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Abstract

Carbohydrate metabolism was studied in morbidly obese
(MO) patients (n=22), in patients who underwent
biliopancreatic diversion/duodenal switch (BPD/DS)
(n=23) and in the control group (n=22). Blood glucose
levels, IRI, GLP-1, GIP and glucagon during the OGTT (with
75 g. glucose) at 0, 30, 60 and 120 min. were measured.

In MO patients impaired glucose metabolism was
revealed in 15 cases (68.2%); in the BPD group,
postprandial blood glucose levels (120 min) tended to be
lower compared to the other groups: 4 individuals (17.4%)
even showed postprandial hypoglycemia (<2.8 mmol/l).

Basal and peak GLP-1 levels were significantly higher after
BPD/DS (р=0.037 and p=0.022, respectively). Morbidly
obese patients had higher GIP values at all points. The
basal glucagon concentrations were similar in the post-
surgery and the control groups, while morbidly obese
patients had higher initial levels of glucagon (p=0.013)
and it was not suppressed during the OGTT (p=0.076).

Impaired carbohydrate metabolism in MO patients is
characterized by hyperglucagonemia, increased GIP levels
and decreased GLP-1 secretion. Patients who underwent
BPD/DS revealed a significantly higher IRI and GPP-1
secretion, which poses a high risk of postprandial
hypoglycemia.

Keywords: Morbid obesity; Incretins; Glucagon-like
peptide-1; Gastric inhibitory polypeptide glucagon;
Biliopancreatic diversion; Hypoglycemia

Introduction
Morbid obesity (MO) is associated with a whole set of

severe diseases, such as type 2 diabetes mellitus (T2DM),
coronary heart disease, arterial hypertension, obstructive
sleep apnea, and osteoarthrosis. The strongest correlation is
observed between BMI and the development of type 2
diabetes mellitus: the risk of diabetes onset increases by 20%
if BMI grows by 1 kg/m2 [1-3]. In patients with a BMI>40, type
2 diabetes is detected in 20-30% of cases, and the incidence of
borderline disorders of carbohydrate metabolism, such as
impaired glucose tolerance (IGT) and impaired fasting glucose
(IFG), reaches 25-50% [4-6].

The results of studies addressing the role of incretions in the
regulation of carbohydrate metabolism conducted over the
past 10 years serve as basis for the development of new drugs
and new approaches to the treatment of type 2 diabetes
mellitus. It was found that glucagon-like peptide-1 (GLP-1) and
glucose-dependent insulinotropic polypeptide (GIP) have the
most pronounced effect on the postprandial glucose level
[7,8].

At the same time, it was noted that bariatric surgery
performed on morbidly obese patients often leads to a
substantial improvement of carbohydrate metabolism
parameters. Improvement or normalization of carbohydrate
metabolism is observed in 80-100% of such patients, often as
soon as a few days after a gastric bypass procedure (RYGB) or
biliopancreatic diversion (BPD), that is, long before a
significant weight loss is achieved [9,10].

In contrast to this, after restrictive procedures such as
gastric banding (GB), the reduction of glycemic level is a direct
result of weight loss [11]. A meta-analysis [2], which included a
total of 135,000 patients who underwent bariatric
intervention, demonstrated a complete remission of type 2
diabetes in 78.1% of patients, while another 8.5% of patients

Research Article

iMedPub Journals
http://www.imedpub.com/

Endocrinology Research and Metabolism
Vol.1 No.1:0

2017

© Copyright iMedPub | This article is available from: http://www.imedpub.com/endocrinology-research-and-metabolism/ 1

3

mailto:natalyamazurina@mail.ru
http://www.imedpub.com/
http://www.imedpub.com/endocrinology-research-and-metabolism/


showed significant improvement in carbohydrate metabolism.
It should be added that a more pronounced decline in
glycaemia was observed after BPD and RYGB as compared to
the patients who underwent GB.

The mechanism largely responsible for blood glucose
normalization after bypass surgeries is the change of
production of incretins, particularly glucagon-like peptide-1
and glucose-insulinotropic polypeptide, which modulate
insulin response and produce multiple extrapancreatic effects
[12].

