LSG in Asians. The pur-
pose of this study was to investigate factors associated 
with relapse of T2DM after morbidly obese Japanese sub-
jects have undergone LSG, using the J-SMART database.

Methods

This study was a subgroup analysis of the J-SMART study [10], 
which retrospectively examined the effects of bariatric surgery on 
weight loss and remission of diabetes in representative centers per-
forming bariatric surgery in Japan. The study had a retrospective 
and observational design. The J-SMART study included 322 Japa-
nese subjects who underwent LSG at 10 bariatric surgery facilities 
accredited by the Japanese Society for the Treatment of Obesity 
(JSTO) between January 2011 and December 2014. The subjects 
were followed for 5 years after LSG. Body weight and body mass 
index (BMI) regained were measured, and percentage weight re-
gain (%WR) was assessed by evaluating the nadir weight after LSG 
and the weight until the last follow-up.

The JSTO guidelines adopted the indications for bariatric sur-
gery as follows: primary obesity between the ages of 18 and 65 
years, inadequate response to medical treatment, and one of the 
following conditions: (1) BMI of 35 kg/m2 or higher for the pur-
pose of weight loss (weight loss surgery), (2) BMI of 32 kg/m2 or 
higher for the purpose of treating comorbidities (including diabe-
tes, hypertension, dyslipidemia, liver dysfunction, and sleep apnea 
syndrome). In the present subgroup analysis, 210 subjects with 
T2DM who underwent LSG based on the above guidelines were 
selected from the J-SMART database. Of these subjects, those 
whose diabetes was in initial remission at 1 year after LSG and who 
completed follow-up without dropout until 5 years postoperative-
ly were assigned to the diabetes remission-maintained or relapse 
group, and factors associated with diabetes relapse were evaluated.

From the subjects’ records, the following data were extracted: 
sex; age; and physical and clinical parameters such as height, body 
weight, visceral fat area (VFA), subcutaneous fat area (SFA), blood 
pressure, glycated hemoglobin (HbA1c), fasting plasma glucose 
(FPG), fasting serum connecting peptide immunoreactivity (CPR) 
for calculating CPR index, and fasting immunoreactive insulin 
(IRI) for calculating homeostasis model assessment (HOMA)-be-
ta cell function (HOMA-β) and HOMA-insulin resistance 
(HOMA-IR). The CPR index was calculated by the following for-
mula: CPR index = 100 × fasting CPR (ng/mL)/FPG (mg/dL) [12, 
13]. HOMA-β was calculated by the following formula: HOMA-β 
= (fasting IRI [μIU/mL] × 360)/(FPG [mg/dL] − 63) [14, 15]. 
HOMA-IR was calculated as follows: HOMA-IR = (fasting IRI 
[μIU/mL] × FPG [mg/dL])/405 [14, 15]. Other data extracted were 
lipid level markers, serum creatinine, estimated glomerular filtra-
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tion rate calculated by the estimation formula for Japanese [16], 
urine albumin-to-creatinine ratio, history of insulin use, number 
of medications, and apnea-hypopnea index. Subjects with apnea-
hypopnea index ≥5 and sleep-related symptoms of obstructive 
sleep apnea syndrome (OSAS) were diagnosed as having OSAS. 
VFA and SFA were measured by computed tomography at the 
level of the umbilicus with the subject in supine position.

Mental disorders, mental retardation, developmental disor-
ders, and binge eating were diagnosed by skilled psychiatrists in 
doubtful cases, according to the criteria in Diagnostic and Statisti-
cal Manual of Mental Disorders 4th or 5th edition, or Internation-
al Statistical Classification of Diseases and Related Health Prob-
lems 10th Revision. The Wechsler Adult Intelligence Scale 3rd edi-
tion (WAIS-III) that assessed full intelligence quotient (IQ), verbal 
IQ, and performance IQ was administered by a trained psychiatrist 
or psychologist as an intelligence test to estimate the postoperative 
outcome. We previously reported that childhood onset obesity was 
associated with weight regain (WR) after LSG [17]. Based on that 
study, subjects were also asked whether they were diagnosed with 
obesity based on diagnostic criteria during annual school physical 
examinations in childhood [18, 19]. Those diagnosed with obesity 
up to the age of 13 years were classified as childhood onset obesity.

