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Abstract

Aims The aims of the study were to investigate weight

loss and glycemic control parameters after different bar-

iatric surgical procedures in type 2 diabetes (T2D) obese

patients and identify patients’ factors that predict diabetes

remission.

Methods The study included 105 obese T2D patients (66

women and 39 men) who underwent laparoscopic gastric

banding (LAGB, 11 subjects, age 47 ± 10 years, BMI

42.3 ± 8.3 kg/m2), or laparoscopic Roux-en-Y gastric

bypass (RYBP, 77 subjects, age 50 ± 8 years, BMI 45.7

± 6.8 kg/m2), or sleeve gastrectomy (SG, 17 subjects, age

49 ± 11 years, BMI 50.2 ± 8.8 kg/m2) during 2005–2012

period.

Results The average percentage of weight loss at

12 months after surgery was 26.4 ± 9.8 %, and it was

maintained at 24 and 36 months of follow-up. Diabetes

remission occurred in 68.6 % of study participants (4/11 of

LAGB, 54/77 of RYBP and 14/17 of SG). In multivariate

Cox analysis, age, duration of diabetes, surgical procedure

and glycated hemoglobin \53 mmol/mol (7 %) resulted

significant predictors of diabetes remission (age

RR = 0.97, 95 %CI 0.94–1.0, p = 0.05; diabetes duration

RR = 0.93, 95 % CI 0.86–0.99, p = 0.036; rif LAGB,

RYBP RR = 3.9, 95 % CI 1.31–11.57, p = 0.014; SG

RR = 5.6, 95 % CI 1.67–18.64, p = 0.005; glycated he-

moglobin RR = 0.54, 95 % CI 0.32–0.92, p = 0.024).

Conclusions Bariatric surgical procedures that modify the

upper gastrointestinal tract anatomy (RYBP and SG) are

more successful in producing weight loss and remission of

T2D than those that simply restrict stomach capacity

(LAGB). Younger age, short duration of diabetes and better

glucose control confer higher probability of achieving re-

mission of diabetes.

Keywords Diabetes remission � Diabetes � Bariatric

surgery � Obesity � Observational study

Introduction

Bariatric surgery is considered a valuable treatment for

morbid obesity [1]. It results in a durable weight loss, im-

provement in quality of life and in obesity-related comor-

bidity and on survival [2–4]. Obesity, particularly central

obesity, is closely associated with insulin resistance, type 2

diabetes and cardiovascular diseases [5, 6]. Recent studies,

including five randomized controlled trials [7–11], have

shown the remarkable effects of bariatric surgery on im-

proving glycemic control and cardiovascular risk factor

modification in type 2 diabetes, emerging as a potential

treatment of this disease [12, 13]. As a matter of fact, one of

the major goals in the contemporary bariatric surgery is the

remission of type 2 diabetes. Nevertheless, question remains

regarding the durability of the metabolic benefits of surgery.

The most commonly used bariatric surgery techniques

are Roux-en-Y gastric bypass (RYGB), sleeve gastrectomy

Managed by Massimo Federici.

& Maria Grazia Zenti

mariagrazia.zenti@univr.it

1 Division of Endocrinology, Diabetes and Metabolism,

Department of Medicine, UOC Endocrinologia, University

and University Hospital of Verona, Piazzale Stefani 1,

37126 Verona, Italy

2 USD Clinical Psychology, Department of Medicine,

University Hospital of Verona, Verona, Italy

3 Division of Bariatric Surgery, Department of Surgery,

University Hospital of Verona, Verona, Italy

123

Acta Diabetol (2015) 52:937–942

DOI 10.1007/s00592-015-0738-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s00592-015-0738-8&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00592-015-0738-8&amp;domain=pdf


(SG) and laparoscopic adjustable gastric banding

(LAGB). Although type 2 diabetes remission is a goal

of the contemporary bariatric surgery, currently, it is

difficult to identify the most effective surgical technique

based on patient characteristics and comorbidities.

Furthermore, little is known about the difference among

various weight loss surgical procedures on diabetes

remission.

