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Abstract
Background This study aims to compare the post-prandial
curves of glucose, insulin, GLP-1, and GLP-2 among individ-
uals with Crohn’s disease (CD), obese individuals before and
after bariatric surgery, and healthy controls.
Methods This an exploratory cross-sectional study that in-
volved five groups of patients (two groups of individuals with
CD—active and inactive), bariatric patients (pre- and post-
surgery, who were their own controls), and a distinct separated
control group of healthy volunteers. C-reactive protein (CRP)
levels and the post-prandial curves of glucose, insulin, GLP-1,
and GLP-2 curves were assessed and compared.
Results The pre-RYGB group presented significantly higher
levels of CRP than the post-RYGB (p = 0.001) and the control
group (p = 0.001). The inactive CD group presented a higher
post-prandial GLP-1 area under the curve (AUC) than the pre-
RYGB group (p = 0.009). The post-RYGB group presented
significantly higher AUCs of GLP-2 than the pre-RYGB

group (p < 0.0001), both inactive and active CD groups
(p < 0.0001 in both situations), and the control group
(p = 0.002). The pre-RYGB group presented a significantly
higher AUC of glucose than the post-RYGB (p = 0.02) and
both active and inactive CD groups (p = 0.019 and p = 0.046,
respectively). The pre-RYGB group presented a significantly
higher AUC of insulin than the control (p = 0.005) and both
CD groups (p < 0.0001).
Conclusions Obesity is associated with an inflammatory state
comparable to the one observed in CD; inflammation may
also be enrolled in the blockade of GLP-2. CD individuals
present a more incretin-driven pattern of glucose metabolism,
as a way to prevent hypoglycemia and compensate the carbo-
hydrate malabsorption and GLP-2 blockade.

Keywords Obesity . Bariatric surgery . Crohn’s disease .

Glucagon-like peptide 1 . Glucagon-like peptide 2

Introduction

Obesity has reached epidemic proportions worldwide over the
last decades. According to the World Health Organization,
there were 600 million adult obese individuals in 2014 [1].
Although not nearly as frequent, the prevalence of inflamma-
tory bowel diseases (IBDs) also presented a significant rise
over the same period. A systematic review enrolling 260
population-based studies observed an estimated annual inci-
dence of IBD that ranged from 10 to 30 cases per 100,000
persons in the Western world. Moreover, approximately 0.5%
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of adults in the West suffer from IBD [2]. A potentially un-
derstated factor might be obesity, which has been associated
with an increase in the risk of several autoimmune diseases
such as rheumatoid arthritis, psoriasis, and psoriatic arthritis.
Contrary to conventional belief, 15–40% of the individuals
with IBD also present obesity, and it is uncertain whether it
might contribute to the development and evolution of IBD [3].

The interplay between obesity and IBD is complex and
poorly understood. Several factors have been enrolled in the
potentially common pathophysiological pathways which
might link both conditions. The disproportionate accumula-
tion of visceral fat and impaired release of adipokines, such as
adiponectin, disturbances in the gut microbiome, and chronic
inflammation, have been enrolled as possible interconnecting
links [4]. Furthermore, a connection between bariatric surgery
and IBD has been reported over recent years. Several case
reports and case series have reported the emergence of de
novo IBD after bariatric surgery, with the onset of symptoms
ranging from 2 months to 10 years after the procedure [5–8].
Shoar et al., in a systematic review, observed that among
obese individuals with IBD, there is a trend towards remission
and improvement of IBD (52.4%); however, there is also a
significant proportion of individuals (16.7%) who present ex-
acerbation of disease after surgery [9].

Glucose metabolism disturbances have also been reported
to some extent in both diseases, as well as the release of gut
hormones enrolled in the glucose homeostasis and gut physi-
ology, such as the glucagon-like peptides 1 and 2 (GLP-1 and
GLP-2) [10–12]. GLP-1 and GLP-2 are secreted in the L cells
of the ileum and colon in response to the passage of nutrients;
GLP-1 is an incretin that predominantly stimulates beta cell
production and release of insulin, whereas GLP-2 plays tro-
phic effects on the gut mucosa, such as stimulating nutrient
absorption and maintenance of intestinal permeability, among
other functions [13–15]. Several modalities of bariatric sur-
gery, mainly the ones that encompass some degree of intesti-
nal bypasses, such as the Roux-en-Y gastric bypass (RYGB)
and biliopancreatic diversions, lead to critical increases in the
secretion of both hormones [15–20]. These changes are likely
to be related to the passage of greater amounts of nutrients by
the ileum, as well as the exclusion of the duodenum from the
food transit [21–23]. There are reports of significant impair-
ment of both GLP-1 and GLP-2 secretion in individuals with
CD [24, 25]. Since the levels of these gut-derived hormones
are significantly influenced by both the surgical procedures
and IBD, it is likely to hypothesize that these changes could
be enrolled in the pathophysiological process of post-bariatric
de novo CD to some extent.

