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Abstract
Background This study aims to assess the clinical and phys-
iological effects of Roux-en-Y gastric bypass (RYGBP) on
type 2 diabetes associated with mild obesity (body mass index
[BMI] 30–34.9 kg/m2) over 24 months postsurgery.
Methods In this prospective trial, 36 mildly obese subjects (19
males) with type 2 diabetes using oral antidiabetic drugs with
(n=24) or without insulin (n=12) underwent RYGBP.
Follow-up was conducted at baseline and 3, 6, 12, and
24 months postsurgery. The following endpoints were consid-
ered: changes in HbA1c, fasting glucose and insulin, antidia-
betic therapy, BMI, oral glucose insulin sensitivity [OGIS,
from meal tolerance test (MTT)], beta-cell secretory function
[ΔCP(0–30)/ΔGlu(0–30) (ΔC-peptide/Δglucose ratio, MTT 0–
30 min), disposition index (DI=OGIS ⋅ΔCP(0–30)/ΔGlu(0–
30)], glucagon-like peptide (GLP-1) and glucose-dependent
insulinotropic polypeptide (GIP) [incremental area under the
curve (AUCi)], adiponectin, C-reactive protein, and lipids.
Results All subjects achieved normal-to-overweight BMI af-
ter 3 months. Over 24 months, 31/36 (86 %) subjects

presented HbA1c <7 % [complete and partial remission of
diabetes in 9/36 (22 %) and 1/36 (3 %), respectively]. Since
3 months postsurgery, improvements were observed in OGIS
[290 (174) to 373 (77) ml/min/m2, P=0.009], ΔCP(0–30)/
ΔGlu(0–30) [0.24 (0.19) to 0.52 (0.34) ng/mg, P=0.001], DI
[7.16 (8.53) to 19.8 (15.4) (ng/mg) (ml/min/m2), P=0.001],
GLP-1 AUCi [0.56 (0.64) to 3.97 (3.86) ng/dl⋅10 min⋅103,
P=0.000], and GIP AUCi [30.2 (12.6) to 27.0 (20.2) ng/dl⋅
10 min ⋅103, P=0.004]. At baseline and after 12 months,
subjects with diabetes nonremission had longer diabetes du-
ration, higher HbA1c, lower beta-cell secretory function, and
higher first 30-min GIP AUCi, compared with those with
remission.
Conclusions RYGBP improves the glucose metabolism in
subjects with type 2 diabetes and mild obesity. This effect is
associated with improvement of insulin sensitivity, beta-cell
secretory function, and incretin secretion.

Keywords Type 2 diabetes . Obesity . Bariatric surgery .

Gastric bypass . Insulin resistance . Glucagon-like peptide .

Glucose-dependent insulinotropic polypeptide . Incretins

Bariatric surgery is more effective than medical treatment for
obesity, with consistent weight loss and resolution of obesity-
related comorbidities. It has been well established that bariatric
surgery prevents type 2 diabetes incidence and promotes dura-
ble resolution/remission of diabetes in subjects with moderate
(body mass index [BMI] >35 kg/m2) to severe (BMI >40 kg/
m2) obesity [1]. Since the impact of bariatric surgery on diabe-
tes is somewhat independent of weight loss [2], the surgical
treatment of diabetes has been proposed for patients with mild
obesity (BMI 30–35 kg/m2) or even for overweight patients [3].

The International Diabetes Federation (IDF) [4] considers
bariatric surgery as one option for the treatment of type 2
diabetes in patients with IMC >35 kg/m2 and assumes that
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the surgical approachmay also be appropriate as a nonprimary
alternative to treat inadequately controlled type 2 diabetes in
candidates suitable for surgery with mild obesity (BMI 30–
35 kg/m2), although further trial evidence is required in this
group. Recent systematic reviews [3, 5] on the effect of
bariatric surgery on type 2 diabetes in patients with mild
obesity evidenced an improvement of several metabolic pa-
rameters and found a diabetes remission rate of 66–80 % of
the cases, which is similar to that seen in subjects with higher
degrees of obesity.

