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Abstract
Background Controversy exists regarding type 2 diabetes
(T2D) remission rates after bariatric surgery (BS) due to
heterogeneity in its definition and patients' baseline features.
We evaluate T2D remission using recent criteria, according
to preoperative characteristics and insulin therapy (IT).

Methods We performed a retrospective study from a cohort
of 657 BS from a single center (2006–2011), of which 141
(57.4 % women) had T2D. We evaluated anthropometric
and glucosemetabolism parameters before surgery and at 1-year
follow-up. T2D remission was defined according to 2009 con-
sensus criteria: HbA1c <6%, fasting glucose (FG) <100mg/dL,
and absence of pharmacologic treatment. We analyzed diabetes
remission according to previous treatment.
Results Preoperative characteristic were (mean±SD): age
53.9±9.8 years, BMI 43.7±5.6 kg/m2, T2D duration 7.4±
7.6 years, FG 160.0±54.6 mg/dL, HbA1c 7.6±1.6 %. Fifty-
six (39.7 %) individuals had IT. At 1-year follow-up, 74
patients (52.5 %) had diabetes remission. Percentage weight
loss (%WL) and percentage excess weight loss (%EWL)
were associated to remission (35.5±8.1 vs. 30.2±9.5 %,
p=0.001; 73.6±18.4 vs. 66.3±22.8 %, p=0.037, respective-
ly). Duration of diabetes, age, and female sex were associ-
ated to nonremission: 10.3±9.4 vs. 4.7±3.8 years, p<0.001;
55.1±9.3 vs. 51.2±9.9 years, p=0.017; 58.9 vs. 33.3 %,
p=0.004, respectively. Prior treatment revealed differences
in remission rates: 67.1 % in case of oral therapy (OT) vs.
30.4 % in IT, p<0.001. OR for T2D remission in patients
with previous IT, compared to those with only OT, were
0.157–0.327 (p<0.05), adjusting by different models.
Conclusions Consensus criteria reveal lower T2D remission
rates after BS than previously reported. Prior insulin use is a
main setback for remission.
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Introduction

Increasing prevalence of both obesity and type 2 diabetes
(T2D) has prompted the need for more effective prevention
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and treatment strategies. Bariatric surgery (BS), which was
designed to achieve a substantial and durable weight loss, has
proved to be successful for diabetes remission [1]. Its impact
has been recently reviewed [2] and several position statements
now include BS in T2D treatment algorithms [3–5].

Numerous publications in the past recent years have de-
scribed a wide variety of diabetes remission rates, mainly due
to differences in criteria used for its definition and heteroge-
neity of basal characteristics of study populations [2, 6, 7]. In
an attempt to overcome this controversy, a consensus group of
experts in pediatric and adult endocrinology, diabetes educa-
tion, transplantation, metabolism, bariatric/metabolic surgery,
and hematology–oncology proposed a definition for diabetes
remission [8]. Consequently, remission rates have been com-
municated to be lower [9, 10].

Diabetes remission is explained by several mechanisms,
both weight-dependent and independent [11, 12], and sev-
eral preoperative factors have been identified as possible
predictors [13–16]. Diabetes duration, insulin resistance
(measured homeostasis model assessment [HOMA]), C-
peptide levels, and weight loss have been the most explored
ones, but stratification of patients according to previous
hypoglycemic treatment has not been thoroughly examined.
The aim of this study is to evaluate diabetes remission
according to standardized criteria after three bariatric pro-
cedures and to identify the differences according to previous
insulin use.

Materials and Methods

Study Population

We conducted a retrospective study of a cohort of 657
bariatric surgeries performed in a single center during the
years 2006–2011. A total of 141 individuals (81 women;
mean age 53.0 years, range 22–73) had medication-controlled
T2D, defined according to current ADA guidelines [17].
Cases that suggested late autoimmune diabetes, a history of
type 1 diabetes, and diabetes secondary to a specific disease
were excluded.