This study aimed to compare the post-prandial curves of
glucose, insulin, GLP-1, and GLP-2 among different popula-
tions comprised of individuals with Crohn’s disease, individ-
uals with obesity before and after bariatric surgery, and
healthy controls.

Methods

Patient Population

This is an exploratory cross-sectional study performed in pa-
tients with a previously confirmed diagnosis of CD, morbidly
obese individuals who underwent bariatric surgery (RYGB)
evaluated before and after surgery, and healthy controls.

The bariatric surgery group enrolled morbidly obese in-
dividuals aged 18–65 years old who underwent RYGB be-
tween January 2011 and December 2012. The CD groups
comprised individuals aged 18–65 years old attended at the
Inflammatory Bowel Diseases (IBD) Clinics of our institu-
tion from August 2014 through March 2015. The individ-
uals were, respectively, recruited in the Bariatric Surgery
outpatient service in the pre-operative phase of the follow-
ing and in the IBD Clinics of our institution by means of a
clinical interview personally conducted by the research
team in which they were evaluated in regards to the inclu-
sion and exclusion criteria, as well as their accordance to
take part in the study protocol. Exclusion criteria were
endocrine disorders (Cushing’s disease, type 1 and 2 dia-
betes mellitus, Addison’s disease), users of dipeptidil-
peptidase-4 (DPP-IV) inhibitors, and antecedent of total
colon resection and/or ileal resection. The diagnosis of
CD was certified by means of clinical, endoscopic, and
histological standard criteria. During routine visits to our
clinics, patients who were in accordance with the study
signed up to the informed consent form. The patients’
blood samples were collected, and disease activity in CD
patients was assessed by using the Crohn’s disease activity
index (CDAI) [26]. Scores above 150 points defined the
presence of an active disease, whereas a CDAI index be-
low 150 meant the presence of inactive disease (remis-
sion). The Montreal classification [27] was also employed
among CD patients. Bariatric surgery was indicated based
on the National Institutes of Health Consensus Statement
criteria [28]. The individuals in the bariatric surgery group
were evaluated immediately before and 12 months after
surgery. These individuals were considered independent
groups according to the period evaluated (pre- or post-op-
erative). All the bariatric procedures were performed by the
same surgical team and with the same technique. Blood
samples were also collected from seven healthy controls,
which were volunteering women who worked or studied at
the university. The study underwent evaluation and was
approved by the local Institutional Ethics Review Board
under the references UNICAMP 801/2008 and 245/2010.

Bariatric Surgery Technique

Themain features of the RYGBwere a 30-mL gastric pouch, a
100-cm biliopancreatic limb, a 150-cm alimentary limb, and a
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common limb consisting of the remainder of the small
intestine.

Reagents and Serum Analysis

C-reactive protein (CRP) levels were determined using
ELISA Kit (R&D Systems Inc., Minneapolis, MN). For glu-
cose, insulin, GLP-1, andGLP-2 analysis, blood samples were
collected in tubes with EDTA3 plus Sigma diprotin. Serum
samples were stored in a freezer at −80 °C for later analysis of
GLP-1 and GLP-2 with specific ELISA kits (ELISA,
Millipore Billerica, MA).

Standard Meal Tolerance Test

After an overnight fasting (12 h), subjects underwent the stan-
dard meal tolerance test (MTT), based in a mixed meal con-
taining 515 kcal (41.8% fat, 40.7% carbohydrates, and 17.5%
protein). This test contained a protein bar and a liquid nutrition
supplement. Blood samples were drawn for glucose, insulin,
GLP-1, and GLP-2 at 0, 15, 30, 45, 60, 90, 120, 150, and
180 min.

Statistical Analysis

The results were expressed as means ± standard deviation
(mean ± SD).The areas under the curve (AUC) of glucose,
insulin, GLP-1, and GLP-2 were calculated by the trapezoidal
rule after MTT. For the comparison of the results obtained
between two groups, Mann-Whitney test was used. For five
groups’ comparison, ANOVA analysis was used for paramet-
ric variables and Kruskal-Wallis test was used for nonparamet-
ric variables. The significance level adopted was 5% for all
statistical tests (p value <0.05). Considering the small number
of individuals in each group and the unavailability of re-
sources to analyze more subjects, a post hoc sample power
analysis was performed considering a 20% alpha error. The
software SSPS v.16.0 (Chicago, IL, USA) was used for the
analysis.

Results

Patients’ Demographics

There were 48 individuals enrolled in this study. They were
divided into four groups: active CD (10 individuals), inactive
CD (10), pre-bariatric surgery (11 individuals), post-bariatric
surgery (10 individuals), and control (7). The bariatric surgery
group was divided into two sub-groups independently en-
rolled in the analysis according to the period evaluated: pre-
RYGB (11 individuals) and post-RYGB (10 individuals).
Figure 1 presents a flow diagram of the groups’ definition.