Thus, the aim of this study was to compare the clinical

efficacy of laparoscopic adjustable gastric banding

(LAGB), Roux-en-Y gastric bypass (RYBP) and sleeve

gastrectomy (SG) in terms of type 2 diabetes remission in a

clinical setting study.

Subjects and methods

The present prospective monocentric observational study,

based on our bariatric surgery cohort, was aimed to eval-

uate the clinical impact of three different surgical tech-

niques on diabetes remission.

Since 2005 until December 2012, 480 obese patients

were operated in the bariatric surgery unit, 105 of these

(22 %) were affected by type 2 diabetes (66 women and

39 men, mean age 49.3 ± 8.6 years, mean BMI

46.1 ± 7.5 kg/m2). The diabetic patients were selected for

the present analysis. All patients were evaluated by a team

of specialist of the Interdisciplinary Group of Bariatric

Surgery of Verona: diabetologist, dietician, psychologist

and surgeon. All bariatric procedures were carried out by

the same surgeon with the same surgical techniques. Fur-

thermore, the same diabetologist evaluated all patients

before surgery and during the follow-up.

Diabetes was diagnosed by ADA criteria [14].

Twenty-one subjects (20 %) received a diagnosis of

diabetes concurrently to bariatric surgery, 43 patients

(41 %) had diabetes with duration between 0 and

4 years, 23 patients (22 %) had diabetes with duration

between 5 and 9 years, and finally, 18 patients (17 %)

had diabetes with duration of more than 10 years.

Treatment of diabetes was by insulin in 22 patients, by

oral antidiabetic agents in 66 patients and by diet alone

in 17 patients. All participants completed research

assessments prior to surgery and at 3, 6, 12 months, and

then annually after surgery for 3 years.

Diabetes remission was defined as glycated hemoglobin

(HbA1c) \42 mmol/mol Hb (6 %) and fasting blood glu-

cose (FBG) \100 mg/dl off diabetic medications, accord-

ing to ADA 2009 criteria [15].

The study was approved by the Ethical Committee of

Verona, and all participants gave written informed consent

to it.

Clinical and laboratory data

Body mass index (BMI) was calculated by dividing weight

in kilograms by the square of height in meters. Blood

pressure was measured with a standard mercury manome-

ter. Venous blood was drawn in the morning after an

overnight fast in all patients. Serum creatinine, lipids and

other biochemical blood measurements were determined

by standard laboratory procedures (DAX 96; Bayer Diag-

nostics, Milan, Italy). Hemoglobin A1c (HbA1C) was

measured according to the standard operating procedure of

the IFCC reference, by an automated high-performance

liquid chromatography analyzer (Bio-Rad Diamat, Milan,

Italy). Patients were considered to have arterial hyperten-

sion if their blood pressure values were[140/90 mmHg or

they were taking any antihypertensive drugs.

Statistical analysis

The remission of diabetes was the endpoint of the study.

Continuous variables with normal distribution are pre-

sented as mean ± SD. Categorical variables are expressed

as absolute frequencies and percentage (%). Differences

between groups were evaluated using parametric or non-

parametric tests as appropriate, the Chi-square test was

used for categorical variables. The impact of different

surgical procedures on diabetes remission was estimated in

univariate analysis using Kaplan–Meier (log-rank test) and

in multivariate using Cox proportional hazards methods

adjusting for age, sex, BMI, duration of diabetes and

metabolic control (glycated hemoglobin [53 vs B 53 m-

mol/mol Hb). In the attempt to characterize an ideal patient

with a higher probability of remission of diabetes, subjects

were divided in tertiles of age (I tertile age B45 years; II

tertile age 46–53 years; III tertile age C54 years) and du-

ration of diabetes (I tertile 0–2 years; II tertile 3–5 years;

III tertile C6 years), and these variables were introduced in

the Cox proportional model.

Results

Surgical procedures included LAGB (11 subjects, age

47 ± 10 years, BMI 42.3 ± 8.3 kg/m2), RYBP (77 sub-

jects, age 50 ± 8 years, BMI 45.7 ± 6.8 kg/m2) and SG

(17 subjects, age 49 ± 11 years, BMI 50.2 ± 8.8 kg/m2).