Diabetes was diagnosed according to the diagnostic criteria of 
the Japan Diabetes Society [20]; hypertension according to the Jap-
anese Society of Hypertension [21]; dyslipidemia according to the 
Japan Atherosclerosis Society [22]; and OSAS according to the Jap-
anese Respiratory Society [20]. The ABCD score has been reported 
as a score that predicts improvement in T2DM, and is appropriate 
for the Japanese population [21–23]. Complete remission (CR) 
and partial remission of T2DM after LSG were defined as HbA1c 
less than 6.0% and 6.5%, respectively, without using antidiabetic 
drugs, and improvement was defined as HbA1c less than 7.0% with 
or without medication [24, 25].

At 5 years after LSG, maintenance of diabetes remission or dia-
betes relapse was assessed. Subjects who achieved initial remission, 
i.e., HbA1c <6.5% without antidiabetic medication after 1 year of 
LSG, and maintained it until 5 years after LSG, were classified in the 
remission-maintained group. Subjects who achieved initial remis-
sion at 1 year of LSG and then relapsed up to 5 years postoperatively, 
i.e., HbA1c ≥6.5% or used antidiabetic drugs after initial remission, 
were classified in the relapse group. Weight regain after bariatric sur-
gery was evaluated using three major indices: (1) regaining more 
than 25% of lost weight from the nadir weight [26, 27], (2) regaining 
more than 10 kg from the nadir weight [28–30], and (3) regaining 
more than 5 BMI points from the BMI at nadir weight [26, 31].

Statistical Analysis
Results are expressed as mean ± standard deviation or median 

(interquartile range), or percentage. Normal distribution was test-
ed using the Shapiro-Wilk test. For comparisons between two 
groups, Student’s t test was used to analyze parametric data and 
Mann-Whitney U test for nonparametric data. Fisher’s exact test 
was used to detect significant differences between proportions and 
categorical variables. Cochran’s Q test was used to compare nomi-
nal measures for three or more groups. The changes in BMI, per-
centage total weight loss, and HbA1c over the 5-year period after 
LSG were analyzed by repeated measures ANOVA followed by 
Bonferroni multiple comparison test to evaluate the overall change 
(main effect p value) and differences between the diabetes remis-
sion-maintained and diabetes relapse groups (interaction effect p 

value). Logistic regression model and Cox proportional hazards re-
gression analysis were used to identify preoperative or postopera-
tive factors predicting diabetes relapse. Results were expressed as 
odds ratios and hazard ratios with 95% confidence interval. These 
analyses were performed using SPSS software version 26 (Armonk, 
NY: IBM Corp). A p value <0.05 was considered significant.

Results

Baseline Data of All Subjects and Comparison 
between Remission-Maintained and Relapse Groups 
at 5 Years Post-LSG
Baseline clinical data from 210 subjects included in the 

study showed that 159 (79.1%) had CR or partial remis-
sion of diabetes at 1 year after LSG; of the 159 subjects, 82 
who completed follow-up without dropout up to 5 years 
after LSG were eligible for analysis. Of these, 60 (73.2%) 
were assigned to the remission-maintained group and 22 
(26.8%) to the relapse group. Note that up to 5 years after 
LSG surgery, no subject in the remission-maintained 
group relapsed diabetes, and no subject in the relapse 
group had a remission after relapse.