The physiopathological mechanisms underlying the effects
of bariatric surgery in type 2 diabetes are not fully understood.
Short-term postoperative improvement in insulin sensitivity
and metabolic syndrome components, especially glucose tol-
erance, is greater than expected for BMI change, presumably
due to caloric restriction [6]. A further improvement in insulin
sensitivity accompanies weight loss [7]. The improvement of
β-cell residual function is seen early after surgery and im-
proves over time, possibly due to the enhanced incretin effect
and a reduction of glucotoxicity [8], and such recovery is
amplified by the progressive increase in insulin sensitivity
[9]. It has been hypothesized that bypassing the proximal
small intestine could reduce the production of some yet un-
known factor(s) from that intestinal segment that have inhib-
itory action on beta-cells [10].

Most of the current knowledge about these physiopatho-
logical mechanisms comes from patients with BMI >35 kg/
m2, and it is conceivable that the role of each of these mech-
anisms may vary depending on the degree of obesity, among
other factors. Previous studies on bariatric surgery in subjects
with type 2 diabetes and mild obesity aimed at its clinical
improvement [2, 11, 12], but few data related to its physiology
in this specific population are available.

The aim of this study is to assess both the clinical and
physiological effects of Roux-en-Y gastric bypass (RYGBP)
on type 2 diabetes in subjects with mild obesity over
24 months postsurgery. We hypothesize that an improvement
in type 2 diabetes in these subjects is associated with improve-
ment in insulin sensitivity, beta-cell secretory function, and
incretin secretion.

Subjects and Methods

Thirty-six subjects (19 males) with type 2 diabetes and grade I
obesity (BMI 30–34.9 kg/m2) participated in a prospective
trial, approved by the Ethics Review Board of the State
University of Campinas, and all of them provided written
informed consent before participation. Among them, 24 sub-
jects were on insulin therapy plus oral antidiabetic drugs
(OAD) and 12 were using only OAD. They underwent
RYGBP between September 2007 and August 2009.

The inclusion criteria were age 18 to 60 years old, type 2
diabetes using insulin or OAD, HbA1c levels >7%, and grade
I obesity. The exclusion criteria were as follows: positive anti-
GAD autoantibodies; undetectable beta-cell function, defined
by C-peptide levels <1 ng/ml; insulin therapy duration
>10 years; hepatic dysfunction (transaminases >2.5 times the
upper limit of normal); renal failure (creatinine >1.4 mg/dl);
history of neoplasia in the last 5 years; systemic corticotherapy
for more than 14 days in the last 3 months; and unwillingness
or inability to give informed consent.

All participants were evaluated before surgery (baseline)
and 3, 6, 12, and 24months postsurgery (100% follow-up rate
for all time points). From baseline through 12 months
postsurgery, the subjects were admitted at 7:00 a.m. after a
12-h overnight fasting for a complete medical history, physi-
cal examination, assessment of anthropometrics, a standard
meal tolerance test (MTT), and other blood tests. The OAD
were withdrawn on the day before and on the day of the test.
For subjects on insulin therapy, it was withdrawn on the day of
the test (none of them used long-acting insulin). Further
clinical follow-up was conducted after 12 months. Data of
24 months postsurgery (basal blood glucose and insulin,
HbA1c, weight, BMI, antidiabetic therapy) were analyzed.

Surgical Procedures

All operations were performed by the same surgical team,
using the same technique. Themain characteristics of the open
RYGBP were a 30-ml gastric pouch, a biliopancreatic limb of
100 cm, an alimentary limb of 150 cm, and a common limb
consisting of the remainder of the small intestine.

Anthropometrics

The anthropometric evaluation included height, weight, BMI
(weight/height2), and waist circumference (above the right
iliac crest).

Meal Tolerance Test

Subjects were submitted to standard MTT based on a mixed
meal containing 515 kcal (41.8 % fat, 40.7 % carbohy-
drate, 17.5 % protein). The meal was eaten within
10 min. Meal start was considered time 0. Blood samples
were drawn at times −60, −30, 0, 15, 30, 45, 60, 90, 120,
150, and 180 min for analysis of glucose, insulin, C-peptide,
glucagon-like peptide-1 (GLP-1), and glucose-dependent
insulinotropic polypeptide (GIP). Blood samples were collect-
ed in tubes with EDTA.K3 and Sigma diprotin Awas added in
the tubes for GLP-1 and GIP. The area under the curve (AUC)
of each parameter was calculated by the trapezoidal method.
The incremental AUC (AUCi) was calculated as total AUC
minus the area under the basal value.
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Blood Analysis

Serum samples were immediately analyzed for glucose (glu-
cose oxidase method), HbA1c (high performance liquid chro-
matography), total cholesterol, LDL-cholesterol, HDL-cho-
lesterol, and triglycerides (routine standard methods). Serum
samples were stored in a freezer at −80 °C for posterior
analysis of insulin (ELISA, Bayer Corp., Tarrytown, NY),
C-peptide (RIA, Linco Research, St. Charles, MO), GLP-1
and GIP (ELISA, Linco Research, St. Charles, MO), and
adiponectin (ELISA, R&D Systems Inc., Minneapolis, MN).