Baseline characteristics of diabetic patients are reported in

Table 1: age, sex distribution, duration of diabetes, gly-

cated hemoglobin, fasting plasma glucose, treatment of

diabetes, hypertension and hypercholesterolemia were not

different among the groups, while BMI was significantly

higher in patients who underwent SG.
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A significant weight loss (p\ 0.01) was obtained after

each single surgical procedure as shown in Fig. 1. The

percentage of weight lost reached its nadir by 12 months

after surgery (in whole cohort Dkg % -26.4 ± 9.8), and it

was maintained at 36 months of follow-up. In the whole

group, 72 patients (68.6 %) achieved diabetes remission

(four patients of LAGB group, 54 patients of RYBP group

and 14 patients of SG group, respectively). The average

time to diabetes remission was 7.9 ± 6.6 months after

surgery, without any differences among surgery procedures

(8.5 ± 8.6 months for LAGB; 8.0 ± 7.0 months for

RYBP; 7.3 ± 4.8 months for SG; p = 0.92).

Table 2 shows that patients who achieved diabetes re-

mission (n = 72) were younger (48.1 ± 8.1 vs

52.1 ± 7.7 years, p = 0.026), with a shorter duration of

diabetes (3.5 ± 3.6 vs 8.8 ± 7.2 years, p = 0.001) and a

lower fasting plasma glucose (149 ± 48 vs 179 ± 54 mg/

dl, p = 0.005) in comparison with patients who failed

(n = 33). They were more frequently on diet treatment

only and less frequently treated by drugs either insulin or

oral antidiabetic agents (Table 2). There were no differ-

ences in antihypertensive treatment, while the use of statins

was significantly higher in patients who did not reach re-

mission of diabetes.

The Kaplan–Meiers analysis (Fig. 2) shows that subjects

that underwent RYBP and SG tended to reach diabetes

remission in a higher percentage than patients of LAGB

group (p = 0.07). When SG and RYBP surgical proce-

dures were combined, the differences in the probability of

diabetes remission resulted significant (p = 0.036) (data

not shown).

To study the predictors of diabetes remission, a multi-

variate Cox proportional analysis was modelled. As shown

in Table 3, the significant predictors of diabetes remission

were age (RR = 0.97, 95 % CI 0.94–1.0, p = 0.05), dia-

betes duration (RR = 0.93, 95 % CI 0.86–0.99,

p = 0.036), surgical procedures (rif LAGB, RYBP

RR = 3.9, 95 % CI 1.31–11.57, p = 0.014; SG RR = 5.6,

95 % CI 1.67–18.64, p = 0.005) and glycated hemoglobin

\53 mmol/mol (7 %) (RR = 0.54, 95 % CI 0.32–0.92,

p = 0.024). In order to characterize an ideal patient with a

higher probability of remission of diabetes, we modelled a

multivariate Cox model using tertiles of age and duration

of diabetes. According to the results of this analysis, the

ideal patient should be younger than 45 years, with a du-

ration of diabetes\2 years and in good metabolic control

(HbA1c B53 mmol/mol = 7 %).

The use of statins (yes/no) was not significant when

included in the multivariate Cox model (data not shown).

Table 1 Baseline characteristics of type 2 diabetic obese patients (mean ± DS)

Whole cohort

(n = 105)

Gastric banding

(n = 11)

Gastric bypass

(n = 77)