Characteristics of the CD Groups

The active CD group consisted of six women and four men,
with a mean age of 35.1 ± 9.3 years and mean BMI of
20.2 ± 3.5 kg/m2; 60% had a duration of disease of more than
5 years and mean CDAI 238 ± 71.8. Age at diagnosis between
17 and 40 years (A2) was 70%, and 40% had a location of CD
colonic (L2); 60% presented non-penetrating CD phenotype
(B1) and perianal disease was present in 60%. Of those, 6/10
patients had been treated with TNF-α antibody therapy or a
thiopurine derivate (4 out of 10 patients). The inactive CD
group consisted of one woman and nine men, with a mean
age of 45.6 ± 13.6 years and mean BMI of 23.5 ± 3.3 kg/m2;
90% had a duration of disease of more than 5 years and mean
CDAI 59.4 ± 37.5. Age at diagnosis between 17 and 40 years
(A2) was present in 80%, and 50% had CD located in the
terminal ileum (L1); 50% presented a stricturing CD pheno-
type (B2), and perianal disease was present in 80%. Of this
group, 4/10 patients had been treated with TNF-α antibody
therapy (4 of 10 patients) or a thiopurine derivate (5 of 10
patients).

Characteristics of the Bariatric Surgery Group

The bariatric surgery group was comprised of 11 individuals
who underwent RYGB and were followed up for 12 months,
of which six (54.5%) were female. Before RYGB, mean age
was 36.7 ± 8.2 years old, mean pre-operative weight was
123.5 ± 13.1 kg, and mean pre-operative BMI was
46.3 ± 3.1 kg/m2. None of the individuals were diabetic,
36.4% presented impaired glucose tolerance, 45.4% presented
hypertension, and 54.5% were dyslipidemic. In regards to
chronic drug usage, 45.5% used anti-hypertensive agents
and 36.4% used lipid-lowering drugs.

Weight Loss Results of the Bariatric Surgery Group

One year after RYGB, mean weight was 85.3 ± 16.1 kg and
mean BMI was 32.1 ± 6.0; the mean weight loss was
38.2 ± 15.2 kg, and mean percentage of excess weight loss
was 66.7 ± 12.2%.

Characteristics of the Control Group

The control group encompassed seven healthy women with a
mean age of 48.42 ± 12.6 years, a mean BMI of 25.2 ± 2.9,
and no comorbidities.

CRP Levels

The pre-RYGB group presented significantly higher levels of
CRP than the post-RYGB (p = 0.001) and the control group
(p = 0.001); the CRP levels of the pre-RYGB group were not
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significantly different than both CD groups. Table 1 details the
overall characteristics of the studied individuals, as well as the
characteristics of each group.

Post-MTT Curves of GLP-1

Comparing the post-MTT curves of GLP-1, we observed that
the inactive CD group presented a higher AUC than the pre-
RYGB group (p = 0.009). Table 2 presents the complete com-
parison of the GLP-1 curves after MTT among the five
groups. Evaluating the values from 0 to 180 min, it was ob-
served that the pre-RYGB did not present a significant

response, generating a flat curve, whereas the post-RYGB
presented an intense increase until 60 min; the active CD
presented a late increase after 150 min, whereas the inactive
CD presented an increase after 120min, followed by an abrupt
decrease. The controls presented a slight and sustained in-
crease. A graphic representation of the GLP-1 curves in the
five groups is shown in Fig. 2a.

Post-MTT Curves of GLP-2

In regard to GLP-2 curves following MTT, it was observed
that the post-RYGB group presented significantly higher

Sample

N=48

Bariatric surgery 

group N=21

Healthy controls

N=7

CD group

N=20

Pre-RYGB

N=11

Post-RYGB

N=10
Ac�ve CD

N=10

Inac�ve CD

N=10

Fig. 1 Flow diagram of group
definition

Table 1 Characteristics of the individuals of the five groups studied

Variables Pre-RYGB (I) Post-RYGB (II) Active CD (III) Inactive CD (IV) Control (V) Values of p

Gender (female/male) 6/5 6/5 6/4 1/9 7/0 I vs. IV 0.001
I vs. V <0.0001
II vs. IV 0.003
II vs. V <0.0001
III vs. IV 0.003
IV vs. V <0.0001
Remaining NS