Information was obtained from medical charts before
surgery and at 1-year follow-up. Data collected included:
hypoglycemic treatment used, duration of diabetes, anthro-
pometric characteristics (height; weight; body mass index
[BMI], calculated as weight (kilograms)/height2 (square
meters); percentage weight loss [%WL]; and percentage
excess weight loss [%EWL] [18]), and glucose metabolism
parameters (fasting glucose [FG] and glycosylated hemoglo-
bin [HbA1c]). All patients signed a written informed consent
prior to surgery in which it was specified that clinical and
analytical data collected before the bariatric procedure and
during follow-up could be potentially used in an anonymous

way for investigation and publication. This study was ap-
proved by the Ethics Committee of the Hospital Clinico San
Carlos and was in compliance with the Helsinki Declaration.

Definition of Diabetes Remission

Diabetes remission was defined according to the 2009 con-
sensus document [8]: HbA1c <6 % and FG <100 mg/dL, in
the absence of active pharmacologic treatment. Previously
[2], diabetes remission was defined as being off diabetes
medications with normal FG (<100 mg/dL) or an HbA1c
level <6 %.

Surgical Procedures

For the purpose of analysis simplification, surgeries
performed were divided into three subgroups: Roux-en-Y
gastric bypass (RYGB) (52 patients, 36.9 %),
biliopancreatic diversion (BPD) (72 patients, 51.1 %), and
sleeve gastrectomy (SG) (17 patients, 12.1 %). Eligibility
for each of them varied according to the patients' previous
diabetes medical history and comorbidities, and was evalu-
ated by the treating physician (endocrinologist and/or sur-
geon). All surgeries were performed laparoscopically by the
same team in a single center. RYGB consisted of the creation
of a small vertical gastric pouch of approximately 15–20 mL,
a 150-cm Roux limb, and a 75–100-cm biliopancreatic limb.
BPD included two types of procedures: a classic duodenal
switch (17 cases) and a single-anastomosis duodeno-ileal
bypass with sleeve gastrectomy or SADI-S (55 patients).
Classic duodenal switch was performed as described by
Hess [19]; basically, a sleeve gastric resection was followed
by a douodeno-ileal bypass with a 250-cm alimentary limb
and a 75–100-cm common channel. SADI-S was performed
as described previously [20]; it consisted of a one-loop duo-
denal switch in which after the sleeve gastrectomy (performed
over a 54Fr [18 mm] bougie) and the duodenal division, the
proximal duodenal stump was end-to-side anastomosed to the
ileum at 250 cm form the ileocecal valve, thus creating a long
biliopancreatic channel and a 250-cm common+alimentary
limb. Because SADI-S is a simplified duodenal switch that
has proved to behave in the same way as the classic duodenal
switch, both techniques were considered under the BPD group
for statistical analyses. SG involved a greater curvature gastric
resection, from 4 cm proximal to the pylorus, to the pericardial
fat. In this case, the stomach was calibrated with a 42Fr
(14 mm) bougie.

Statistical Analysis

Descriptive results were expressed as mean±standard devi-
ation and (range) for continuous variables. Categorical vari-
ables were summarized as frequencies and percentages.
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Preoperative features were examined for their influence on
diabetes remission using analysis of variance and chi-square
tests (Fisher's exact test as required). Additionally, logistic
regression analyses were conducted for each baseline char-
acteristic to determine the predictors of T2D remission as
well as the relationship between insulin therapy and remis-
sion after adjustment by these variables. The p values were
two-sided and statistical significance was considered when
p<0.05. All statistical analyses were performed using SPSS
version 19.0 (IBM SPSS Statistics Inc., Chicago, IL, USA).