The change of GLP-1 and GIP production after intestine
repositioning may be due either to direct stimulation of L-cells
by rapid delivery of food into the ileum, or to the exclusion of
the duodenum from the digestion process. Until now, no
studies on the production of incretins in morbid obesity,
including the cases of post bariatric surgery, have been
performed in the Russian Federation.

The purpose of this study was to evaluate the parameters of
carbohydrate metabolism and production of incretions in
patients suffering from morbid obesity and those following
biliopancreatic diversion performed to treat MO.

Materials and Methods
The cross-sectional study included three groups of patients

– a total of 67 men and women aged 25 to 65 with no history
of diabetes. The Study Protocol was approved by Ethical
Committee of the Endocrinology Research Center, and all
participants signed informed consent before enrollment. All
procedures were performed in accordance with ethical
standards of the Endocrinology Research Center Research
Committee and Helsinki Declaration (1964). The study was
conducted in Moscow region.

Group 1 (MO) consisted of 22 patients with BMI ≥ 40 kg/m2,
who suffered from morbid obesity and had a stable body mass
during the last year. Patients were recruited from
Endocrinology Research Center outpatient clinic. Exclusion
criteria were the presence of diabetes mellitus in the patient’s
history and/or targeted attempts to lose weight in the previous
year.

Group 2 was composed of 23 patients with no history of
diabetes mellitus who underwent biliopancreatic diversion/
duodenal switch (BPD/DS) for morbid obesity in The Center of
Endosurgery and Lithotripsy. Postoperative follow-up period
varied from 2.3 to 7.2 years, the median for the group being
4.7 years. Pre-operation BMI for the 2nd group patients was
equal to 50.8 kg/m2 [46.5; 60.8] and corresponded with
morbid obesity. The length of the alimentary limb was 248.4 ±
9.4 cm, and the common channel was 70.5 ± 2.3 cm.

Group 3 (control) included 22 healthy volunteers with no
obesity or overweight (BMI 18.5-24.9 kg/m2). A brief
description of the patients studied is presented in Table 1.

Table 1 Major characteristics of the patients involved in the
study (median, 25th and 75th percentiles).

 Group 1 (МО) Group 2 (BPD) Group 3
(control)

Number of
patients (n) 22 23 22

Sex
M – 6 M – 6 M – 6

F – 16 F – 17 F – 16

Age (completed
years)

44.5 (40.0;
50.0)

44.0 (40.0;
51.0)

44.0 (42.0;
51.0)

BMI (kg/m2) 50.8 (48.0;
56.0)

32.8 (27.5;
38.7)

22.3 (20.0;
23.5)

Waist
circumference
(cm)

134.5(120.0;
140.0)

106 (94.0;
122.0) 71(68.0; 73.0)

The three groups of patients included in the study did not
differ by sex or age. BMI in the MO group was comparable to
the preoperative BMI for the patients of group 2.

In each group, an oral glucose tolerance test with 75 g of
glucose (OGTT) was conducted to determine plasma levels of
glucose, immunoreactive insulin (IRI), glucagon-like peptide-1,
glucose-dependent insulinotropic polypeptide and glucagon at
0, 30, 60 and 120 minutes.

The level of glucose in plasma was measured using a Hitachi
912 (Roche) biochemical analyzer by the hexokinase method in
the Laboratory of biochemical endocrinology and hormonal
analysis of the Endocrinology Research Center.

Immunoreactive insulin in blood plasma was measured by
electrochemiluminescent immunoassay (ICLA) using an
automatic analyzer Cobas 601 (Roche).

The Immunoassay method using commercially available kits
was employed in the laboratory of Clinical Biochemistry of the
Endocrinology Research Center to determine the plasma levels
of GLP-1, GIP and glucagon (respectively, GLP-1 EIA kit, GIP
(Total) EIA and Glucagon EIA by Peninsula Laboratories LLC,
USA).