Table 1 shows the baseline demographic and clinical 
data of all subjects included in the subgroup analysis, and 
comparison of the remission-maintained group and the 
relapse group at 5 years after LSG. The mean age of all 
included subjects was 49.2 ± 10.8 years; median BMI was 
41.5 (interquartile range 37.6–46.8) kg/m2; and median 
HbA1c was 6.7 (6.2–7.8)%. The median duration of dia-
betes was 5.0 (2.0–9.0) years, and 20.5% of subjects were 
on insulin. They also had hypertriglyceridemia and hy-
pertension, and approximately 70% of the subjects had 
OSAS. The mean VFA/SFA ratio was 0.53 ± 0.24, indicat-
ing visceral fat accumulation type obesity.

Compared with the remission-maintained group, the 
relapse group at 5 years after LSG had significantly high-
er HbA1c, FPG, number of antidiabetic drugs, and high-
density lipoprotein cholesterol (HDL-C); and lower BMI, 
frequency of BMI ≥35 kg/m2, and HOMA-β. Childhood 
onset obesity, mental disorders, mental retardation and 
developmental disorders, binge eating, full IQ, verbal IQ, 
and performance IQ did not differ between the remis-
sion-maintained and relapse groups.

Trend of Clinical Parameters from the First Visit to 5 
Years Post-LSG
Figure 1a–c shows the trend of BMI, %TWL, and 

HbA1c in all included subjects (n = 210) from the first 
visit to 5 years after LSG. The mean postoperative obser-
vation period was 3.7 ± 1.3 years. Following LSG, subjects 
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showed significant decreases in BMI, %TWL, and HbA1c 
compared with the first visit at all the time periods from 
1 to 5 years after LSG.

Figure 1d–f shows the changes in ΔBMI, %TWL, and 
HbA1c from the first visit to 5 years after LSG in the re-
mission-maintained and relapse groups. Overall, ΔBMI, 
%TWL, and HbA1c all showed significant changes from 
the first visit to 5 years after LSG (main effect). On the 
other hand, in the comparison between, no differences 
between the remission-maintained and relapse groups 
were found in the course of changes up to 5 years after 
LSG (interaction effect). 

Percentage of Diabetes Remission and Relapse from 1 
to 5 Years Post-LSG
Figure 2a shows the trend of the percentage of diabetes 

CR, CR + PR, and CR + PR + IP from 1 to 5 years after 
LSG. At 1 year after LSG, CR was 62.7%, CR + PR was 
79.1%, and CR + PR + IP was 92.5%. From 2 to 5 years 
after LSG, the percentage of CR, CR + PR, and CR + PR + 

IP all decreased over time. However, 83.0% of the subjects 
were able to achieve HbA1c <7% (IP) at 5 years after LSG.

Figure 2b shows the percentage of subjects who had 
diabetes relapse (percentage of subjects who once achieved 
HbA1c below 6.5% without antidiabetic medication after 
LSG, and subsequently deviated from this criterion). The 
percentage of diabetes relapse increased over time after 
LSG, with a significant increase at 5 years compared to 2 
years after LSG.

Odds Ratios for Diabetes Relapse at 5 Years Post-LSG 
of Each Clinical Parameters Analyzed by Logistic 
Regression Models
Table 2 shows the odds ratios for diabetes relapse at 5 

years after LSG for the clinical parameters analyzed by the 
logistic regression model. In this analysis, BMI, preop-
erative HbA1c, and HOMA-β, which are important indi-
ces related to diabetes control and found to be signifi-
cantly different between the remission-maintained and 
relapse groups (Table 1), together with gender and age 

a

d e f

b c

Fig. 1. Time courses of BMI, %TWL, and HbA1c from the first visit to 5 years after LSG for all included subjects 
who underwent LSG (n = 210) (Fig. a–c) and changes in ΔBMI, %TWL, and HbA1c in remission-maintained 
and relapse groups (Fig. d–f). Data are presented as means ± SD. *p < 0.05 versus 1st visit. Repeated measures 
ANOVA followed by Bonferroni multiple comparison test was used to evaluate the overall change (main ef-
fect p value) and differences between the two groups (interaction effect p value). LSG, laparoscopic sleeve gas-
trectomy; BMI, body mass index; %TWL, percentage total weight loss; po, postoperation.
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were entered into the models. Preoperative HbA1c was 
identified as an independent contributor to diabetes re-
lapse (odds ratio 1.54, p = 0.049).