Insulin Sensitivity

Insulin sensitivity (IS) was estimated by the oral glucose insulin
sensitivity (OGIS), the result of a mathematical model based on
the dynamic relationship between glucose and insulin during
the MTT. For this index, higher values represent higher IS [13].

Beta-Cell Insulin Secretory Function

The beta-cell insulin secretory function was estimated by the
index ΔCP(0–30)/ΔGlu(0–30), which was calculated as (CP30–
CP0)/(Glu30–Glu0), in which CP0 and Glu0 represent the
fasting (time 0) values of C-peptide and glucose and CP30
and Glu30 represent the values of C-peptide and glucose at
time 30 min of the MTT. This is a variation of the classic
insulinogenic index, in which values of insulin are used in-
stead of the C-peptide [14]. The early insulin response to the
meal (first 30 min) relates closely to the first-phase insulin
secretion [14]. C-peptide and insulin are secreted in equimolar
concentrations, but insulin is subject to hepatic first pass
extraction, as opposed to C-peptide. Thus, peripheral serum
insulin underestimates insulin secretion, which is more reli-
ably represented by serum C-peptide.

The disposition index (DI), a measure of beta-cell function
relative to the prevailing IS, was defined as the product of
ΔCP(0–30)/ΔGlu(0–30) and OGIS (an IS index).

Definition of Diabetes Remission

Diabetes remission was defined according to the recommen-
dation of the American Diabetes Association [15]. Complete
remission was defined by normoglycemia (HbA1c <6 % and
fasting glucose <100 mg/dl) of at least 1 year duration in the
absence of active pharmacologic therapy. Partial remission
was defined by subdiabetic hyperglycemia (HbA1c 6.0–
6.4 % and fasting glucose 100–125 mg/dl) of at least 1 year
duration in the absence of active pharmacologic therapy.
These criteria were evaluated 24 months postsurgery.

Statistics

SPSS v16.0 (SPSS Inc., Chicago, IL) was used for statistical
analysis. Data are presented as mean and standard deviation
(mean±SD). Comparisons between baseline and postsurgery data
were obtained by Wilcoxon test. Comparisons between sub-
groups (with or without insulin therapy at baseline; diabetes
remission or nonremission)were obtained byMann-Whitney test.
Bivariate correlations among the occurrence of diabetes remission
and other variables were tested by Spearman’s rho test. Binary
logistic regression was performed to find predictors of diabetes
remission. Statistical significance was assumed if P<0.05.

Results

At screening, there were no significant differences between
subjects with or without insulin therapy in relation to age,
gender distribution, time from diabetes diagnosis, BMI,
HbA1c, fasting glucose, insulin, and C-peptide. The results
of the metabolic tests at baseline were not different between
these subgroups, except for beta-cell secretory function (DI),
which was lower in subjects on insulin therapy [4.74 (5.86) vs.
10.79 (10.89) (ng/mg) [ml/min/m2], P=0.025].

There were no differences in any variables between these
subgroups over the postsurgery follow-up and they were
analyzed as a whole group. The subjects’ age was 47.4 (8.4)
years (range 31 to 54 years) and the time from diabetes
diagnosis was 9.7 (4.8) years (range 1 to 17 years) The body
mass and metabolic parameters are presented in Table 1 and
glucose metabolism parameters are presented in Table 2.

Surgical Outcome and Adverse Events

Per hospital protocol, the total length of inpatient staywas 7 days,
including stay in an intensive care unit over 24 h after surgery.
One subject required prolonged stay (total of 40 days) due to
intestinal obstruction, which required exploratory laparotomy
(recovered without sequelae). Within 30 days postsurgery, an-
other subject had abdominal wall infection in the surgical site
(recovered after outpatient antibiotic therapy, without sequelae).