Results

Baseline Analysis

Baseline characteristics were: BMI 43.7±5.6 (29.8–61.0)
kg/m2, duration of T2D 7.4±7.6 (0.5–40) years, FG 160.0±
54.6 (77.0–431.0) mg/dL, and HbA1c 7.6±1.6 (4.9–16.3 %.
A total of 56 (39.7 %) individuals were on insulin therapy.
There were certain differences in patients' baseline character-
istics according to the three types of procedures performed.
Duration of T2D and preoperative FG and HbA1c levels were
higher in those patients who underwent BPD (9.7±9.0 years,
169.0±48.9 mg/dL, and 7.8±1.5 %, respectively), in compar-
ison to those who underwent RYGB (4.7±4.2 years, 143.0±
37.6 mg/dL, and 7.1±1.3 %, respectively) (p<0.05 in all
cases). Patients who underwent SG had the highest preopera-
tive values of FG (174.8±99.4 mg/dL) and HbA1c (8.2±
2.7 %), and it was more frequent for patients in this group to
have prior insulin therapy (nine of 17 patients, 52.9 %). There
were no significant differences regarding age, sex, and preop-
erative BMI across the three types of BS, although mean
preoperative BMI was higher in patients who underwent SG
(45.8±6.4 kg/m2).

Changes After BS, Diabetes Remission, and Predictors
of Remission

Table 1 shows different baseline and 12-month follow-up
characteristics according to diabetes remission and prior use
of diabetes medications. According to the 2009 consensus
definition [8], complete remission of diabetes was achieved
in 74 patients (52.5 %) at 1 year after BS, while according to
previous definition [2], 96 patients (68.1 %) achieved re-
mission (p<0.001). Preoperative BMI did not influence the
rate of remission, but greater percentages of weight loss
(%WL) and excess weight loss (%EWL) were observed in
the remission group: 35.5±8.1 vs. 30.2±9.5 %, p=0.001,
and 73.6±18.4 % vs. 66.3±22.8 %, p=0.037, respectively.
On the other hand, duration of diabetes, age, and female sex
were associated to nonremission; in comparison to those in
remission, nonremitters had a longer preoperative duration T

ab
le
1

P
at
ie
nt
s'
ch
ar
ac
te
ri
st
ic
s
ac
co
rd
in
g
to
re
m
is
si
on

or
no

nr
em

is
si
on

of
T
2D

(2
00

9
co
ns
en
su
s
do

cu
m
en
t[
8]
)
an
d
pr
ev
io
us

hy
po

gl
yc
em

ic
tr
ea
tm

en
t.
V
al
ue
s
sh
ow

m
ea
n
±
S
D
or

nu
m
be
r
of

pa
tie
nt
s

an
d
pe
rc
en
ta
ge
s
(%

).
“P
re
op

”
=
pr
eo
pe
ra
tiv

e,
“1
2m

”
=
12

-m
on

th
,“
B
M
I”

=
bo

dy
m
as
s
in
de
x,

“F
G
”
=
fa
st
in
g
gl
uc
os
e,
“H

bA
1c
”
=
gl
yc
os
yl
at
ed

he
m
og

lo
bi
n,

“%
W
L
”
=
pe
rc
en
ta
ge

bo
dy

w
ei
gh

tl
os
s

at
12

m
on

th
s,
“%

E
W
L
”
=
pe
rc
en
ta
ge

ex
ce
ss

bo
dy

w
ei
gh

t
lo
ss

at
12

m
on

th
s.
p
va
lu
es

ar
e
sh
ow

n
fo
r
C
hi
-s
qu

ar
e
te
st
(c
at
eg
or
ic
al

va
lu
es
)
an
d
an
al
ys
is
of

va
ri
an
ce

(c
on

tin
uo

us
va
ri
ab
le
s)

V
ar
ia
bl
e

A
ll
pa
tie
nt
s

O
ra
l
ag
en
ts
on

ly
In
su
lin

th
er
ap
y

T
ot
al

R
em

is
si
on

N
o
re
m
is
si
on

p
T
ot
al

R
em

is
si
on

N
o
re
m
is
si
on

p
T
ot
al

R
em

is
si
on

N
o
re
m
is
si
on

p

N
o.

of
pa
tie
nt
s

14
1

74
(5
2.
5)

67
(4
7.
5)

85
57

(6
7.
1)

28
(3
2.
9)

56
17

(3
0.
4)

39
(6
9.
6)

