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INTRODUCTION

Glucagon-like peptide 2 (GLP-2) is a 33-aminoacid progluca-
gon-derived hormone which is primarily released by the L-cells 
in the distal small bowel. It is secreted by means of  proteolytic 
cleavage of  proglucagon in response to the passage of  nutrients 
through the distal small bowel, in a 1:1 ratio with glucagon-like 
peptide 1 (GLP-1) in a process mediated by enzymes proglucagon 
convertase 1/3(1-8). Although the properties of  GLP-2 have not 
been completely elucidated to date, it presents several known 
physiologic functions, of which the main are the trophic effect on 
the gut mucosa and the enhancement of nutrient absorption(5-13). 
GLP-1 is mainly enrolled in glucose homeostasis, and its main 
effects are the increasing of pancreatic beta cell function and the 
improvement of insulin sensitivity(14,15). Both GLP-1 and GLP-2 are 
quickly degraded by the enzyme dipeptidil-peptidase-4 (DPP-IV), 
and after 60 minutes, about 69% of the original hormones remain 
intact. The research on gut-derived peptides has considerably in-
creased over the last decades, especially due to the changes in their 
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release pattern and metabolic roles played after several bariatric 
surgical modalities(16-22).

A witty metaphor proposed by Hein et al.(23) claimed that GLP-
1 and GLP-2 were “the yin and yang” of  intestinal lipoprotein 
production, since GLP-1 significantly reduces and GLP-2 increases 
postprandial chylomicronemia. A likely assertion can be made in 
regards of glucose metabolism, since GLP-1 is enrolled in decreas-
ing postprandial blood glucose levels by means of insulin release, 
whereas GLP-2 enhances glucose absorption and thus increases 
the postprandial glucose levels(9,10,12,13,15,24,25).

The physiological roles of  GLP-1 and GLP-2 are consist-
ently pronounced in individuals who have undergone bariatric 
surgery(17,19). The interplay between these gut hormones and the 
chronic inflammation observed in individuals with obesity and type 
2 diabetes (T2D) remains to be completely understood. This study 
aimed to evaluate the postprandial levels of GLP-1 and GLP-2, the 
inflammation assessed by means of C-reactive protein (CRP), and 
the postprandial glucose and insulin levels, as well as their interplay, 
among individuals with obesity, T2D, and healthy controls.
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METHODS

This is an exploratory cross-sectional study, which enrolled 
individuals who attended the Obesity and Metabolic Syndrome 
service of a public tertiary university hospital. The inclusion criteria 
were: age between 18 and 65 years old; both genders; acceptance of 
the proposed study protocol. The exclusion criteria were: carriers 
of chronic inflammatory illnesses which could provoke changes in 
inflammation markers (autoimmune diseases, inflammatory bowel 
diseases, idiopathic inflammatory diseases), endocrine disorders 
other than T2D (Cushing’s disease, type 1 diabetes, Addison’s dis-
ease), users of dipeptidil-peptidase-4 (DPP-IV) inhibitors, GLP-1 
analogs, and anti-inflammatory medications; vulnerable groups 
(mentally ill, institutionalized or aged below 18 years old). The 
selected individuals were divided into three groups: non-diabetic 
individuals with morbid obesity; T2D individuals with mild obesity; 
and healthy controls. The non-diabetic individuals with obesity 
were recruited among candidates for bariatric surgery. The T2D 
group selected for study was comprised of individuals on chronic 
use of insulin with severe refractory T2D, candidates for metabolic 
surgery. The control group was comprised of healthy volunteers 
who worked or studied at the University.

This study underwent evaluation and was approved by the local 
Research Ethics Board. All individuals provided informed consent 
(UNICAMP – number: 801/2008).

The variables analyzed were: age, sex, body mass index (BMI), 
weight, presence of  type 2 diabetes (T2D), homeostasis model 
assessment – insulin resistance (HOMA-IR), use of medications, 
glycosylated hemoglobin (A1c) and CRP levels. Postprandial lev-
els of GLP-1, GLP-2, glucose, and insulin were obtained after a 
standard meal tolerance test (MTT).