After 30 days postsurgery, the following mild adverse
events, related to bariatric surgery, were observed: mild-to-
moderate iron deficiency anemia in 5/36 subjects (all recov-
ered after iron supplementation and nutritional therapy) and
incisional hernia in 3/36 subjects (none required surgical
repair and there were no complications). Two late, severe
adverse events were observed, both of them unlikely to be
related to the bariatric surgery. One subject had a nonfatal
acute myocardium infarction 18 months postsurgery (recov-
ered after inpatient medical therapy and coronary artery an-
gioplasty). Another subject had diagnosis of esophageal
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adenocarcinoma, 15 months postsurgery (partially recovered
after surgery, radiotherapy, and chemotherapy). No suspected
signs or symptoms of the carcinoma were observed before the
diagnosis.

Anthropometrics

Most of the body mass reduction was observed 3 months
postsurgery, and all subjects achieved a BMI within the nor-
mal or overweight ranges over 24 months postsurgery

(Table 1). Excessive weight loss was not observed. The BMI
ranges after 12 and 24 months postsurgery were, respectively,
20.2 to 28.4 kg/m2 and 20.9 to 29.7 kg/m2. The weight loss 12
and 24 months postsurgery were, respectively, −19.3 (6.7) kg
and −16.9 (6.0) kg.

Lipids, C-reactive Protein, and Adiponectin

Adiponectin levels increased and ultrasensitive C-reactive
protein (usCRP) decreased over 1 year postsurgery (Table 1).

Table 1 Anthropometric characteristics, lipids, ultrasensitive C-reactive protein, and adiponectin in subjects with type 2 diabetes and mild obesity at
baseline and through 24 months postsurgery

Variables Baseline 3 months
postsurgery

Pa 6 months
postsurgery

Pb 12 months
postsurgery

Pc 24 months
postsurgery

Pd

Weight (kg) 87.8 (1.9) 71.9 (1.5) <0.001 69.5 (1.4) 0.001 68.6 (1.4) 0.001 70.8 (8.6) 0.001

BMI (kg/m2) 32.1 (0.3) 26.5 (0.3) <0.001 25.6 (0.3) 0.001 25.1 (0.3) 0.001 25.9 (1.8) 0.001

Waist (cm) 107.0 (1.3) 90.9 (1.1) <0.001 89.4 (1.2) 0.001 89.1 (1.2) 0.001 90.3 (6.6) 0.001

Total-chol (mg/dl) 188 (44) 152 (25) 0.06 156 (27) 0.07 171 (34) 0.108 176.1 (31.6) 0.001

HDL-chol (mg/dl) 39 (11) 39 (9) 0.08 42 (10) 0.07 49 (13) 0.000 48.8 (12.2) 0.000

LDL-chol (mg/dl) 105 (33) 88 (23) 0.06 87 (23) 0.06 99 (30) 0.100 103.3 (24.0) 0.100

Triglycerides (mg/dl) 202.6 (90.6) 124.2 (44.4) 0.003 125.5 (52.0) 0.003 122.0 (54.9) 0.003 111 (49.7) 0.003

usCRP (mg/dl) 0.33 (0.33) 0.14 (0.17) 0.03 0.11 (0.14) 0.001 0.06 (0.06) 0.001 ND

Adiponectin (μg/ml) 3.00 (1.48) 4.43 (3.07) 0.04 4.18 (1.69) 0.04 5.81 (4.10) 0.03 ND

Data presented as mean (SD)

ND not done
a Significance admitted if P<0.05, for comparison of baseline data vs. data of 3 months
b Significance admitted if P<0.05, for comparison of baseline data vs. data of 6 months
c Significance admitted if P<0.05, for comparison of baseline data vs. data of 12 months
d Significance admitted if P<0.05, for comparison of baseline data vs. data of 24 months

Table 2 Glucose metabolism and incretins in subjects with type 2 diabetes and mild obesity at baseline and through 24 months postsurgery

Variables Baseline 3 months
postsurgery

Pa 6 months
postsurgery

P b 12 months
postsurgery

Pc 24 months
postsurgery

Pd

Glucose (mg/dl) 183 (68) 105 (34) <0.001 101 (28) 0.001 111 (50) 0.001 110.4 (30.3) 0.001

HbA1c (%) 9.1 (2.0) 6.3 (1.1) <0.001 6.5 (1.2) 0.001 6.2 (1.3) 0.001 6.54 (1.39) 0.001