Comparison of Changes in Clinical Parameters from 
the First Visit to 1 Year after LSG and Weight Gain 
Indicators from Nadir to the Most Recent Follow-Up
Table  3 shows comparisons between the remission-

maintained and relapse groups of the changes in clinical 
parameters from the first visit to 1 year after LSG and 
weight gain indicators from nadir to the most recent fol-
low-up. Compared with the remission-maintained group, 
the relapse group had lower changes in body weight, BMI, 
and triglycerides (TG); and lower %TWL at 1 year after 
LSG. In the diabetes relapse group, %WR of total weight 
loss from the nadir weight tended to be higher (p = 0.053), 
and the percentage of subjects who regained 25% or more 
weight from the nadir was significantly higher (p = 0.004).

Cox Proportional Hazard model for the Association of 
with Diabetes Relapse at 5 Years Post-LSG
Figure 3 shows the Cox proportional hazard model for 

the association of postoperative weight parameters with 

diabetes relapse at 5 years after LSG. The original J-
SMART study of morbidly obese Japanese subjects re-
quired 20.8% weight loss for determining CR of T2DM 
[10]. On the other hand, there is no clear evidence regard-
ing the definition of postoperative WR that contributes to 
diabetes relapse after bariatric surgery in Japanese sub-
jects. Generally, WR of 25% or more of the maximum 

a b

Fig. 2. Percentage of subjects with diabetes CR, CR + PR, CR + PR + IP (Fig. a), and relapse (Fig. b) during 5 
years after LSG. *p < 0.05, Cochran’s Q test. LSG, laparoscopic sleeve gastrectomy; CR, complete remission; PR, 
partial remission; IP, improvement; LSG, laparoscopic sleeve gastrectomy; y, years; post-op, postoperation.

Table 2. Odds ratios with 95% CI for diabetes relapse at 5 years after 
LSG for the clinical parameter analyzed by the logistic regression 
model

OR 95% CI p value

Male (1), female (0) 1.02 0.30–3.50 0.980
Age, years 1.01 0.95–1.08 0.662
BMI 0.94 0.86–1.03 0.175
Preoperative HbA1c, % 1.54 1.00–2.37 0.049
HOMA-β, % 1.00 0.99–1.01 0.382

A p value <0.05 was considered significant. LSG, laparoscopic 
sleeve gastrectomy; OR, odds ratio; CI, confidence interval; BMI, 
body mass index, HOMA-β, homeostasis model assessment for beta 
cell function. Model: r2 = 0.229, p = 0.043.
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Table 3. Comparison of changes in clinical parameters from the first visit to 1 year after LSG, and regained BW, BMI, and %WR in the 
remission-maintained and relapse groups at 5 years after LSG

Remission-maintained group 
(n = 60)

Relapse group 
(n = 22)

p value

Change from the first visit to 1 year after LSG
ΔBW (kg) −37.2[−44.4– (−29.2)] −24.1[−33.3– (−18.9)] <0.001
ΔBMI, kg/m2 −13.7±4.1 −9.7±3.1 <0.001
%TWL, % 30.9±7.0 23.6±5.9 <0.001
ΔHbA1c, % −1.2[−2.5– (−0.7)] −1.3[−4.0– (−0.6)] 0.115
ΔTC, md/dL −1.7±40.9 3.7±48.3 0.644
ΔTG, md/dL −81.0[−154.5– (−30.5)] −8.0 (−120.0–2.0) 0.012
ΔHDL-C, md/dL 15.6±13.6 12.1±14.5 0.344
ΔeGFR, mL/min/1.73 m2 1.3±12.4 −2.1±20.1 0.397
ΔVFA, cm2 −126.8[−183.6– (−85.6)] −125.8[−281.9– (−66.7)] 0.754
ΔSFA, cm2 −145.1[−284.4– (−84.4)] −92.0[−162.5– (−36.3)] 0.247
ΔSBP, mm Hg 5.7±18.9 3.3±22.8 0.669
ΔDBP, mm Hg 3.6±12.3 1.1±17.2 0.518
Indicators of postoperative weight regain at the most recent follow-upa