W
om

en
81

34
(4
2.
0)

47
(5
8.
0)

0.
00

4
47

26
(5
5.
3)

21
(4
4.
7)

0.
01

0
34

8
(2
3.
5)

26
(7
6.
5)

0.
16

7

A
ge

(y
ea
rs
)

53
.0
±
9.
8

51
.2
±
9.
9

55
.1
±
9.
3

0.
01

7
51

.5
±
9.
4

50
.3
±
9.
8

53
.8
±
8.
1

0.
11
2

55
.4
±
10

.0
54

.0
±
9.
8

56
.0
±
10

.1
0.
49

0

P
re
op

-B
M
I
(k
g/
m

2
)

43
.7
±
5.
6

44
.6
±
5.
5

42
.8
±
5.
5

0.
05

1
44

.8
±
5.
5

45
.1
±
5.
6

44
.2
±
5.
5

0.
45

5
42

.1
±
5.
3

42
.9
±
5.
0

41
.8
±
5.
4

0.
47

0

12
m
-B
M
I
(k
g/
m

2
)

29
.3
±
5.
3

28
.8
±
5.
1

29
.8
±
5.
5

0.
24

6
30

.0
±
5.
3

29
.5
±
5.
1

31
.2
±
5.
6

0.
16

9
28

.1
±
5.
0

26
.5
±
4.
3

28
.9
±
5.
2

0.
10

9

P
re
op
–
F
G

(m
g/
dL

)
16

0.
0
±
54

.6
14

8.
9
±
50

.1
17

2.
5
±
57

.1
0.
00

3
14

2.
0
±
33

.9
13

6.
6
±
30

.0
15

3.
0
±
39

.0
0.
03

6
18

7.
9
±
67

.7
19

0.
2
±
77

.2
18

6.
8
±
64

.1
0.
86

8

P
re
op

-H
bA

1c
(%

)
7.
6
±
1.
6

7.
2
±
1.
4

8.
0
±
1.
8

0.
00

3
7.
1
±
1.
3

6.
9
±
1.
2

7.
5
±
1.
4

0.
03

6
8.
3
±
1.
8

8.
3
±
1.
3

8.
4
±
2.
0

0.
81

2

%
W
L

33
.0
±
9.
2

35
.5
±
8.
1

30
.2
±
9.
5

0.
00

1
33

.0
±
8.
7

34
.6
±
8.
3

29
.5
±
8.
8

0.
01

0
33

.0
±
9.
9

38
.2
±
7.
3

30
.7
±
10

.1
0.
00

8

%
E
W
L

70
.1
±
20

.8
73

.6
±
18

.4
66

.3
±
22

.8
0.
03

7
68

.1
±
19

.5
70

.9
±
17

.7
62

.3
±
22

.0
0.
05

5
73

.2
±
22

.5
82

.5
±
18

.8
69

.1
±
23

.2
0.
04

0

D
ur
at
io
n
of

di
ab
et
es

(y
ea
rs
)

7.
4
±
7.
6

4.
7
±
3.
8

10
.3
±
9.
4

<
0.
00

1
4.
7
±
4.
7

3.
8
±
3.
2

6.
4
±
6.
7

0.
03

9
11
.5
±
9.
1

7.
8
±
4.
1

13
.0
±
10

.2
0.
01

0

1522 OBES SURG (2013) 23:1520–1526



of diabetes (10.3±9.4 vs. 4.7±3.8 years, p<0.001), were
older (55.1±9.3 vs. 51.2±9.9, p=0.017), and were more
frequently women (58.9 vs. 33.3 %, p=0.004). Preoperative
FG and HbA1c levels were lower in those who were under
remission status at 1 year follow-up.