Insulin (μIU/ml) 33.4 (51.7) 5.6 (3.2) <0.001 7.4 (5.6) 0.000 5.4 (3.2) 0.000 4.9 (2.9) 0.000

C-peptide (ng/dl) 2.8 (1.2) 1.8 (0.6) <0.001 1.6 (0.4) 0.001 1.3 (0.4) 0.001 ND

OGIS (ml/min/m2) 290 (174) 379 (99) <0.01 398 (81) 0.003 373 (77) 0.009 ND

ΔCP(0–30)/ΔGlu(0–30) (ng/mg) 0.24 (0.19) 0.48 (0.31) <0.001 0.46 (0.33) 0.001 0.52 (0.34) 0.001 ND

DI [(ng/mg) (ml/min/m2)] 7.16 (8.53) 17.8 (12.4) <0.002 18.8 (13.9) 0.001 20.83 (16.34) 0.001 ND

GLP-1 AUCi·103 (ng/dl·10 min) 0.56 (0.64) 3.82 (2.63) <0.001 2.96 (2.78) 0.000 3.97 (3.86) 0.000 ND

GIPAUCi·103 (ng/dl·10 min) 30.2 (12.6) 27.3 (17.1) 0.093 20.1 (9.5) 0.001 27.0 (20.2) 0.004 ND

Data presented as mean (SD)

ND not done
a Significance admitted if P<0.05, for comparison of baseline data vs. data of 3 months
b Significance admitted if P<0.05, for comparison of baseline data vs. data of 6 months
c Significance admitted if P<0.05, for comparison of baseline data vs. data of 12 months
d Significance admitted if P<0.05, for comparison of baseline data vs. data of 24 months
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Total cholesterol levels did not decrease significantly, the
triglycerides levels decreased, and HDL-cholesterol levels
increased over 24 months postsurgery (Table 1).

Glucose Homeostasis and Changes in Antidiabetic Therapy

All patients showed clinically and statistically significant im-
provements in fasting plasma glucose and HbA1c (Table 2).
The reduction in HbA1c 12 and 24 months postsurgery were,
respectively, −3.0 (1.6) % and −2.9 (1.8) %. HbA1c <7%was
observed 12 and 24months postsurgery, respectively, in 31/36
(86 %) and 26/36 (72 %) subjects.

From 24 subjects on insulin therapy at baseline, one still
required OAD and insulin therapy, and 15 required OAD (13
on monotherapy) 12 and 24 months postsurgery. From 12
subjects without insulin therapy at baseline, six still required
OAD (two of them on monotherapy) 12 and 24 months
postsurgery.

A profile of diabetes remission was achieved in 10/36
subjects (25 %) 12 months postsurgery and was sustained up
to 24 months postsurgery (to meet criteria of at least 1 year
duration for remission). Complete diabetes remission was
achieved in 9/36 subjects (22 %), six of them from the sub-
group without insulin therapy at baseline. Partial diabetes
remission was achieved by one subject (3 %), who was from
the insulin therapy subgroup.

Insulin Sensitivity and Secretion

Improvements of IS, as measured by OGIS, and of beta-cell
insulin secretory function, as measured byΔCP(0–30)/ΔGlu(0–
30) and DI, were observed since 3 months postsurgery (Table 2
and Fig. 2).

Incretin Secretion

GLP-1 secretion, as measured by its incremental AUC during
the MTT, improved since 3 months postsurgery. The incre-
mental AUC of GIP decreased postsurgery (Table 1 and
Fig. 1).

Comparisons Between Diabetes Remission and Nonremission

We identified differences in some variables between the sub-
jects that achieved diabetes remission (n=10, including one
with partial remission) or did not achieve it (n=26)
(nonremission) (Table 3). At baseline, subjects with
nonremission had longer time from diabetes diagnosis, higher
levels of HbA1c, lower beta-cell secretory function (ΔCP(0–
30)/ΔGlu(0–30) and DI), and higher incremental AUC of GIP in
the first 30 min of the MTT (AUCi(30 min)-GIP). There was no
difference in the total AUC of GIP. Twelve and 24 months
postsurgery, as expected, HbA1c was higher in subjects with

nonremission. Despite of an increase in the beta-cell secretory
function in both of these subgroups, the postsurgery values of
ΔCP(0–30)/ΔGlu(0–30) and DI in subjects with nonremission
were lower and similar to the baseline values of subjects with
remission. Twelve months postsurgery, the AUCi(30 min)-GIP
increased in both subgroups and was still higher in subjects
with nonremission, although the percent increase was similar
between subgroups.