Age (years) 36.7 ± 8.2 37.8 ± 8.7 35.1 ± 9.3 45.6 ± 13.6 48.42 ± 12.6 All NS

Weight (kg) 123.5 ± 13.1 85.3 ± 16.1 57.2 ± 10.2 67.7 ± 13.1 62.8 ± 9.01 I vs. II <0.0001
I vs. III <0.0001I

vs. IV <0.0001
I vs. V <0.0001
Remaining NS

BMI (kg/m2) 46.3 ± 3.1 32.1 ± 6.0 20.2 ± 3.5 23.5 ± 3.3 25.2 ± 2.9 I vs. II <0.0001
I vs. III <0.0001I

vs. IV <0.0001
I vs. V <0.0001
Remaining NS

CRP (mg/L) 6.6 ± 4.7 0.7 ± 0.9 4.3 ± 0.5 4.4 ± 0.7 1.3 ± 0.2 I vs. II 0.001
I vs. V 0.001
IV vs. V 0.05
Remaining NS

HOMA-IR 4.4 ± 4 1.2 ± 0.7 2.2 ± 3.8 1.7 ± 2.1 1.3 ± 0.8 All NS

RYGB Roux-en-Y gastric bypass, BMI body mass index, CRP C-reactive protein,HOMA-IR homeostasis model assessment–insulin resistance, NS non-
significant
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AUCs than the pre-RYGB group (p < 0.0001), both inactive
and active CD groups (p < 0.0001 in both situations), and the
control group (p = 0.002). Table 3 details the complete com-
parisons of the GLP-2 curves following MTT. Analyzing
the values from 0 to 180 min, it was observed that there

was no significant post-prandial response in the pre-RYGB
group, whereas the post-RYGB group presented a rapid
and sustained response during the whole curve. In both
the CD groups, there was no significant response after
the MTT, whereas the controls presented a rapid increase

Table 2 Comparison of the GLP-1 AUCs following MTT in the five groups evaluated [expressed in means ± SD (value of p)]

Pre-RYGB Post-RYGB Inactive CD Active CD Control

Pre-RYGB NA 705.8 ± 343.4 vs.
954.2 ± 725.9
(p = 0.945)

705.8 ± 343.4 vs.
1885.9 ± 147.4
(p = 0.009)

705.8 ± 343.4 vs.
1226.8 ± 809.5
(>p = 0.533)

705.8 ± 343.4 vs.
1080.2 ± 514.5
(p = 0.849)

Post-RYGB 954.2 ± 725.9 vs.
705.8 ± 343.4
(p = 0.945)

NA 954.2 ± 725.9 vs.
1885.9 ± 1147.4
(p = 0.068)

954.2 ± 725.9 vs.
1226.8 ± 809.5
(p = 0.931)

954.2 ± 725.9 vs.
1080.2 ± 514.5
(p = 0.997)

Inactive CD 1885.9 ± 1147.4 vs.
705.8 ± 343.4
(p = 0.009)

1885.9 ± 147.4 vs.
954.2 ± 725.9
(p = 0.068)

NA 1885.9 ± 1147.4 vs.
1226.8 ± 809.5
(p = 0.321)

1885.9 ± 1147.4 vs.
1080.2 ± 514.5
(p = 0.225)

Active CD 1226.8 ± 809.5 vs.
705.8 ± 343.4
(p = 0.533)

1226.8 ± 809.5 vs.
954.2 ± 725.9
(p = 0.931)

1226.8 ± 809.5 vs.
1885.9 ± 1147.4
(p = 0.321)

NA 1226.8 ± 809.5 vs.
1080.2 ± 514.5
(p = 0.995)

Control 1080.2 ± 514.5 vs.
705.8 ± 343.4
(p = 0.849)

1080.2 ± 514.5 vs.
954.2 ± 725.9
(p = 0.997)

1080.2 ± 514.5 vs.
1885.9 ± 147.4
(p = 0.225)

1080.2 ± 514.5 vs.
1226.8 ± 809.5
(p = 0.995)

NA

Values of p in italic indicate statistical significance

Post hoc power = 50%

RYGB Roux-en-Y gastric bypass, GLP-1 glucagon-like peptide 1, AUC area under the curve, SD standard deviation, MTT meal tolerance test

Fig. 2 Graphic representations of the post-prandial curves evaluated. a GLP-1. b GLP-2. c Glucose. d Insulin
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until 90 min. A graphic representation of the GLP-1 curves
in the five groups is shown in Fig. 2b.

