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Abstract
Background Laparoscopic sleeve gastrectomy (LSG) and lapa-
roscopic Roux-en-Y gastric bypass (LRYGB) achieve similar
type 2 diabetes mellitus (T2DM) remission rates. Since a great
variability exists in defining T2DM remission, an expert panel
proposed partial and complete remission criteria that include the
maintenance of fasting plasma glucose (FPG) and glycosylated
hemoglobin (A1c) objectives for at least 1 year. The 2-year
T2DM remission rate and time needed to reach it after LSG or
LRYGB were compared using different remission criteria.
Methods This was a prospective cohort study of 55 T2DM
subjects operated on with LSG (n=21) or LRYGB (n=34).
Four models for defining remission were used: Buchwald
criteria (FPG <100 mg/dl or A1c <6 %), American Diabetes
Association (ADA) complete (FPG <100 mg/dl plus A1c
<6 % maintained for at least 1 year), ADA partial (FPG
<125 mg/dl with A1c <6.5 % maintained for at least 1 year),
and ADA complete without time requirement.
Results Both groups were comparable, except for higher A1c
levels in the LSG group. The remission rate ranged from

43.6 % using ADA complete remission to 92.7 % with
Buchwald criteria, with no differences between surgical
procedures. Differences were found in the time to
achieve remission only when ADA complete remission
criteria (5.1±2.9 months LRYGB and 9.0±3.8 months
LSG, p=0.014) and ADA without time requirement
criteria (4.9±2.7 months LRYGB and 8.4±3.9 months
LSG, p=0.005) were used.
Conclusions T2DM remission rate varies widely depending
on the criteria used for its definition. Remission occurred
sooner after LRYGB when the strictest criteria to define
remission were used.
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Introduction

The worldwide prevalence of type 2 diabetes mellitus
(T2DM) continues to rise in parallel with growing obesity
rates [1]. In this regard, more than 60 % of T2DM patients are
obese, and this combination now constitutes a public health
problem [2]. Recent large-scale trials evaluating medical ther-
apy for obesity and diabetes have yielded disappointing re-
sults, and they suggest that substantial resources are required
to achieve modest weight loss and diabetes control [3, 4], with
a neutral effect on cardiovascular outcomes [5]. Bariatric
surgery is recommended for adults with a body mass index
(BMI) above 35 Kg/m2 and T2DM, mainly when the latter or
associated comorbidities are difficult to control with lifestyle
and pharmacologic therapy [6]. The most commonly per-
formed laparoscopic bariatric procedures are laparoscopic
Roux-en-Y gastric bypass (LRYGB) and laparoscopic sleeve
gastrectomy (LSG) [7]. LRYGB, a hybrid technique, achieves
a greater improvement in glucose metabolism than purely
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restrictive techniques [8]. On the other hand, among restrictive
techniques, LSG has yielded the best results in terms of
T2DM remission, similar to those of LRYGB [9].

Great heterogeneity exists in defining remission criteria for
T2DM. In this respect, some authors only consider diabetes
medication withdrawal while others suggest different cutoffs
for fasting plasma glucose (FPG) and glycosylated hemoglo-
bin (A1c) or a combination of both. Since the publication of a
meta-analysis on bariatric surgery and diabetes remission by
Buchwald et al. in 2004, the remission criteria used by the
authors (FPG <100 mg/dl or A1c <6 %) have been widely
accepted [8]. However, in 2009, an expert panel of endocri-
nologists of the American Diabetes Association (ADA) pro-
posed new criteria for partial, complete, and prolonged remis-
sion. Complete T2DM remission was defined as glycemia
below diabetic range in the absence of pharmacologic therapy
for at least 1 year [10]. These ADA criteria are stricter than
those previously described, and few authors have considered
them when defining diabetes remission, and they have not
fully evaluated the time criterion [11–13].

The aim of the present study was to compare T2DM
remission rates 2 years after LSG and LRYGB using the
new ADA criteria [10] and those proposed in previous studies
[8, 14]. The time needed to reach therapeutic goals of A1c,
FPG, and medication withdrawal for each laparoscopic bar-
iatric procedure was also assessed.

Material and Methods

This was an observational study on a prospective cohort of
severely obese patients undergoing bariatric surgery at the
Hospital del Mar, Barcelona. Patients were between 18 and
55 years of age and met the 1991 bariatric surgery criteria of
the National Institutes of Health [15]. Indication for the type of
surgical procedure (LSG or LRYGB) was based on clinical
criteria and the consensus of the Bariatric Surgery Unit. In-
clusion criteria were patients with T2DM and at least 2 years
of follow-up. In accordance with the study protocol approved
by the hospital Ethics Committee, all patients were evaluated
preoperatively; at 3, 6, 12, and 18 months post-surgery; and
annually from years 2 to 4. Diabetes therapy was supervised
by the endocrinologist of the Bariatric Surgery Unit during the
preoperative, in-hospital, and follow-up periods. Protocol
visits included measurements of weight, waist circumference,
blood pressure, and laboratory parameters including glucose
and A1c levels. All patients signed their informed consent for
the procedure.