Regained BW from nadir weight, kg 4.9 (2.4–8.3) 5.8 (2.9–10.4) 0.540
Subjects with ≥10 kg weight regain from nadir, % 15.2 31.6 0.176

Regained BMI from the BMI at nadir weight, kg/m2 1.9 (0.9–3.1) 2.0 (1.0–4.1) 0.574
Subjects with BMI regain ≥5 points from nadir, % 10.9 21.1 0.430

%WR of total weight loss from nadir weight, % 14.3 (6.4–22.2) 28.6 (9.2–51.7) 0.053
Subjects with %WR ≥25% from nadir, % 15.2 52.6 0.004

LSG, laparoscopic sleeve gastrectomy; BW, body weight; BMI, body mass index; %TWL, percentage total weight loss; HbA1c, glycosylated hemoglobin; TC, 
total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; VFA, visceral fat area; SFA, subcutaneous 
fat area; SBP, systolic blood pressure; DBP, diastolic blood pressure; %WR, percentage weight regain. %WR was calculated using the following formula: (current 
weight − nadir weight)/(presurgery weight − nadir weight) × 100. Data are presented as mean ± SD or median (interquartile range) or percentage. Student’s t 
test was used to analyze parametric data and Mann-Whitney U test for nonparametric data. Fisher’s exact test was used to detect significant differences between 
proportions and categorical variables. A p value < 0.05 was considered significant. a Calculated using the change from nadir weight after LSG to the most recent 
weight.

Fig. 3. Cox proportional hazard model for the association of postoperative weight parameters with diabetes re-
lapse at 5 years after LSG. HR, hazard ratio; %TWL, percentage total weight loss; %WR, percent age weight regain; 
CI, confidence interval. HRs were adjusted for age and gender. Percentage WR was calculated using the following 
formula: (current weight − nadir weight)/(presurgery weight − nadir weight) × 100. *p < 0.05. %TWL was calcu-
lated using the weight at 1 year after LSG, and %WR was calculated using the change from nadir weight after LSG 
to the most recent weight.
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weight loss is considered clinically meaningful [32, 33], 
and in Table  3, the percentage of subjects with %WR 
greater than 25% was significantly higher in the relapse 
group. Therefore, two criteria were used: %TWL of 20% 
or more at 1 year after LSG and %WR of less than 25% 
after LSG. The subjects were divided into four groups: (A) 
%TWL ≥20% and %WR <25%, (B) %TWL <20% and 
%WR <25%, (C) %TWL ≥20% and %WR ≥25%, and (D) 
%TWL <20% and %WR ≥25%. The hazard ratio for dia-
betes relapse compared to group A was not significantly 
different in group B, but increased significantly by 3.14-
fold in group C and 5.46-fold in group D.

Discussion

The current study showed that preoperative HbA1c, 
poor postoperative weight loss, and postoperative WR 
contributed to T2DM relapse in Japanese subjects with 
severe obesity who were indicated for bariatric surgery. 
While bariatric surgery has been reported in many papers 
to induce remission of T2DM, it has become clear in re-
cent years that relapse of diabetes is not uncommon dur-
ing the long-term follow-up. The relapse rate after diabe-
tes is remitted at one point is 32% after sleeve gastrectomy 
or RYGB [34]. Even after RYGB, a large clinical study 
found that 35% of the patients relapsed 5 years after sur-
gery [35]. In this study which included only LSG, the dia-
betes relapse rate at 5 years after surgery was 26.8%, show-
ing a similar trend as in previous reports [7, 36]. On the 
other hand, diabetes improved in 83.0% of all subjects at 
5 years after LSG in this study. In a previous report com-
paring bariatric surgery with intensive medical therapy 
[37], only 21% of the subjects achieved an HbA1c of 7% 
or less with medical therapy during a 5-year observation 
period. In other words, although diabetes relapses in a 
portion of subjects after bariatric surgery, there is no 
doubt that this modality is superior to medical therapy for 
the control of diabetes.