CRP levels were determined in the fasting state using ELISA 
Kit (R&D Systems Inc., Minneapolis, MN). For glucose, insulin, 
GLP-1, and GLP-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 – Billericc M.A).

HOMA was calculated by means of  the formula of  Mat-
thews(26). T2D was defined according to the American Association 
of Clinical Endocrinology (AACE) criteria(27).

The standard MTT was designed as follows: after an overnight 
fast (12 hours), subjects underwent the standard MTT, based in a 
mixed meal containing 515 kcal (41.8% fat, 40.7% carbohydrates, 
and 17.5% protein). This test contained a protein bar and a 200 
mL-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 minutes.

Statistical analysis
The results were expressed as means ± standard deviation 

(mean ± SD).The areas under the curve (AUCs) of  glucose, 
insulin, GLP-1, and GLP-2 were calculated by the trapezoidal 
rule. For the comparison of  the results obtained in the different 
groups, analysis of  variance (ANOVA) analysis was used. For 
more than two groups’ comparison, ANOVA analysis was used 
for parametric variables and Kruskal-Wallis for non-parametric 
variables. The significance level adopted was 5% (P-value <0.05). 
Post hoc statistical power was calculated for the main results con-
sidering a 20% alpha error. The software SSPS v.16.0 (Chicago, 
IL, USA) was used for the analysis.

Statement of human and animal rights
All procedures performed in studies involving human par-

ticipants were in accordance with the ethical standards of  the 
institutional and/or national research committee and with the 
1964 Helsinki declaration and its later amendments or comparable 
ethical standards.

RESULTS

There were 30 individuals enrolled in the study, divided into 
three groups as proposed: non-diabetic with obesity (NDO; n=11 
individuals), diabetic (T2D; n=12 individuals), and healthy controls 
(C; n=7 individuals). The T2D and C groups were significantly older 
than the NDO group (P=0.012), and the NDO and T2D groups 
presented significantly higher weight (P<0.001) and BMI (P<0.001) 
than the C group. There was no difference in regard to gender in 
the three groups. The mean CRP levels were significantly higher in 
the NDO group (6.6±4.7 mg/dL) than in the T2D (3.3±2.2 mg/ dL) 
and C groups (2.5±3.2 mg/dL); (P=0.038). HOMA-IR was signifi-
cantly higher in the NDO and T2D groups (P=0.046). The levels 
of glycosylated hemoglobin were significantly higher in the T2D 
group (P=0.0021). TABLE 1 summarizes the main demographic 
and anthropometric data, as well as the complete values for CRP 
and HOMA-IR.

The GLP-1 levels following standard MTT did not differ among 
the three groups at none of the evaluated times. TABLE 2 details 

TABLE 1. Anthropometric, demographic and biochemical characteristics 
of the individuals evaluated

Variables NDO T2D C Values of P

Gender (F/M) 6/5 9/3 7/0 NS

Age (years) 36.7±8.2 49.1±8.4 48.4±12.6 0.012

Weight (Kg) 123.5±13.1 93.1±15.8 62.8±9 <0.001

BMI kg/m2 44.2±7.8 33.9±2.3 25.2±2.9 <0.001

CRP (mg/L) 6.6±4.7 3.3±2.2 2.5±3.2 0.038

HOMA-IR 4.4±4 6.5±5.2 1.3±0.8 0.046

BMI: body mass index; CRP: C-reactive protein; HOMA-IR: homeostasis model assess-
ment; NDO: non-diabetic with obesity group; T2D: diabetic group; C: control group; NS:  
non-significant.