Two hundred and sixty-three patients underwent surgery
between January 2006 and May 2011. Of these, 56 patients
had T2DM, and one was lost to follow-up; therefore, the
final analysis included 55 patients, 34 underwent LRYGB
and 21 LSG.

Anthropometric and Biochemical Measurements

Glucose was determined by the oxidase method. A1c was
quantified by chromatography (Biosystems, Barcelona,
Spain). BMI was calculated as weight in kilograms divid-
ed by the square of height in meters. The percentage of
excess weight loss (% EWL) was calculated based on the
excess weight above the ideal weight (weight correspond-
ing to BMI of 25 Kg/m2). T2DM diagnosis was defined
as two fasting plasma glucose concentrations above
125 mg/dl or A1c ≥6.5 % or treatment with oral hypo-
glycemic agents or insulin [16]. Hypertension was defined
as systolic blood pressure >140 mmHg and/or diastolic
blood pressure >90 mmHg or current treatment with anti-
hypertensive agents [17]. Dyslipidemia was considered
when total cholesterol was >240 mg/dl or low-density
lipoprotein (LDL) cholesterol >160 mg/dl or use of
lipid-lowering medication. The T2DM remission rate
was evaluated using four different criteria: the criteria
reported in the meta-analysis of Buchwald et al. [8]
(Buchwald criteria), those for complete and partial remis-
sion defined by the expert panel (ADA complete and
ADA partial criteria) [10], and an approach that uses the
same cutoffs for complete remission of the ADA without
applying the time criterion (ADA complete without time
criteria). The cutoff levels of A1c and FPG for each
criterion are shown in Table 1. The time elapsed from
surgery until patients met the A1c and FPG targets for
remission according to each definition was assessed.

Surgical Techniques

The LRYGB technique involved a 150-cm antecolic Roux
limb with a 25-mm circular pouch-jejunostomy and exclusion
of 50 cm of the proximal jejunum. In LSG, the longitudinal
resection of the stomach from the angle of His to approxi-
mately 5-cm proximal to the pylorus was performed using a
35 French bougie inserted along the lesser curvature. All
operations were performed by the same team of surgeons.

Statistical Analysis

Data are expressed as mean±standard deviation for con-
tinuous variables and as percentages and frequencies for
categorical variables. Student’s t test was performed to
assess differences between two means. Either chi-square
test or Fisher’s exact test was used to test the degree of
association of categorical variables. A p value <0.05 was
considered statistically significant. Statistical analysis
was made with SPSS (version 14.0 for Windows; SPSS,
Chicago, IL).
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Results

All 55 diabetic patients were Caucasian, with a mean age of
49.0±4.9 years and a baseline BMI of 45.4±4.9 Kg/m2; 80 %
were women. Baseline characteristics of LRYGB and LSG
patients are listed in Table 2. Both groups were comparable,
except for higher A1c levels in the LSG group.

Progressive weight loss was observed during the 2-year
follow-up, reaching a maximum % EWL at 18 months for
LRYGB (78.7±18.3 %) and at 12 months for LSG (78.1±
16.9 %). No differences in % EWL between groups were
found during follow-up (Fig. 1). Mean A1c and FPG levels
decreased rapidly after 3 months, remaining within normal
values during the 2-year-follow-up (Figs. 2 and 3) with no
differences between groups.

As shown in Table 1, remission rates using ADA com-
plete remission criteria were the lowest and those observed
using the Buchwald criteria were the highest. No differ-
ences between bariatric surgery procedures were observed
in terms of remission rates, regardless of the remission
criteria used (Fig. 4).

The time elapsed from surgery until achievement of the
metabolic goals for each remission criterion is presented in
Table 3. No differences between groups were found using the
Buchwald and ADA partial remission criteria. Using ADA
complete remission with or without time criteria, remission
was achieved earlier in the LRYGB than in the LSG group.

Discussion

Two-year remission rates varied widely depending on the
criteria used for its definition, from 43.6 % with the ADA
complete remission criteria to 92.7 % using the Buchwald
criteria. In this observational study, no differences were found

between LSG and LRYGB in terms of T2DM remission
during the 2-year follow-up, regardless of the remission
criteria applied. However, remission was achieved earlier with
LRYGB using ADA complete remission criteria.