Sleeve gastrectomy

(n = 17)

p

Female [n (%)] 66 (62.9) 10 (90.9) 45 (58.4) 11 (64.7) 0.11

Age (y) 49.3 ± 8.6 47 ± 10 50 ± 8 49 ± 11 0.71

BMI (kg/m2) 46.1 ± 7.5 42.3 ± 8.3 45.7 ± 6.8 50.2 ± 8.8 0.017

Diabetes duration (y) 5.4 ± 5.5 3.2 ± 3.9 5.6 ± 5.9 5.9 ± 3.9 0.37

HbA1c (mmol/mol) 61 ± 14 54 ± 10 63 ± 15 55 ± 7 0.053

FPG (mg/dL) 158.5 ± 51.9 144.9 ± 40.9 164.4 ± 54.5 140.5 ± 41.5 0.15

Antidiabetics agents [n (%)] 66 (62.9) 6 (54.6) 49 (63.6) 11 (64.7) 0.39

Insulin therapy [n (%)] 22 (21.0) 1 (0.9) 17 (22.1) 4 (23.5) 0.39

Antihypertensive therapy [n (%)] 85 (81.0) 6 (54.5) 64 (83.1) 15 (88.2) 0.055

Statin therapy [n (%)] 24 (22.9) 2 (18.2) 20 (26.0) 2 (11.8) 0.42

BMI body mass index, HbA1c glycated hemoglobin, FPG fasting plasma glucose

0             5            10           15           20          25           30           35          40
months

Fig. 1 Weight loss according to surgical procedures (RYGB vs

LAGB p = 0.03; SG vs LAGB p = 0.03)
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Discussion

Our Study once again confirms that bariatric surgery is a

safe surgical procedure to reach a durable reduction in

body weight and the remission of type 2 diabetes. More-

over, we found that surrogate markers of b-cell function,

such as duration of diabetes and glycemic control, may

have a role in selecting patients with a higher probability of

achieving remission of diabetes [16, 17]. Our results also

suggest that surgical procedures such as RYBP and SG

may be a better choice if remission of diabetes is also a

goal of therapy.

An increasing body of evidence emphasizes the bariatric

surgery benefits for treatment of the type 2 diabetes in

obese patients. Short-term diabetes remission occurs after

bariatric surgery in 60–90 % of patients [2, 7–11, 18]. To

improve the duration of remission, Pok and Lee [19] pro-

posed to select patients with higher BMI and better b-cell

function. Accordingly, a recent meta-analysis by Wang

et al. [20] observed that type 2 diabetes remission was

negatively correlated with age, diabetes duration, insulin

use and HbA1c levels that may be considered as clinical

surrogate markers of b-cell function [21]. Furthermore,

both higher BMI and C-peptide levels before surgery were

shown to be associated with a better chance of diabetes

remission rate in Asian patients [22].

The choice of surgical procedure to be used is a further

important issue; many variations in selection of the surgical

technique are observed among obesity care centers. Cam-

pos et al. [23], in a two-cohort pair-matched study, showed

that RYGB versus LAGB presented a greater weight loss, a

greater resolution of diabetes and better improved quality

of life. In a recent systematic review [24], gastric bypass

had better outcome than gastric band procedures for long-

term weight loss, type 2 diabetes control and remission,

and [25] in a retrospective study, the resolution rate of

diabetes 1 year after surgery was significantly higher after

SG than LAGB, but not significantly different between SG

and RYBP.

Our results are basically in agreement with those pre-

viously reported [23, 25, 26] as significant differences were

observed in diabetes remission rate depending on the sur-

gical method used: RYBP and SG, that modify upper

gastrointestinal tract anatomy, showed a greater diabetes

remission rate in comparison with LAGB.

It is important to note that the lack of standardization of

the criteria of remission of diabetes among studies intro-

duces a limit to the comparison. In published studies,

resolution of T2D was defined and reported in a variety of

ways (HbA1c levels of \5–6, 5.7, 6.5 and 7 %) without

glucose-lowering therapy. In our study, we used ADA 2009

Table 2 Baseline Characteristics of patients (mean ± DS) according

to diabetes remission

Remission of diabetes No Yes p

n 33 72

Female [n (%)] 24 (73) 42 (58) 0.156

Age (y) 52.1 ± 7.7 48.1 ± 8.1 0.026

BMI (kg/m2) 44.5 ± 7.8 46.8 ± 7.3 0.136

Diabetes duration (y) 8.8 ± 7.2 3.5 ± 3.6 0.001

HbA1c (mmol/mol) 65 ± 13 60 ± 15 0.08

FPG [mean ± DS (mg/dL)] 179.1 ± 54.5 149.1 ± 48.2 0.005

Diet [n (%)] 2 (6.0) 15 (20.8) 0.001

Antidiabetics agents [n (%)] 17 (51.5) 49 (68.0) 0.001

Insulin therapy [n (%)] 14 (42.4) 8 (11.1) 0.001

Antihypertensive therapy [n

(%)]