Post-MTT Curves of Glucose

In regard to the post-prandial glucose curves, it was observed
that the pre-RYGB group presented a significantly higher AUC
than the post-RYGB (p = 0.02) and both active and inactive CD

groups (p = 0.019 and p = 0.046, respectively). Table 4 presents
the complete comparison of the glucose curves following MTT
among the five groups. Analyzing the values of glucose from 0
to 180min, it was observed that the pre-RYGB group presented
hyperglycemia during the whole test; the post-RYGB group
presented normalization of the glucose curve after 45 min,
quicker than the control group, where the normalization was
observed after 150min; in the active CD group, it was observed

Table 3 Comparison of the GLP-2 AUCs following MTT in the five groups evaluated [expressed in means ± SD (value of p)]

Pre-RYGB Post-RYGB Inactive CD Active CD Control

Pre-RYGB NA 974.6 ± 610 vs.
1751.9 ± 598.3
(p = 0.028)

974.6 ± 610 vs.
611 ± 157.5
(p = 0.606)

974.6 ± 610 vs.
469.2 ± 170.1
(p = 0.283)

974.6 ± 610 vs.
1978.3 ± 1075.2
(p = 0.007)

Post-RYGB 1751.9 ± 598.3 vs.
974.6 ± 610
(p = 0.028)

NA 1751.9 ± 598.3 vs.
611 ± 157.5
(p = 0.001)

1751.9 ± 598.3 vs.
469.2 ± 170.1
(p < 0.0001)

1751.9 ± 598.3 vs.
1978.3 ± 1075.2
(p = 0.931)

Inactive CD 611 ± 157.5 vs.
974.6 ± 610
(p = 0.60)

611 ± 157.5 vs.
1751.9 ± 598.3
(p = 0.001)

NA 611 ± 157.5 vs.
469.2 ± 170.1
(p = 0.982)

611 ± 157.5 vs.
1978.3 ± 1075.2
(p < 0.0001)

Active CD 469.2 ± 170.1 vs.
974.6 ± 610
(p = 0.283)

469.2 ± 170.1 vs.
1751.9 ± 598.3
(p < 0.0001)

469.2 ± 170.1 vs.
611 ± 157.5
(p = 0.982)

NA 469.2 ± 170.1 vs.
1978.3 ± 1075.2
(p < 0.0001)

Control 1978.3 ± 1075.2 vs.
974.6 ± 610
(p = 0.007)

1978.3 ± 1075.2 vs.
1751.9 ± 598.3
(p = 0.931)

1978.3 ± 1075.2 vs.
611 ± 157.5
(p < 0.0001)

1978.3 ± 1075.2 vs.
469.2 ± 170.1
(p < 0.0001)

NA

Values of p in italic indicate statistical significance

Post hoc power = 100%

RYGB Roux-en-Y gastric bypass, GLP-2 glucagon-like peptide 2, AUC area under the curve, SD standard deviation, MTT meal tolerance test, NA not
applicable

Table 4 Comparison of the glucose AUCs following MTT in the five groups evaluated [expressed in means ± SD (value of p)]

Pre-RYGB Post-RYGB Inactive CD Active CD Control

Pre-RYGB NA 23,321.9 ± 5,893 vs.
16,949.3 ± 3,932.4
(p = 0.020)

23,321.9 ± 5,893 vs.
17,438.4 ± 5,322.5
(p = 0.046)

23,321.9 ± 5,893 vs.
16,915.6 ± 3,673.6
(p = 0.019)

23,321.9 ± 5,893 vs.
18,982.6 ± 2,312.5
(p = 0.295)

Post-RYGB 16,949.3 ± 3,932.4 vs.
23,321.9 ± 5,893
(p = 0.020)

NA 16,949.3 ± 3,932.4 vs.
17,438.4 ± 5,322.5
(p = 0.999)

16,949.3 ± 3,932.4 vs.
16,915.6 ± 3,673.6
(p = 1.000)

16,949.3 ± 3,932.4 vs.
18,982.6 ± 2,312.5
(p = 0.892)

Inactive CD 17,438.4 ± 5,322.5 vs.
23,321.9 ± 5,893
(p = 0.046)

17,438.4 ± 5,322.5 vs.
16,949.3 ± 3,932.4
(p = 0.999)

NA 17,438.4 ± 5,322.5 vs.
16,915.6 ± 3,673.6
(p = 0.999)

17,438.4 ± 5,322.5 vs.
18,982.6 ± 2,312.5
(p = 0.961)

Active CD 16,915.6 ± 3,673.6 vs.
23,321.9 ± 5,893
(p = 0.019)

16,915.6 ± 3,673.6 vs.
16,949.3 ± 3,932.4
(p = 1.000)

16,915.4 ± 3,673.6 vs.
17,438.4 ± 5,322.5
(p = 0.999)

NA 16,915.6 ± 3,673.6 vs.
18,982.6 ± 2,312.5
(p = 0.886)

Control 18,982.6 ± 2,312.5 vs.
23,321.9 ± 5,893
(p = 0.295)

18,982.6 ± 2,312.5 vs.
16,949.3 ± 3,932.4
(p = 0.892)

18,982.6 ± 2,312.5 vs.
17,438.4 ± 5,322.5
(p = 0.886)

18,982.6 ± 2,312.5 vs.
16,915.6 ± 3,673.6
(p = 0.961)

NA

Values of p in italic indicate statistical significance

Post hoc power = 85%

RYGB Roux-en-Y gastric bypass, AUC area under the curve, SD standard deviation, MTT meal tolerance test, NA not applicable
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rather constant levels of glucose during the test, whereas the
inactive CD group presented a normalization of glucose levels
after 90 min. A graphic representation of the glucose curves in
the five curves is shown in Fig. 2c.