TABLE 2. Comparison of the GLP-1 levels following a standard MTT 
among the three groups studied

Time (minutes) NDO T2D C Values of P

0 3.7±0.5 6.4±9.9 4.4±2.2 NS
15 3.8±0.5 9±12.1 7.1±3.3 NS
30 4.2±0.7 8.7±8.9 6.5±3.3 NS
45 3.6±0.5 7.6±8.4 6±3.4 NS
60 3.9±0.7 7.3±5.8 5.8±2.7 NS
90 3.8±0.6 7.8±6.1 5.6±2.8 NS
120 4.0±0.6 7±4.5 5.8±2.8 NS
150 3.7±0.6 9.8±9.2 6.3±3.1 NS
180 4±0.7 8.3±10.5 6±2.8 NS

GLP-1: glucagon-like peptide 1; MTT: meal tolerance test; NDO: non-diabetic with obesity 
group; T2D: diabetic group; C: control group; NS: non-significant. GLP-1 levels expressed 
in pmol/L; post hoc power: 34.9%.
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the GLP-1 levels at each time of the MTT curve. The AUCs of 
GLP-1 in the three groups also did not significantly differ among 
the three groups. The GLP-2 levels were significantly lower in the 
NDO and T2D than in the C group following standard MTT at all 
the times evaluated. TABLE 3 shows the GLP-2 levels at each time 
of the MTT curve. As expected, the AUC of the GLP-2 levels after 
MTT was significantly lower in the NDO and T2D groups than 
in the C group (P=0.05 and P=0.01, respectively). The AUCs of 
GLP-1 and GLP-2 following MTT in the three groups are graphi-
cally represented in FIGURE 1, along with the power analysis of 
both comparisons.

minutes. The AUC of insulin during the MTT was higher in the 
NDO group than in the T2D (P=0.005) and C groups (P=0.009). 
TABLE 5 details the insulin levels at each time of the MTT curve. 
FIGURE 2 presents a graphical representation of the AUCs of 
glucose and insulin after MTT in the three groups, along with the 
power analysis of both comparisons.

TABLE 3. Comparison of the GLP-2 levels following a standard MTT 
among the three groups studied

Time (minutes) NDO T2D C Values of P
0 5.3±3.4 4.8±1.6 8.6±5.4 NS
15 5.7±4.6 5.6±1.7 12.6±8.3 0.011
30 5.8±4.1 6±1.8 12.6±8.4 0.013
45 5.8±3.9 5.7±2.2 12.4±7.7 0.009
60 5.6±3.1 6±1.8 12.5±7.3 0.003
90 5.6±3.4 6.7±2.4 11.4±7.2 0.023
120 4.6±2.3 6.7±2.2 9.9±5.1 0.033
150 4.3±2.1 9.6±3.6 9.6±3.6 0.011
180 4.6±2.5 9.6±3.4 9.6±3.4 0.007

GLP-2: glucagon-like peptide 2; MTT: meal tolerance test; NDO: non-diabetic with obesity 
group; T2D: diabetic group; C: control group; NS: non-significant. GLP-2 levels expressed 
in pmol/L; post hoc power: 89.9%.

FIGURE 1. Comparison of the AUCs of GLP-1 and GLP-2 following a 
standard MTT among the three groups.

NDO: non-diabetic with obesity; T2D: type 2 diabetes; AUC: area under the 
curve; GLP-1: glucagon-like peptide-1; GLP-2: glucagon-like peptide-2; MTT: 
meal tolerance test; GLP-1: non-significant difference among the three groups 
(post-hoc power: 47%); GLP-2: control group AUC significantly higher than 
NDO (P=0.01) and T2D (P=0.05) (post-hoc power: 77.7%). 

The glucose levels were significantly higher in the T2D group in 
the fasting state and at all the times evaluated after the MTT than 
the NDO and C groups. TABLE 4 details the glucose levels after 
MTT at all the times evaluated. As expected, the AUC of glucose 
of the T2D was significantly higher than both the NDO (P<0.001) 
and C groups (P<0.001). In regards to the insulin levels, they were 
lower in the C group than in the NDO and T2D groups in the fasting 
state (P=0.02); then, they became significantly higher in the NDO 
group than in T2D and C groups from 15 minutes through 150 

TABLE 4. Comparison of the glucose levels following a standard MTT 
among the three groups studied