Known independent baseline predictors of postopera-
tive diabetes relapse include the number of preoperative 
antidiabetic medications, duration of preoperative 
T2DM, using sleeve gastrectomy as opposed to RYGB, 
and poor initial weight loss or postoperative WR [7, 34]. 
In the present study, the relapse group also had a larger 
number of antidiabetic medications, lower %TWL at 1 
year after LSG, and higher WR after LSG, consistent with 
previous studies. On the other hand, since the present 
study included only subjects who underwent LSG, the im-
pact of different techniques on diabetes relapse was not 

studied. In Japan, because RYGB is not covered by insur-
ance, LSG which is covered by insurance is very often 
chosen [3, 38]. Although RYGB has been reported to be 
associated with less diabetes relapses than LSG [39], there 
are few studies on this aspect in Japanese subjects. It is 
very important to compare the difference in diabetes re-
lapse rates between LSG and other procedures including 
RYGB.

A recent study in Asian subjects has reported that the 
ABCD score is also useful in predicting diabetes relapse 
[40]. The ABCD score that predicts remission of T2DM 
after bariatric surgery consists of the following factors: 
age (A), BMI (B), serum CPR (C), and duration of diabe-
tes (D). Each factor is easy to calculate, and the effect of 
LSG on diabetes remission in Japanese subjects correlates 
well with the ABCD score [41–43]. In addition, impaired 
pancreatic beta-cell function, characterized by decreased 
serum CPR, correlates well with the duration of long-
term diabetes [44]. In this sense, the ABCD score may be 
useful as an indicator of diabetes remission or relapse af-
ter bariatric surgery. The results of our study, however, 
showed no difference in ABCD scores between the remis-
sion-maintained and relapse groups. Whether the ABCD 
score is useful for detecting diabetes relapse after bariatric 
surgery needs to be studied in detail by accumulating 
more subjects indicated for bariatric surgery in the future. 
Other baseline data in this study included significantly 
higher HDL-C in the relapse group (Table 1). In general, 
HDL-C often decreases with increasing TG and low-den-
sity lipoprotein cholesterol levels. HDL-C is also known 
to increase with exercise. However, there was no differ-
ence in TG levels (Table 1) and exercise habits between 
two groups (data not shown). The direct cause of why 
HDL-C was higher in the relapse group is unknown.

In bariatric surgery, weight in kilogram, BMI, and per-
centage of presurgery weight are often used as indicators 
of postoperative weight loss. WR is often expressed as 
weight in kilogram, BMI, percentage of presurgery weight, 
percentage of nadir weight, or percentage of maximum 
weight loss [33]. In Table 3 of the current study, we also 
evaluated postoperative weight loss and WR using repre-
sentative indices. The group with postoperative diabetes 
relapse had lower percentage of presurgery weight, i.e., 
%TWL, and higher percentage of maximum weight loss 
after LSG, i.e., %WR, at 1 year after LSG. However, many 
clinically meaningful criteria for WR have been evaluated 
in the context of gastric bypass [32, 45, 46]. Our study was 
confined to LSG, and the criteria for WR after LSG have 
not been studied in detail. Therefore, it is important to 
establish a definition of WR after LSG. Essentially, receiv-
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er-operating characteristic curves should be generated to 
obtain the cutoff value for %WR that contributes to dia-
betes relapse, and the hazard ratio that contributes to di-
abetes relapse should be evaluated. However, we did not 
obtain receiver-operating characteristic curves with suf-
ficient sensitivity and specificity from the data in the pres-
ent study. This may be due to inadequate number of sub-
jects and follow-up duration. Additional analysis with 
larger sample size and longer observation period is need-
ed. Few studies have combined a measure of postopera-
tive weight loss with postoperative WR to obtain hazard 
ratios for diabetes relapse. In this study, postoperative 
%TWL less than 20% and %WR greater than or equal to 
25% had a 5.46-fold hazard ratio for diabetes relapse. This 
means that not only adequate postoperative weight loss 
but also minimal WR is important.