Disorders of carbohydrate metabolism were diagnosed in
accordance with the criteria of WHO (1999-2006). Venous
plasma glucose levels lower than 6.1 mmol/l fasting and lower
than 7.8 mmol/l two hours after an oral glucose tolerance test
(OGTT), respectively, were assessed as cases of no
carbohydrate metabolism disorders. Impaired fasting
glycaemia was diagnosed if the level of venous plasma glucose
was more than or equal to 6.1 mmol/l but less than 7.0 mmol/l
fasting and less than 7.8 mmol/l at the 120th minute of OGTT.
The fasting glucose level lower than 7.0 mmol/l, with an
increase to 7.8 mmol/l or higher but lower than 11.1 mmol/l at
the 120th minute of OGTT was regarded as impaired glucose
tolerance. Plasma glucose concentration below 2.8 mmol/l
was viewed as hypoglycemia.

The level of insulin resistance was assessed using a
mathematical model based on the values of IRI and fasting
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plasma glucose (FPG) with the calculation of the HOMA-IR
(homeostasis model assessment of insulin resistance) index:

HOMA-IR = IRI (units/l)*FPG(mmol/l)/22.5

The values of HOMA-IR <2.77 were considered as normal
insulin sensitivity (i.e., absence of insulin resistance).

The areas under the curve (AUC) of glucose, IRI, GLP-1, GIP
and glucagon were calculated by trapezoidal rule:

0.5*(y1+y2)*(х2 - х1)+0.5*(у2+у3)*(х3-х2)+0.5*(у3+у4)*(х4-
х3), where х is time (х1 through x4 are 0, 30, 60 and 120
minutes of OGTT, respectively) and y is the parameter
calculated during OGTT (y1 through y4 are the values of this
parameter at minutes 0, 30, 60 and 120, respectively).

Statistical analysis was performed using the software
package STATISTICA 6.0. The data are presented as the median,
the 25th and the 75th percentiles.

To assess the significance of differences between the
groups, we used the Kruskal-Wallis test for continuous
variables and χ2 criterion and Fisher's exact test to compare
qualitative features. To test the association between two
features, we used Spearman rank correlation. P-value<0.05
was taken as the critical level of significance.

Results

Glycemic status
We evaluated glycaemia in the three groups of patients

during the OGTT. Glucose level values are given in Table 2. In
patients with MO, the fasting glucose was the highest (5.9
mmol/l vs. 4.8 and 5.1 in the other two groups, respectively),
while 15 patients in this group (68.2%) were identified with
impaired carbohydrate metabolism during the OGTT, which
was regarded as IFG (4 patients) or IGT (11 patients) (Figure 1).

Table 2 Glucose levels in the groups involved in the study
(median, 25th and 75th percentiles).

Glucose,
mmol/l Group 1 (МО) Group 2 (BPD) Group 3

(control)

(0 min) 5.9 (5.5; 6.2) 4.8(4.4; 5.0) 5.1(4.9; 5.4)

(30 min) 10.1 (9.2; 11.7) 7.4(6.7; 8.0) 8.0(7.6; 8.4)

(60 min) 9.5 (8.2; 10.3) 5.2(4.7; 5.9) 6.0 (5.8; 6.5)

(120 min) 7.3 (5.9; 8.9) 3.9(3.0; 4.3) 5.2(4.8; 6.6)

AUC of
glucose

1015.4 (918.0;
1140.0)

647.1 (576.0;
690.0)

744(726.0;
780.0)

Postprandial plasma glucose levels show no statistically
significant difference between the groups (р=0.09). However,
the BPD group revealed a tendency toward lower values;
moreover, in 4 patients of this group, hypoglycemia was
detected at the 120th minute of OGTT (respectively, 2.1, 2.2,
2.5 and 2.6 mmol/l), even though only one patient developed
typical symptoms, primarily adrenergic ones (heart
palpitations, tremor, pallor, anxiety).

AUC values for glucose were highest in people suffering
from obesity and minimal in patients who underwent surgery,
but the observed differences did not reach a statistically
significant level (p=0.651 and p=0.9, respectively) (Figure 1).

Figure 1 Blood glucose during OGTT.

IRI secretion
We evaluated the three groups for fasting insulin level after

an oral glucose load (Table 3 and Figure 2).

Table 3 IRI level indexes in the groups involved in the study
(median, 25th and 75th percentiles).