Time 
(minutes) NDO T2D C Values 

of P
0 95.3±14.9 170.7±72.1 89.8±6.3 0.001
15 116.8±32.2 171.2±71.2 111.3±10.5 0.018
30 133.5±51.6 195.4±70.2 117.8±16.3 0.009
45 142.8±39.2 222±68.9 114±16.4 <0.001
60 141.1±48.8 227.4±69.8 105.4±18.3 <0.001
90 123.5±24 250.6±80 104.3±17.8 <0.001
120 123.8±30.6 260.1±90.6 103.9±14.7 <0.001
150 116±28.1 260.8±98.3 104.7±15.4 <0.001
180 111.8±34.6 240.9±102.4 96.1±8.6 <0.001

MTT: meal tolerance test; NDO: non-diabetic with obesity group; T2D: diabetic group;  
C: control group. Glucose levels expressed in mg/dL; post hoc power: 99%.

TABLE 5. Comparison of the insulin levels following a standard MTT 
among the three groups studied

Time 
(minutes) NDO T2D C Values 

of P
0 23±15.8 14±10.8 6±3.2 0.02
15 102±83.2 12.6±9.7 41.2±7.4 0.001
30 130.5±91 31.2±22.2 46.1±24.5 0.001
45 181.9±115 36±24.7 34.1±23 <0.001
60 146.3±107.6 35.1±28.8 41.7±27.4 0.001
90 129.5±129.4 40.3±32.2 33.8±26.7 0.024
120 129.9±107 44.7±44.3 24.2±13.6 0.007
150 102.5±105 39.9±25.5 33.2±19.7 0.05
180 75.2±82.6 44.8±41.8 10.9±8.6 NS

MTT: meal tolerance test; NDO: non-diabetic with obesity group; T2D: diabetic group; C: 
control group; NS: non-significant. Insulin levels expressed in mIU/L; post hoc power: 99.9%.

FIGURE 2. Comparison of the AUCs of glucose and insulin following a 
standard MTT among the three groups

AUC: area under the curve; MTT: meal tolerance test; NDO: non-diabetic with 
obesity; T2D: type 2 diabetes. Glucose: T2D group AUC significantly higher 
than NDO (P<0.001) and control (P<0.001) (post-hoc power: 99%); Insulin: 
NDO group AUC significantly higher than T2D (P=0.005) and control (P=0.009) 
(post-hoc power: 92.6%). 
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DISCUSSION

The exact roles and importance of  gut-derived peptides in 
metabolic processes in physiological conditions are subjects of 
significant debate. Although these hormones have been identified 
in the early 1970s, they really rose to prominence after the growth 
of bariatric surgery and the observation of the critical impact of 
these procedures on their release and, consequently, on the glucose 
homeostasis and improvement of  metabolic syndrome and its 
clinical features(16-22,28-34). In this study, we observed that the GLP-1 
levels did not differ among non-diabetic individuals with morbid 
obesity, diabetic individuals with mild obesity and healthy controls. 
Conversely, significantly lower levels of GLP-2 were observed in the 
non-diabetic with morbid obesity and diabetic with mild obesity 
groups than in the healthy controls. Since the stimuli for GLP-1 and 
GLP-2 are the same, and they are regularly secreted in equimolar 
proportions by the L-cells(1,4-8), there seems to be a common feature 
in both groups with obesity that solely impairs the GLP-2 levels, 
without compromising the GLP-1 secretion. This feature may be 
related to a specific imbalance of the homones secretion kinetics, 
which may be an impairment in the proglucagon conversion to 
GLP-2 or a faster degradation. Since the degradation of  both 
GLP-1 and GLP-2 are mediated by the same enzyme (DPP-IV), 
this is less likely to be such a mechanism. This imbalance remains 
to be determined in a molecular basis.

A possible connection between chronic inflammation and 
impairment of  the GLP-2 levels has been previously reported. 
Tsukahara et al.(35), studying the correlation between tumor ne-
crosis factor alpha (TNF-α) in GLP-2 release in individuals with 
Crohn’s disease, observed that high levels of TNF-α were negatively 
correlated with the GLP-2 release. Sigalet et al.(36) also revealed 
that pediatric patients with active Crohn’s disease presented sig-
nificantly lower postprandial GLP-2 levels than healthy controls. 
Although the inflammation is supposed to be much more intense 
in inflammatory bowel diseases, obesity and T2D are also associ-
ated with a low-grade chronic inflammatory state(37-40). In fact, 
the discrepancy in CRP levels among the groups along with the 
differences in the GLP-2 levels observed in the present study tend 
to signal that this inflammatory state may also play a significant 
role in this mechanism.