Post-MTT Curves of Insulin

Regarding the insulin curves following MTT, the pre-RYGB
group presented a significantly higher AUC than the control
(p = 0.005) and both the active and inactive CD groups
(p < 0.0001 in both comparisons). In Table 5, the complete
comparisons of the post-MTT insulin AUCs are shown.
Analyzing the values of insulin from 0 to 180 min, it was ob-
served that the pre-RYGB group presented a rapid and sustained
increase, maintaining such higher levels even until 180 min; the
post-RYGBgroup presented a rapid and intense increase follow-
ed by an abrupt decrease right after 60 min; and the active CD
group presented a slight increase followed by the restoration of
nearly basal levels after 150min, whereas the inactive CD group
presented a slightly attenuated curve similar to the presented by
the control group, characterized by a rapid and sustained in-
crease until 120–150 min. A graphic representation of the insu-
lin curves in the five groups is shown in Fig. 2d.

Discussion

Obesity has been proven to be strongly linked with insulin
sensitivity abnormalities. Several factors are associated with
these abnormalities, and the complex interplay among them is

not completely known. Chronic inflammation and impairment
on the release of the gut hormones collectively called incretins
are known to play significant roles in this regard. The strong
impact of bariatric surgery on IR-related abnormalities has
also been clearly demonstrated over the years [29–36].
RYGB, the second most performed bariatric surgical tech-
nique worldwide [37], leads to high rates of resolution of
IR-related diseases [29–36]. RYGB is associated with signif-
icant increases in the secretion of both GLP-1 and GLP-2,
comparable to the findings of this study [38–41]. Glucose
metabolism in individuals with IBD is yet to be completely
understood. Despite the high frequency of low body weight
among these individuals, insulin resistance and adiposopathy
have been previously reported as features commonly observed
in this group [42, 43]. Several features observed in IBD seem
to be associated with abnormalities in the glucose metabolism:
(1) rapid intestinal transit, which has been previously as-
sociated with glucose malabsorption [44, 45]; (2) isolated
disaccharide intolerance (mainly lactose and saccharose)
[46]; (3) gut barrier defects, mainly the insufficient expres-
sion of claudin-15, which leads to sodium and glucose
malabsorption [47, 48]; (4) small bowel bacterial over-
growth, associated with the production of lipopolysaccha-
rides (LPSs) and chronic endotoxemia [49]; (5) chronic
inflammatory activity, which leads to pathophysiologic re-
sponses that impair regular glucose metabolism [50, 51];
(6) and GLP-2 blockade that leads to impairment of the
overall gut absorption capacity [52–54]. Chronic inflam-
mation seems to be a considerable part of the link be-
tween obesity and IBD, and since both IBD and bariatric

Table 5 Comparison of the insulin AUCs following MTT in the five groups evaluated [expressed in means ± SD (value of p)]

Pre-RYGB Post-RYGB Inactive CD Active CD Control

Pre-RYGB NA 24,128.7 ± 17,588.9 vs.
15,730.2 ± 10,193.2
(p = 0.40)

24,128.7 ± 17,588.9 vs.
4,198.4 ± 2,266.5
(p < 0.0001)

24,128.7 ± 17,588.9 vs.
2,897 ± 2,011.8
(p < 0.0001)

24,128.7 ± 17,588.9 vs.
6,306.9 ± 2,687.9
(p = 0.005)

Post-RYGB 15,730.2 ± 10,193.2 vs.
24,128.7 ± 17,588.9
(p = 0.40)

NA 15,730.2 ± 10,193.2 vs.
4,198.4 ± 2,266.5
(p = 0.14)

15,730.2 ± 10,193.2 vs.
2,897 ± 2,011.8
(p = 0.79)

15,730.2 ± 10,193.2 vs.
6,306.9 ± 2,687.9
(p = 0.38)

Inactive CD 4,198.4 ± 2,266.5 vs.
24,128.7 ± 17,588.9
(p < 0.0001)

4,198.4 ± 2,266.5 vs.
15,730.2 ± 10,193.2
(p = 0.14)

NA 4,198.4 ± 2,266.5 vs.
2,897 ± 2,011.8
(p = 0.99)

4,198.4 ± 2,266.5 vs.
6,306.9 ± 2,687.9
(p = 0.99)

Active CD 2,897 ± 2,011.8 vs.
24,128.7 ± 17,588.9
(p < 0.0001)

2,897 ± 2,011.8 vs.
15,730.2 ± 10,193.2
(p = 0.079)