Diabetes remission differed according to previous hypo-
glycemic treatment. Based on the 2009 consensus criteria
[8], complete remission was achieved in 57 out of the 85
patients (67.1 %) who were treated with oral agents while
only in 17 out of the 56 (30.4 %) who required insulin
(p<0.001), and according to previous definition [2], remis-
sion was achieved in 73 out of 85 patients (85.9 %) who
were on oral agents vs. in 23 of 56 (41.1 %) who were on
insulin (p<0.001) (Fig. 1). Differences in diabetes duration
were maintained when stratifying according to the type of
preoperative therapy; in both groups, duration of the disease
was longer in the nonremitters (6.4±6.7 vs. 3.8±3.2 in the
oral treatment group, p=0.039, and 13.0±10.2 vs. 7.8±4.1
in the insulin group, p=0.010). Greater prevalence of female
sex among the nonremitters was maintained in the group
with prior oral medication (44.7 vs. 18.4 %, p=0.010), but
no significance was observed in the insulin group (76.5 vs.
59 %, p=0.167). Age was not different when diabetes
remission was stratified according to prior insulin use.

Significant differences in the %WL and %EWL, strati-
fied by remission status, were observed in those patients
who had received insulin prior to BS. In those who had only
been treated with oral agents, however, the significance of
this difference was lost for the %EWL, and only a trend for
the same finding was found.

Preoperative FG and HbA1c levels, stratified by remis-
sion status, were lower in those patients with former oral

therapy (136.6±30.0 mg/dL and 6.9±1.2 % in those with
remission vs. 153.0±39.0 mg/dL and 7.5±1.4 % in the
nonremission category, p=0.036 in both cases); however,
this difference was not observed in those with prior insulin
treatment.

Crude odds ratios (OR) and 95 % confidence intervals
(CI) of preoperative characteristics for prediction of T2D
remission are shown in Table 2. Additionally, Table 3 shows
OR and 95 % CI for preoperative insulin therapy and T2D
remission, adjusted for different models. OR for T2D remis-
sion in patients with prior insulin therapy, in comparison to
those with only oral medications, were set between 0.157
and 0.327, with differences being statistically significant. In
the adjusted models, OR for diabetes duration and T2D
remission maintained statistical significance (OR 0.880,
95 % CI 0.804–0.964, p=0.006) as well as female sex
(OR 0.274, 95 % CI 0.115–0.652, p=0.003) and %EWL
(OR 1.041, 95 % CI 1.017–1.067, p=0.001).

Regarding the three different bariatric procedures
performed, at 1 year follow-up, patients who underwent
BPD had greater %WL and %EWL (p<0.001 in both cases),
and 12-month HbA1c levels were lower (p<0.001). Also,
T2D remission rates were higher in this group (39 out of 72
patients, 54.2%), in comparison to RYGB (28 out of 52
patients, 53.8 %) and SG (seven out of 17 patients,
41.2 %), although we did not find significant differences
in remission rates according to the type of BS performed
(p=0.609).

Discussion

The fact that T2D can be reversed after BS has been fre-
quently reported [21], but due to the lack of a consistent
definition of diabetes remission, rates have varied widely
across studies and may have probably even been overestimated
[2, 22, 23]. Since the consensus criteria proposed by Buse et al.

Fig. 1 Percentage of individuals with remission of T2D, according to
their previous hypoglycemic treatment (Chi-square analysis, p<0.001),
based on previous [2] and 2009 consensus criteria [8]

Table 2 Crude odds ratios (OR) and 95 % confidence intervals (CI) of
preoperative characteristics and %EWL for prediction of T2D remission

Preoperative characteristics OR 95 % CI p

Age 0.958 0.924–0.993 0.020

Female sex 0.362 0.181–0.725 0.004

Previous insulin therapy 0.214 0.103–0.443 <0.001

Duration of diabetes 0.869 0.808–0.935 <0.001

Preop-BMI 1.063 0.999–1.132 0.054

Preop-FG 0.991 0.984–0.998 0.015

Preop-HbA1c 0.714 0.556–0.917 0.008

Type of BS 0.839 0.506–1.393 0.498

%EWL 1.018 1.001–1.035 0.040

OBES SURG (2013) 23:1520–1526 1523



[8], remission rates have been reported to be lower [9, 10, 24,
25], as it was expected by using more stringent cutoff values to
establish the definition. In this retrospective study, we report
overall diabetes remission rates in a closer range to papers that
used these latter criteria, corroborating the importance of uni-
formity in defining diabetes remission.