As described previously, a slight variation in definition can
yield significant differences in remission rates, although the
differences reported in previous studies were less prominent
than those found in the present study. On one hand, Pournaras
et al. [12], in a cohort of 209 patients undergoing LRYGB
with a minimum 1-year follow-up, reported a 17-% difference
when comparing ADA complete remission with Buchwald
criteria (40.6 and 57.5 %, respectively). On the other hand,
Blackstone et al. [11] reported a T2DM remission rate at
14 months after LRYGB ranging from 43.2 % with combined

Table 1 Applied type 2 diabetes mellitus remission criteria and remission rates in 55 severely obese patients with type 2 diabetes mellitus undergoing
LRYGB or LSG with a minimum follow-up of 2 years

Remission criteria Definition Remission rate

Buchwald criteria (13) A1c <6 % or FPG <100 mg/dl 92.7 % (52/55)
No hypoglycemic medication

ADA partial (10) A1c <6.5 %+FPG <125 mg/dl 83.6 % (46/55)
No hypoglycemic medication

Both maintained for 1 year

ADA complete without time A1c <6 %+FPG <100 mg/dl 58.1 % (32/55)
No hypoglycemic medication

ADA complete (10) A1c <6 %+FPG <100 mg/dl 43.6 % (24/55)
No hypoglycemic medication

Both maintained for 1 year

Note that ADA criteria require both parameters (A1c+FPG) to be maintained for 1 year, but Buchwald criteria require only one of these two parameters
without a maintained time requirement. All criteria need diabetes medication withdrawal. Remission rate is calculated for the complete cohort

ADA American Diabetes Association, A1c glycosylated hemoglobin, FPG fasting plasma glucose

Table 2 Baseline characteristics of 55 severely obese patients with type 2
diabetes mellitus undergoing LRYGB or LSGwith a minimum follow-up
of 2 years

LRYGB (n=34) LSG (n=21) p value

Female (%) 82.3 76.1 0.579

Age (years) 49.0±6.0 50.6±7.2 0.393

BMI (Kg/m2) 45.5±4.3 45.2±5.8 0.831

Diabetes duration (years) 1.13±2.3 1.5±2.5 0.625

A1c (%) 6.5±0.7 7.2±1.2 0.011

FPG (mg/dl) 145.5±31.8 165.8±54.0 0.085

Diabetes medication

Diet alone (%) 52.9 33.3 0.390
Oral agents (%) 44.1 66.6

Insulin+oral agents (%) 2.9 0

Dyslipidemia (%) 44.1 42.8 0.576

Hypertension (%) 70.5 61.9 0.505

LRYGB laparoscopic Roux-en-Y gastric bypass, LSG laparoscopic sleeve
gastrectomy, BMI body mass index, A1c glycosylated hemoglobin, FPG
fasting plasma glucose
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criteria of A1c <5.7 % plus FPG <100 mg/dl in the absence of
hypoglycemic medication to 59.4 % with criteria that only
included FPG <100 mg/dl in the absence of hypoglycemic
medication.

The present study is the first to highlight the impact of the
new ADA complete remission criteria including the time
requirement. Its application resulted in a 20-% difference
(from 58.1 to 43.6 %) in the T2DM remission rate observed.
To achieve ADA complete remission at 2 years, it is manda-
tory that metabolic control goals be present for at least
12 months. Some studies used the cutoffs for A1C and FPG
proposed by the ADA, but they did not include the time
criterion, while others did not use it strictly [3, 11–13, 18].

First, Pournaras et al. [12] and Ramos-Levi et al. [18] reported
a 1-year follow-up, and thus, the time criterion could not be
assessed unless patients were off medication before surgery.
Mingrone et al. [3] conducted a 2-year-follow-up study, but
the only criterion for remission was withdrawal of hypogly-
cemic medication for at least 1 year.

There is a growing appreciation for the role of bariatric
surgery as a tool in diabetes management. If we are to be able
to develop evidence to support recommendations for this
procedure in diabetes, we must be able to compare results
across studies. In this respect, the findings of the present study
highlight the need to define uniform criteria of remission. In
our opinion, the ADA criteria offer several advantages over

Fig. 1 Changes in percentage of
excess weight loss during follow-
up after the bariatric surgical
procedure. LRYGB laparoscopic
Roux-en-Y gastric bypass, LSG
laparoscopic sleeve gastrectomy

Fig. 2 Changes in glycosylated
hemoglobin during follow-up
after the bariatric surgical
procedure. LRYGB laparoscopic
Roux-en-Y gastric bypass, LSG
laparoscopic sleeve gastrectomy
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the other definitions. First, the inclusion of a time factor may
be critical since T2DM is a chronic disease in which duration
is closely related to the onset of complications [19–21]. Sec-
ond, to define complete and partial remission, it uses the same
A1C and FPG cutoff values that are associated with the risk of
developing microvascular complications and diabetes
[19–23]. Nevertheless, the 5.7-% A1c cutoff value proposed
by other authors to define complete remission [11] might be
more accurate since previous studies demonstrate a higher risk
of T2DM [24] above this value.