2,897 ± 2,011.8 vs.
4,198.4 ± 2,266.5
(p = 0.998)

NA 2,897 ± 2,011.8 vs.
6,306.9 ± 2,687.9
(p = 0.95)

Control 6,306.9 ± 2,687.9 vs.
24,128.7 ± 17,588.9
(p = 0.005)

6,306.9 ± 2,687.9 vs.
15,730.2 ± 10,193.2
(p = 0.386)

6,306.9 ± 2,687.9 vs.
4,198.4 ± 2,266.5
(p = 0.954)

6,306.9 ± 2,687.9 vs.
2,897 ± 2,011.8
(p = 0.992)

NA

Values of p in italic indicate statistical significance

Post hoc power = 99%

RYGB Roux-en-Y gastric bypass, AUC area under the curve, SD standard deviation, MTT meal tolerance test, NA not applicable
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surgery are associated with different degrees of changes in
the intestinal food transit, it is likely that the release and
function of gut-derived hormones and its physiological func-
tions would be significantly different among these distinct
conditions.

Thus, in this study, we evaluated five groups of individuals
with somewhat different situations in regards to the gut func-
tional and anatomical domains: (1) the pre-RYGB group,
which presented functional and anatomical integrities associ-
ated with a chronic inflammatory condition; (2) the post-
RYGB group, which presented surgically induced changes
in both anatomical and functional domains, associated with
an intense attenuation of the chronic inflammation; (3) the
active CD group, which presented anatomical integrity of
the distal bowel associated with a severe chronic inflammato-
ry state and functional impairment mainly due to the increase
in the food transit; (4) the inactive CD group, which presented
anatomical integrity of the distal small bowel associated with
an attenuated chronic inflammation and a mildly impaired
functional domain; and (5) the control group, which presented
both anatomical and functional integrities with no chronic
inflammation.

In regard to chronic inflammation, a relevant finding was
the intensity of the inflammatory state assessed by means of
the CRP in the pre-RYGB group; it did not statistically differ
from the values observed in both the active and inactive CD
groups. Although obesity has been previously proven to be
associated with a pro-inflammatory state [55–57], the inflam-
mation in IBD is usually characterized as much more intense
than the one observed in obesity, even despite the usage of
TNF-α antibody therapy or thiopurine derivates among the
CD individuals.

There were several differences in regards to the glucose,
insulin, and gut hormone-related metabolisms observed
among CD individuals when compared to pre- and post-
RYGB groups and the healthy controls in this study. Both
the active and inactive CD groups and the pre-RYGB group
presented significantly lower levels of GLP-2 than the con-
trols and the pre-RYGB group, and the inactive CD and post-
RYGB groups presented significantly higher levels of GLP-1
than the active CD, pre-RYGB, and control groups. Both the
active and inactive CD groups presented significantly lower
post-prandial levels of insulin than the controls, whereas the
pre-RYGB tended to present an almost continuous
hyperinsulinemia following the food stimulus and the post-
RYGB presented a normalization of this pattern, characterized
by a quick peak followed by an abrupt decrease. The post-
prandial glucose levels were strongly higher in the pre-RYGB
group, a finding that may be easily explained by the IR state of
these individuals. The complete meaning of these findings is
yet to be determined, but it seems that the post-prandial glu-
cose metabolism in CD individuals follows a different pattern
to maintain stable levels of circulating glucose. Since

individuals with CD tend to present a rapid food transit, as
well as the post-RYGB individuals whose small bowel is sig-
nificantly bypassed, the secretion of proglucagon-derived
peptides provoked by the passage of higher amounts of nutri-
ents through the distal small bowel [58] may receive more
stimuli than in the healthy individuals; this could be explained
by the higher levels of GLP-1. The rapid transit and inflam-
matory changes in the gut mucosa of the individuals with CD
also associate with varying degrees of carbohydrate malab-
sorption [44–46]; this abnormality could impair the usual se-
cretion of insulin mediated by the absorption of carbohydrates
in the proximal small bowel and the passage of the glucose-
rich blood flow through the pancreas (glucose-dependent in-
sulin secretion). Hence, the insulin release in the individuals
with CD would be more controlled by the uncertain release
than by the direct absorption of carbohydrates observed in
regular situations. Since GLP-1 is quickly degraded by DPP-
IV, the stimulus for insulin release in the pancreas would be
self-limited and last for less time than the usual, preventing the
occurrence of hypoglycemia, especially in these individuals
with carbohydrate malabsorption. GLP-1 potentiates glucose-
stimulated insulin secretion and has little or no activity on
insulin secretion in the absence of elevated blood glucose
concentrations [59]. This insulinotropic effect is also
glucose-dependent; when the extracellular levels of glucose
are in the normal fasting range (lower than 4 mmol/L), the
GLP-1 secretion does not stimulate insulin release [60, 61].
The flat post-prandial insulin curve observed in the individ-
uals with active CD points out a limitation in the insulin ef-
fects on the liver especially the inhibition of gluconeogenesis.
Among the post-RYGB group, nonetheless, the increase in the
GLP-1 and GLP-2 releases are seemingly accompanied by the
expected proportional increases in the secretion of insulin and
absorption of glucose. Eriksson [55] observed that, among
individuals with IBD, despite the carbohydrate and protein
malabsorption, there was a normal net splanchnic glucose
output, associated with accelerated hepatic gluconeogenesis.
Although GLP-1 may inhibit hepatic gluconeogenesis [62], it
presents short-time effects, and its net effects may be not
enough to suppress this feature.