Psychiatric disorders are known to be common in 
morbidly obese patients who are indicated for bariatric 
surgery [47], and there is a report of psychological factors 
influencing compliance with postoperative diet therapy 
[48]. In another study, patients with poor postoperative 
weight loss frequently had mood disorders and mental 
retardation/developmental disorders, and snacking and 
eating out habits were often observed [49]. We have also 
reported previously that childhood onset obesity, mental 
retardation and developmental disorders, and binge eat-
ing contribute to postoperative WR [17]. The present 
study revealed that postoperative WR contributed to dia-
betes relapse, but the frequencies of childhood onset obe-
sity, psychiatric disorders, mental retardation and devel-
opmental disorders, binge eating, and IQ were not differ-
ent between the remission-maintained and relapse groups 
(Table 1). One reason why childhood onset obesity con-
tributes to WR, but not to diabetes relapse after LSG, may 
be due to the characteristics of “metabolically healthy” 
obesity in subjects with childhood onset obesity, such as 
relatively low preoperative HbA1c, preserved insulin se-
cretion capacity, and low VFA fat area [17]. There are 
very few studies on the association between psychosocial 
factors and diabetes relapse after bariatric surgery, and 
further detailed studies are warranted.

This study has several limitations. First, the study had 
a retrospective design. However, there are difficulties in 
conducting prospective study on subjects undergoing 
bariatric surgery followed over a long period of time, and 
a feasible option is to analyze existing data retrospective-
ly to search for factors that contribute to diabetes relapse. 
On the other hand, subjects who do not have diabetes be-
fore surgery or whose diabetes has not remitted will be 
excluded from the analysis, making it important to con-

duct a retrospective study that includes a large number of 
subjects followed for a long period. Furthermore, because 
this study included only subjects who underwent LSG, 
the results are not necessarily generalizable to patients 
undergoing other bariatric procedures including RYGB. 
However, since LSG occupies approximately 90% of bar-
iatric surgeries in Japan and the number of LSG proce-
dures and research on LSG are increasing worldwide [50, 
51], the present study has important clinical relevance. 
Another weakness that must be noted is that this study 
included only Japanese subjects, and racial differences 
were not considered. One other limitation is the short 
follow-up period, which may affect the postoperative dia-
betes relapse rate.

Throughout this study, we examined the rate of diabe-
tes relapse and the factors that contribute to relapse. Al-
though diabetes relapsed at a certain rate after LSG, 
HbA1c in the relapse group at 5 years after LSG remained 
lower than that before the surgery. This result implies that 
even when diabetes relapses after bariatric surgery, LSG 
is not a failure because the procedure certainly contrib-
utes to lower the risk of cardiovascular events. Recently, 
evidence is accumulating not only for risk reduction of 
cardiovascular events and mortality [52–54] but also for 
amelioration of renal failure progression [55, 56] and re-
duction of cancer risk [57]. There is no doubt that bariat-
ric surgery should be performed appropriately in patients 
with indications for the procedure.

Conclusion

While LSG provides a high remission rate for T2DM, 
diabetes relapse is not uncommon. Preoperative HbA1c, 
poor weight loss, and excess WR after LSG were found to 
contribute to diabetes relapse, suggesting that treatment 
strategies targeting these factors are important. It is desir-
able to increase the number of subjects who are eligible 
for LSG, to calculate a unique Japanese %WR cutoff for 
diabetes relapse, and to reevaluate the results over a lon-
ger follow-up period.
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