It should be remarked that all diabetes remission definitions
are focussed on glucose levels, although there is an increasing
body of evidence that hyperglycemia is not the only problem
and that other factors might be implicated in the development
of chronic complications. In this respect, a recent study
showed that the isolated mild hyperglycemia seen in

maturity-onset diabetes of the young (MODY) type 2 patients,
in the absence of other comorbidities, was associated with a
low prevalence of chronic complications, suggesting that oth-
er factors, besides hyperglycemia, may be implicated in the
micro- and macrovascular damage [25].

Besides differences in definition, other factors could also
contribute to the different remission rates reported by previous
studies. Predictors of T2DM remission after bariatric surgery
are known to be those associated with the degree of beta cell
dysfunction such as diabetes duration or need for insulin
treatment [26–28]. Patients in the present study probably had
less severe diabetes than those of the Pournaras study since
very few required insulin treatment (2.9 vs 31.9 %), and they
had better metabolic control (A1c 6.5±0.7 vs 8.1±1.9 %).
These differences in diabetes severity may account for the
significant differences in remission rates found in these two

Fig. 3 Changes in fasting plasma
glucose during follow-up after the
bariatric surgical procedure.
LRYGB laparoscopic Roux-en-Y
gastric bypass, LSG laparoscopic
sleeve gastrectomy

Fig. 4 Two-year type 2 diabetes
mellitus remission rates after
LRYGB and LSG with each
criterion. LRYGB laparoscopic
Roux-en-Y gastric bypass, LSG
laparoscopic sleeve gastrectomy
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studies even when the same criteria were applied (91.2 vs
57.5 % with Buchwald criteria).

As seen from the main studies in bariatric surgery such as
the Buchwald meta-analysis [8], the T2DM remission rate
currently accepted is around 70 % and thus above the
43.6 % obtained in the present study with the ADA complete
remission criteria. Furthermore, it should be taken into ac-
count that patients in the present report had shorter disease
evolution and better metabolic control compared with
most studies. Thus, with the widespread use of this crite-
rion, the accepted remission rate of T2DM will presum-
ably be below 40 %.

Another interesting finding in the present study is that
patients undergoing LRYGB achieved diabetes remission ear-
lier after surgery than patients in the LSG group when ADA
complete remission criteria was used. These results differ from
those described in previous literature where no differences
between surgical techniques were detected [9, 29–33]. Al-
though it should be noted that these studies used A1C and
FPG cutoff levels similar to ADA partial remission or
Buchwald criteria, with which we also found no differences.

From a physiopathological point of view, surgical tech-
niques with a malabsorptive component like LRYGB produce
a greater T2DM remission than that obtained after restrictive
techniques, such as vertical banded gastroplasty [8, 9]. Fur-
thermore, glucose metabolism improvement occurs soon after
the procedure, when significant weight loss has not yet been
achieved [29–32]. These findings could be explained by
changes in gut hormonal mechanisms, such as increased se-
cretion of incretins that enhance insulin sensitivity [33–35].
On the other hand, in the case of LSG, different hormonal
mechanisms have been proposed that could account for the
marked improvement in glucose metabolism associated with
this technique, similar to that achieved with malabsorptive
techniques. LSG includes gastric fundus resection, unlike
other restrictive techniques, which causes a decrease in ghrelin
concentration, a hormone that produces insulin resistance
[33–36]. These different hormonal mechanisms could account
for the differences detected between surgical techniques, al-
though further research in this field is needed.

The present study was not without limitations. First, pa-
tients were not randomly assigned to the surgical procedure.
Second, patients were only followed for 2 years. A longer-
term follow-up would allow evaluation of prolonged remis-
sion. And finally, patients included in the present study had a
short duration of diabetes as reflected in the small number
requiring insulin treatment and the fair metabolic control;
therefore, the results found cannot be extrapolated to the
whole diabetic population.

Conclusions

Use of various definitions can yield significant differences in
T2DM remission rates after bariatric surgery. If we are to be
able to develop evidence to support recommendations for this
procedure in diabetes, we must be able to compare results
across studies, and use of universal criteria is mandatory. No
differences were observed between LRYGB and LSG in the
T2DM remission rate with different criteria, although, using
ADA complete remission criteria, remission was obtained
earlier after LRYGB.

Conflict of Interest The authors have no conflict of interest to declare.
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