Another source of disparity in remission rates across
different publications is the heterogeneity of patients' preop-
erative characteristics. Age has been associated to lower re-
mission rates, presumably because of both greater deteriora-
tion of pancreatic reserve and an assumed progression of
disease [16]. The longer preoperative duration of T2D, which
has been used as an estimate of disease severity, proved to
significantly reduce the chances of diabetes remission [26,
27], and this finding has been consistent in subsequent reports
[6, 7, 10, 28], including ours.

On the other hand, the influence of baseline BMI has been
more controversial. BS in patients with a BMI >35 kg/m2

determined a profound weight loss and amelioration of asso-
ciated comorbidities, including diabetes [2, 23]. More recently
published papers, however, indicated that BS can safely and
effectively achieve this endpoint in patients with only mild
obesity (BMI 30–35 kg/m2) [29]. Also, Mingrone et al. [6]
and Schauer et al. [7] reported that preoperative BMI did not
predict control of diabetes after surgery. However, the first
study accepted patients with BMI >35 kg/m2 and reported
remission rates of 75 and 95 % after RYGB and BPD, respec-
tively, while the second one included patients with a BMI
starting at 27 up to 43 kg/m2 and reported lower diabetes
remission rates (42 % after RYGB and 37 % after SG). It is
undeniable that severity of diabetes is influenced by BMI,
making the relationship between BMI and diabetes remission
complex.

In our study, baseline BMI did not appear to influence the
effect of BS on T2D remission, supporting the argument that
indications for this type of surgery could be broadened and
viewed as “primarily metabolic,” rather than merely bariat-
ric [29]. However, a fact that did influence diabetes remis-
sion was %WL and %EWL. This is consistent with major
previous publications, as the association between over-
weight and diabetes prevalence is unquestionable [21].

Our study goes one step further in identifying potential
predictors of diabetes remission after BS by stratifying
patients according to their previous hypoglycemic treat-
ment. Requiring prior insulin therapy may be considered
as a surrogate of preoperative disease severity [27], so it
would play an essential role in determining diabetes remis-
sion, presumably due to deterioration of pancreatic beta-
cells [30]. In our study, in addition to a shorter duration of
diagnosis of diabetes, we identified the absence of insulin
therapy as another independent predictor of remission at
1-year follow-up: 67.1 % of patients with oral medication
exclusively achieved remission 1 year after BS vs. 30.4 % in
those with insulin. Insulin therapy status had the lowest OR
for achieving T2D remission and, furthermore, it remained a
significant predictor after adjustment for age, gender, diabe-
tes duration, and other preoperative characteristics. This
would allow us to infer that the presence of previous insulin
treatment should be taken into account to estimate the pos-
sibilities of T2D remission after BS, regardless of diabetes
duration.

Nevertheless, it is worth noting that only patients with
medication-controlled T2D were included in our study; it is
possible that if there had been more cases with diet-
controlled T2D, a greater beneficial effect of BS may have
been observed.

Few reports have suggested that previous treatment with
insulin determines lower remission rates [27, 31, 32], but, to
our knowledge, only one has clearly stratified outcomes
according to it [10]. We emphasize the need to establish
these differences when comparing remission outcomes be-
cause chronicity is a characteristic feature of diabetes, and
knowledge of the factors related to its severity may be useful
to determine how much improvement can be potentially
expected after a specific bariatric procedure. If a greater
severity (estimated by longer disease duration and insulin
therapy) is associated to less favorable outcomes, the current
role of surgery in the algorithms of management of diabetes
could be argued [4, 33].