In regard to the relationship between chronic inflammation and 
GLP-1, the evidence available to date tends to support that GLP-1 
increases in response to inflammation(41-44). A pioneering study by 
Ellingsgaard et al.(41) revealed that the administration of interleukin 
6 (IL-6) or elevated IL-6 concentrations in response to exercise 
stimulates GLP-1 secretion from intestinal L-cells and pancreatic 
alpha cells, improving insulin secretion and blood glucose levels. 
Kahles et al.(42) observed significantly higher levels of GLP-1 in criti-
cally ill individuals compared to healthy controls, and speculated 
on a possible mechanism mediated by interleukin-6 (IL-6). Lebherz 
et al.(43) confirmed this finding, and observed that higher levels of 
GLP-1 among critically ill individuals were significantly correlated 
with IL-6 levels. Evidently, since these authors analyzed cohorts 
of individuals with acute high-grade inflammation, this phenom-
enon is not comparable to the inflammatory state associated with 
obesity and T2D. The influence of IL-6 on GLP-1 release seems 
to work like a “switch” pattern: under physiological circumstances, 
GLP-1 is only secreted by intestinal L-cells; under situations of 
physiological stress with high IL-6 levels, the pancreatic alpha-cell 

secretion begins(45-49). However, since the present study did not find 
any correlation between the CRP levels and the GLP-1 levels, it is 
reasonable to suppose that, in contrast to GLP-2, the low-grade 
inflammation observed was not sufficient to cause any noteworthy 
impairment or significant change in the GLP-1 levels.

This study presents some limitations that should be noted. 
Firstly, it enrolled a small patient population; this occurs primarily 
due to the high costs of the assays utilized. Moreover, the popula-
tion is far from perfectly matched according to age, gender and 
BMI, which also limits ultimate conclusions. The choice to study 
diabetic individuals with severe T2D relied on the fact that these 
individuals usually present more severe metabolic disturbances due 
to the refractory nature of their disease, hence the differences from 
the C and NDO groups would be more remarkable. Furthermore, 
the specific evaluations of IL-6 and TNF-α were not performed in 
this protocol, which does not permit ultimate conclusions on the 
exact mechanism of GLP-1 enhancement and GLP-2 impairment. 
Nevertheless, the significance of our findings is strong enough to 
be taken into account, despite the above cited flaws.

Considering solely the glucose metabolism-related functions 
of  GLP-1 and GLP-2, and the harmful effects of  inflammation 
on the glucose/insulin homeostasis, the impairment of the GLP-2 
levels among individuals with obesity and T2D may be seen as an 
adaptive/compensatory mechanism to prevent the uptake of even 
larger amounts of carbohydrates in the gut. Especially in the se-
verely diabetic individuals enrolled in this study, which presented a 
limited pancreatic response to the food absorption, this impairment 
in the GLP-2 levels assumes a substantial protective role. Thus, the 
symbolic figure of GLP-1 and GLP-2 as “yin/yang” hormones may 
be also appropriately used to describe their interplay in regards to 
glucose homeostasis and chronic inflammation.

These results point out that, since the GLP-2 levels presented 
an adaptive/compensatory impairment among individuals with low 
grade chronic inflammation, the use, within these populations, of 
drugs that may somewhat increase the GLP-2 levels or stimulate 
its action, such as DPP-IV inhibitors or GLP-2 analogs, should be 
cautiously evaluated, once they are likely to provoke harmful effects 
on glucose homeostasis on individuals which already present some 
degree of disturbance in insulin sensitivity.

CONCLUSION

GLP-2 levels were impaired among individuals with morbid 
obesity and with diabetes and mild obesity. This mechanism seems 
to be enrolled in preventing the worsening of the glucose homeo-
stasis in these individuals.
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