Diabetes remission was correlated with the baseline
(preoperative) values of the following variables: negatively
with HbA1c (−0.37, P=0.028), time from diabetes diagnosis
(−0.45, P=0.006), and AUCi(30 min)-GIP (−0.43, P=0.024);
and positively with ΔCP(0–30)/ΔGlu(0–30) (0.53, P=0.011)
and DI (0.51, P=0.021). Diabetes remission was correlated
with the 12-month postsurgery values of the following vari-
ables: negatively with AUCi(30 min)-GIP (−0.38, P=0.051,
partial correlation) and positively with ΔCP(0–30)/ΔGlu(0–30)
(0.43, P=0.039) and DI (0.47, P=0.029). It did not correlate
with the postsurgery changes in any of these variables. Dia-
betes remission did not correlate to other variables, including
baseline BMI, weight loss, number or type of the preoperative
antidiabetic drugs (including insulin use), IS (OGIS), and
other metabolic characteristics (Fig. 2).

A binary logistic regression was performed to predict dia-
betes remission using baseline (preoperative) characteristics
that correlated with it as predictors: HbA1c, time from diabe-
tes diagnosis, AUCi(30 min)-GIP, and eitherΔCP(0–30)/ΔGlu(0–
30) or DI. Other possible variables that did not correlate with
remission (cited above) also entered the model. Entered as
single variables, baseline HbA1c and time from diabetes
diagnosis were predictors of diabetes remission, respectively,
with odds ratio (OR) 0.44 [95 % confidence interval (CI)
0.22–0.88], P=0.019, and OR 0.71 (95 % CI 0.55–0.91),
P=0.006. When both variables were entered together in the
model, only time from diabetes diagnosis contributed to the
prediction. Baseline ΔCP(0–30)/ΔGlu(0–30) was excluded due
to a large standard error when entered either alone (42,950) or
with the other variables (58,585) and did not contribute to the
prediction model. The other variables did not contribute to the
prediction too.

Another binary logistic regression was performed to predict
diabetes remission replacing the baseline values by 12-month
postsurgery values of the modifiable characteristics (except for
HbA1c). No further variables contributed to the prediction.

Discussion

Subjects with type 2 diabetes and mild obesity submitted to
RYGBP had improvements in body mass, IS, beta-cell insulin
secretory function, incretin secretion, and other metabolic
parameters 3 months postsurgery, sustained over 12 months.
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Over 24 months, all of them sustained improvements in body
mass and glycemic control. Most of them reached the goal of
HbA1c <7 %, even though a minority had criteria for diabetes
remission.

All the patients in our study experienced a clinical im-
provement. However, diabetes remission was not achieved
by most of them. There are some possible explanations for
this. Most of our patients were on insulin therapy at baseline or
had long-standing diabetes (31/36 subjects had diabetes dura-
tion >5 years). According to previous studies, these two

factors are associated with a lower rate of diabetes remission
after bariatric surgery [16], and both presume a lower beta-cell
secretory function.

Although this study was not powered for determination of
factors that influence or predict diabetes remission, some in-
sight was obtained by comparing the subjects who achieved
remission or those who did not. Among “nonremitters,” a
longer time from diabetes diagnosis may relate to the progres-
sive loss of beta-cell function over time [16, 17], and the poorer
glycemic control (higher HbA1c) prior to surgery may relate to

Fig. 1 Curves of a glucose, b insulin, c C-peptide, d GLP-1, and e GIP
during a meal tolerance test in subjects with type 2 diabetes and mild
obesity, performed at baseline and 3, 6, and 12 months after Roux-en-Y

gastric bypass (mean values). The corresponding incremental areas under
the curve (AUCi) are presented in bars (mean values)

Table 3 Baseline and postsurgery (12-month) variables that differed between subjects who had diabetes remission or nonremission, 24 months after
Roux-en-Y gastric bypass

Baseline Pa 12 months postsurgery Pb

Diabetes remissionc

(n=10)
Diabetes nonremission
(n=26)

Diabetes remission
(n=10)

Diabetes nonremission
(n=26)