In our study, duration of diabetes was a significant pre-
dictor of remission even after stratifying patients according
to their previous pharmacologic treatment and after
adjusting for age and gender, in agreement with previous
publications [10, 28]. However, this stratification uncovered
that age was not different according to remission status,
which could be relevant when setting cutoff values for

Table 3 Adjusted odds ratios (OR) and 95 % confidence intervals (CI)
for previous insulin therapy and T2D remission using different models.
Model 1: adjusted for age, sex, and duration of diabetes; model 2:
adjusted for age, sex, and preoperative BMI; model 3: adjusted for age,
sex, and preoperative FG; model 4: adjusted for age, sex, and preop-
erative HbA1c; model 5: adjusted for age, sex, and %EWL; model 6:
adjusted for age, sex, diabetes duration, and %EWL

Preoperative characteristics OR 95 % CI p

Previous insulin
therapy (model 1)

0.326 0.138–0.768 0.010

Previous insulin
therapy (model 2)

0.239 0.110–0.522 <0.001

Previous insulin
therapy (model 3)

0.296 0.128–0.683 0.004

Previous insulin
therapy (model 4)

0.327 0.143–0.748 0.008

Previous insulin
therapy (model 5)

0.157 0.067–0.370 0.000

Previous insulin
therapy (model 6)

0.275 0.108–0.698 0.007

1524 OBES SURG (2013) 23:1520–1526



eligibility to surgery. %WL and %EWL were found to be
different according to the previous treatment, which corrob-
orates the importance of weight loss to improve any degree
of hyperglycemia [21]. It may be noted that significance
decreased in the group treated with oral medication exclusive-
ly, a fact that could be attributed to the existence of weight-
independent mechanisms involved in diabetes resolution
[11, 34].

Another remarkable feature of our study, which distin-
guishes it from previous ones, is that it evaluated the out-
comes after three different types of BS, from restrictive to
malabsortive procedures. We did not find differences in T2D
remission rates according to the type of BS performed, in a
similar way to previous studies [7, 25], although in contrast
to other published data [9, 12]. However, this should be
interpreted with caution because patients' baseline charac-
teristics differed in relevant aspects such as diabetes dura-
tion, prior insulin therapy, and preoperative FG and HbA1c.
On the other hand, differences observed in %WL and
%EWL across the different BS were consistent with previ-
ous publications [12, 21]. A reason for not obtaining signif-
icant statistical results when comparing the types of surgery
and remission rates may have been the small number of SG
performed. This was probably due to the fact that current
trends have not usually considered SG as a primary “meta-
bolic” procedure, in contrast to RYGB and BPD techniques,
and our study reflects this surgical tendency over the last
years in different bariatric centers around the world.
However, it has sometimes been used as a “first-step” pro-
cedure in patients with severe morbid obesity, and recent
publications have started to regard SG as a valid option of
treatment for obese patients with T2D [35, 36] with prom-
ising results. Overall comparisons should, therefore, be
revaluated when a significant increase in the number of
SG performed is achieved.

The limitations of our study are mainly related to
collecting data from clinical records and using retrospective
analyses. Also, our observations are limited to a 12-month
follow up, which in the majority of cases is when stabiliza-
tion of weight loss occurs. Long-term studies are deemed
necessary to evaluate durable diabetes remission rates de-
fined by consensus criteria and according to prior hypogly-
cemic treatment and type of BS performed. We also suggest
that overall improvement of patients should be evaluated,
and not only remission rates, because a significant reduction
of hypoglycemic treatment is surely achieved. For instance,
in our series, after BS, more than half of the patients who
were not strictly considered in remission of diabetes had an
adequate glycemic control, according to ADA's target rec-
ommendations, with only diet or oral medications, and less
than 10 % required insulin (data not shown).

In conclusion, we remark that what is important is to
stratify patients according to their baseline characteristics

in order to draw realistic conclusions and avoid confounding
interpretations regarding the efficacy of BS for the treatment
of T2D. Although standardized criteria may reveal lower
T2D remission rates after BS than those previously reported
in the literature, we encourage the generalization of their use
to be able to overcome current controversies and make
reliable comparisons. Moreover, patients' baseline preopera-
tive characteristics, especially insulin status, should be taken
into consideration by physicians in order to accurately esti-
mate what to expect regarding diabetes remission after BS.
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