Since GLP-1 and GLP-2 are both produced by cleavage of
proglucagon after secretion by the L cells of the ileum, the
post-prandial circulating levels of both should present the
same behavior. However, both the active and inactive CD
groups, as well as the pre-RYGB groups, presented signifi-
cantly lower post-prandial levels than the post-RYGB group.
G-protein-coupled receptor (GPR) 40 and GPR120 are prob-
ably involved in GLP-2 production, and the mechanisms by
which they intrinsically affect the GLP-2 release remain un-
clear [63]. Tsukuhara et al. [26] observed that the GPR120-
dependent signaling inhibited the stimulatory effects of G-
protein-coupled receptor 40 on GLP-2 expression and tumor
necrosis factor-α (TNF-α) treatment decreased GLP-2
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expression by upregulating GPR120 expression in L cells,
concluding that the TNF-α decreases GLP-2 expression by
upregulating G-protein-coupled receptor 120 in CD. Since
individuals with CD, especially in active disease, tend to pres-
ent higher levels of TNF-α [64], this could explain the dis-
crepancy between the levels of GLP-1 and GLP-2 in CD in-
dividuals. The active inflammatory state observed in the obese
individuals’ group may also be enrolled as a possible cause for
the lack of post-prandial response in the GLP-2 secretion.
There is previous evidence of elevated levels of TNF-α
among obese individuals [65, 66].

Considering the abnormal basal enteroendocrine function
observed in the CD population, the possible effect of bariatric
surgeries that enroll some degree of intestinal bypasses on
obese individuals which also present CD would be somewhat
unpredictable. In regard to the effect of surgery on disease
activity, there are sparse reports, but the occurrence of newly
diagnosed or reactivated disease after RYGB is more than
merely circumstantial [6–9]. Since weight loss is associated
with a decrease in the inflammatory activity, a surgical tech-
nique without an intestinal bypass, such as the sleeve gastrec-
tomy, seems to be more appropriate in this setting.

This study has some limitations that should be taken
into account. Firstly, it was performed in a small patient popu-
lation; this occurs primarily due to the high costs of the assays
utilized in this study. Secondly, the populations of the five
groups are not perfectly matched by gender; it happened due
to the usually observed predominance of females among the
bariatric population, in contrast to the male predominance ob-
served among individuals with CD. Moreover, to measure the
inflammatory status during continuous therapy (mainly biolog-
ical agents) for CD may have biased the results of some of the
molecules that were measured. However, it would be difficult to
select patients before treatment and unethical to suspend ongo-
ing treatment regimens for research purposes. There is previous
evidence showing mixed results in regards to the possibility of
anti-TNF-α therapy to promote direct interference in glucose
metabolism [67–71]. The glucose homeostasis in this specific
group remains to be completely elucidated, and further investi-
gation is required, but this study provided a novel insight in
regards to the metabolic pathways enrolled in such complex
topic.

In summary, this study has shown that CD individuals
present a different pattern of glucose metabolism when com-
pared to healthy controls and pre- and post-RYGB individuals.
This specific pattern appears to be more dependent on the
release of GLP-1 than to nutrient absorption, and it may be
assumed that it presents a compensatory/adaptive mechanism
to prevent the occurrence of hypoglycemia in a potentially
high-risk group, such as the active CD patients, which present
GLP-2 blockade, chronic diarrhea, and nutrient malabsorption.
On the other hand, the secretion of GLP-2 was also suppressed
in the obese individuals evaluated, which is likely to be

associated with the chronic inflammation observed in this
group, that was comparable to the one observed in the CD
groups.

Conclusions

Obesity is associated with a chronic inflammatory state com-
parable to the one observed in CD; this state may also be
enrolled in the blockade of the post-prandial release of GLP-
2. RYGB attenuates the chronic inflammation and leads to
normalization in the post-prandial glucose and insulin curves,
as well as increases the post-prandial GLP-1 and GLP-2 re-
sponses. CD individuals present a different pattern of glucose
metabolism, apparently more incretin-driven, as a way to pre-
vent hypoglycemia and compensate the carbohydrate malab-
sorption and the GLP-2 blockade.
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