Time from diabetes diagnosis (years) 5.6 (4.1) 11.3 (4.1) 0.001

HbA1c (%) 7.8 (1.4) 9.6 (1.9) 0.013 5.2 (0.6) 6.6 (1.3) 0.002

GIPAUCi(30 min)·10 4.06 (4.26) 6.75 (4.64) 0.045 5.61 (5.10) 12.72 (11.84) 0.047

ΔCP(0–30)/ΔGlu(0–30) 0.042 (0.022) 0.015 (0.005) 0.002 0.082 (0.47) 0.042 (0.021) 0.044

DI 12.63 (11.63) 4.21 (4.55) 0.008 36.74 (21.85) 14.87 (8.70) 0.033

Data presented as mean (SD)
a Significance admitted if P<0.05, for comparison between subgroups at baseline
b Significance admitted if P<0.05, for comparison between subgroups at 12 months postsurgery
c Diabetes remission 24 months postsurgery, including nine subjects with complete remission [defined by normoglycemia (HbA1c <6 % and fasting
glucose <100 mg/dl) of at least 1 year duration in the absence of active pharmacologic therapy] and one with partial remission [defined by subdiabetic
hyperglycemia (HbA1c 6.0–6.4 % and fasting glucose 100–125 mg/dl) of at least 1 year duration in the absence of active pharmacologic therapy]
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Fig. 2 Distribution of a insulin
sensitivity (OGIS) and beta-cell
insulin secretory function,
represented by b ΔCP(0–30)/
ΔGlu(0–30) and c disposition
index, in subjects with type 2
diabetes and mild obesity, at
baseline and 3, 6, and 12 months
after Roux-en-Y gastric bypass
(*P<0.005 vs. baseline)
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a lower beta-cell function too (either as a consequence of
glucotoxicity or as a factor that limits the response to medical
treatment) [18]. Indeed, the indexes of beta-cell insulin secre-
tory function were lower in nonremitters at baseline and
postsurgery. Both remitters and nonremitters had an increase
in beta-cell insulin secretory function postsurgery, but
nonremitters still had it at a level not higher than the baseline
values of the remitters. Lower HbA1c and shorter time from
diabetes diagnosis predicted diabetes remission in the binary
logistic regression analysis of this study, but the beta-cell in-
dexes did not. It is possible that these or additional beta-cell
indexes might perform better in a larger sample.

The GLP-1 secretion did increase postsurgery but it does
not seem to be a determinant factor for diabetes remission, as
GLP-1 curve (at baseline or postsurgery) was similar in remit-
ters and nonremitters, as described in previous studies [16].
Although the RYGBP-promoted boost in the incretin secre-
tion is likely to contribute to beta-cell recovery [8, 19], the
“incretin effect” depends on the capacity of beta-cells to
respond to such stimuli.

The GIP secretion decreased in the whole MTT, with a
change in its curve shape, so that its early-phase (first 30 min)
secretion actually increased. This change resembles what hap-
pens to the MTT insulin curve. We hypothesize that its mean-
ing for GIP is the same as for insulin: an increase in the early-
phase secretion, meaning recovery of the secretory function,
and a decrease in the late-phase secretion, meaning a recovery
of sensitivity to the hormone action. According to this hypoth-
esis and to some previous studies [20, 21], GIP resistance
improved in our subjects. However, a higher GIP early-phase
secretion characterized nonremitters, compared to remitters, at
baseline, and despite of a postsurgery increase in both sub-
groups, it was even higher in nonremitters. It is possible to be
either a primary defect in the latter subjects or maybe second-
ary to poorer glycemic control. Whether it contributed to
diabetes nonremission is not clear.

The initial excitement on surgically induced “diabetes
cure” in the scientific community is evolving to a more
moderate speech about how bariatric surgery can improve
glycemic control and diabetes comorbidities. High rates of
diabetes remission described in the literature are possibly
overestimated due to the inclusion of patients with relatively
better glycemic control or more recent diagnosis of diabetes.

RYGBP improves the glucose metabolism in patients with
type 2 diabetes and mild obesity. This effect is associated with
improvement of insulin sensitivity, beta-cell secretory func-
tion, and incretin secretion. The identification of predictive
factors for surgically induced remission of diabetes is chal-
lenging. However, in real life, a great proportion of patients
submitted to bariatric surgery are not likely to achieve remis-
sion, even though most of them will achieve the diabetes
treatment goals that eventually would not be reachable
through the current medical therapy.
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