28 (84.8) 57 (75.2) 0.344

Statin therapy [n (%)] 14 (42.4) 10 (13.5) 0.002

BMI body mass index, HbA1c glycated hemoglobin, FPG fasting

plasma glucose

LAGB

RYBP
SG
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Fig. 2 Overall cumulative probability of diabetes remission estimat-

ed by the Kaplan–Meier analysis

Table 3 RR (95 % CI) of predictors of diabetes remission in 105

type 2 diabetes obese patients after bariatric surgery

Variable RR 95 % IC p

Age (y) 0.97 0.94–1.0 0.05

Sex (F) 1.28 0.77–2.12 0.329

BMI (kg/m2) 1.0 0.97–1.04 0.803

Diabetes duration (y) 0.927 0.86–0.99 0.036

HbA1c ([53 vs B53 mmol/mol) 0.54 0.32–0.92 0.024

Insulin therapy (yes/not) 1.72 0.75–3.95 0.198

Surgical procedure

LAGB Ref.

RYBP 3.89 1.31–11.57 0.014

SG 5.59 1.68–18.64 0.005

BMI body mass index, HbA1c glycated hemoglobin, LAGB laparo-

scopic adjustable gastric banding, RYBP Roux-en-Y gastric bypass,

SG sleeve gastrectomy
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criteria (HbA1c \6 %, 42 mmol/mol, and fasting blood

glucose\100 mg/dl off diabetic medications).

In our study, diabetes remission occurred in 68.6 % of

our patients, but also patients who failed diabetes remission

showed a better glycemic control after surgery [HbA1c at

baseline: 8.1 ± 1.4 % (65 ± 13 mmol/mol); 12 months

follow-up: 6.8 ± 0.9 % (51 ± 7.5 mmol/mol); 24 months

follow-up: 7.0 ± 0.9 % (53 ± 7.5 mmol/mol); 36 months

follow-up: 7.0 ± 0.8 % (53 ± 6.4 mmol/mol)] and a re-

duction in diabetic medications. Furthermore, in our study,

no diabetes relapse was observed in patients with diabetes

remission during the follow-up.

The use of statins has been shown to increase the risk of

developing diabetes [27]. In our study the use of statins was

more frequent in patients who did not reach remission of

diabetes, apparently suggesting a possible negative effect

of statins on remission of diabetes. However, this effect

was lost in the multivariate analysis. Maybe a study should

be designed specifically to investigate this issue.

Strengths of our study are: (1) all patients were

evaluated by the same team of specialist; therefore, our

data are homogeneous; (2) the completeness of the data; (3)

the follow-up was regularly executed. The major limitation

of our study is its observational design and therefore the

absence of randomization. A further limitation may be the

number of patients in the LAGB group which was mainly

composed of female. However, when only females were

included in the multivariate analysis, the results did not

change. Nevertheless, patients were comparable for the

major clinical characteristics (Table 1) before surgery.

Therefore, we believe that our result can truly represent the

clinical setting to select patients and offer the best surgical

procedure if the remission of diabetes is a further goal of

treatment. According to the results of our multivariate

model, the ideal type 2 diabetic obese patients should have

a duration of diabetes of \2 years, be in good glycemic

control (HbA1c \53 mmol/mol = 7 %) and with an age

below 45 years. This ideal patient should be considered for

sleeve or bypass surgical procedures to improve its chance

to achieve remission of diabetes.

To conclude, the results of our study suggest that among

the three surgical procedures available for the management

of obese patients with type 2 diabetes, RYBP and SG might

be more efficient than LAGB to induce diabetes remission.

Furthermore, in our obese T2DM patients, age, history of

diabetes and glycemic control can be assumed to be pre-

dictors for diabetes remission.
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