Index Group 1 (МО) Group 2 (BPD) Group 3
(control)

IRI (unit/l) 0 min 44.9 (39.0;
50.0) 5.2 (3.9; 6.0) 5.7 (4.3; 6.0)

IRI (unit/l) 30
min

100.0 (91.0;
130.0) 98.1(87.0; 111.0) 39.0 (35.0;

47.0)

IRI (unit/l) 60
min

111.5 (100.0;
120.0) 34.0 (27.0; 42.1) 17.5 (15.0;

21.0)

IRI (unit/l) 120
min

68.0 (59.0;
80.0) 12.0 (9.0; 19.0) 7.0 (6.0; 9.0)

AUC for IRI
10783.5
(10170.0;
11985.0)

4894.5 (4381.5;
5863.5)

2298.7
(1987.5;
2565.0)

НОМА-IR 11.9 (9.5; 13.5) 1.0 (0.8; 1.1) 1.3 (1.0; 1.5)

In MO patients, compared with the other two groups, basal
IRI (44.9 units/l vs. 5.2 and 5.7, respectively) and the value of
the HOMA-IR index (11.9 vs. 1.0 and 1.3, respectively) were
the highest (p<0.001 in all cases).

In the BPD group and the control group, the peak
concentration of IRI was achieved at the 30th minute of the
OGTT being significantly higher in the group of operated
patients (98.1 units/l vs. 39.0 units/l, respectively) (p=0.026).
In the MO group, the IRI concentration curve was generally
flatter, with the highest IRI values determined at the 60th
minute of the OGTT (111.5 units/l) and not returning to the
original level by the end of the test, whereas the remaining
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two groups showed a significant reduction of IRI by the 120th
minute.

The comparison of AUC for IRI also demonstrated the
difference between the groups (p<0.001), while the AUC for IRI
in the MO group showed a statistically significant higher value
(p=0. 008).

Figure 2 Insulin levels during OGTT.

GLP-1 secretion
The evaluation of GPL-1 during OGTT revealed differences in

the three groups under study (Table 4 and Figure 3).

Table 4 GLP-1 level indexes in the groups involved in the study
(median, 25th and 75th percentiles).

Index Group 1 (МО) Group 2
(BPD/DS)

Group 3
(control)

GLP-1
(ng/ml)
0 min

0.08 (0.05; 0.09) 0.23 (0.22; 0.23) 0.16 (0.15; 0.16)

GLP-1
(ng/ml)
30 min

0.12 (0.10; 0.14) 0.63 (0.61; 0.65) 0.28 (0.28; 0.29)

GLP-1
(ng/ml)
60 min

0.09 (0.07; 0.11) 0.44 (0.42; 0.47) 0.18 (0.17; 0.19)

GLP-1
(ng/ml)
120 min

0.08 (0.06; 0.10) 0.24 (0.22; 0.26) 0.16 (0.15; 0.16)

AUC for
GPL-1

11.17 (10.56;
11.83)

49.56 (48.03;
51.37)

23.33 (22.80;
23.76)

Patients with MO, as compared with healthy volunteers,
showed a decrease in fasting GLP-1 level (0.08 ng/ml vs. 0.16
ng/ml) and no peak increase of GLP-1 in response to oral
intake of glucose.

The basal GLP-1 levels (resp. 0.23 ng/ml vs. 0,08 ng/ml and
0.16 ng/ml) as well as GLP-1 levels stimulated at the 30th
minute (resp. 0.63 ng/ml vs. 0.12 ng/ml and 0.28 ng/ml) were
significantly higher in patients who had undergone BPD than in
obese patients and healthy volunteers (p=0.037 and p=0.022
for the 0 and the 30th minute, respectively); besides, in the
operated patients, the peak of GLP-1 secretion coincided with

the peak of IRI secretion at the 30th minute of OGTT (r=0.653,
p=0.013).

AUC of GLP-1 was significantly higher in the operated
patients (p=0.043). Also, a weak correlation was observed
between the AUC for GLP-1 and the AUC for IRI (r=0.215,
p=0.025). No significant correlation was found between the
AUC of GLP-1 and the glycemic level; it is however worth
noting that the total response (expressed in AUC) of GLP-1 and
IRI to oral carbohydrate load was more pronounced in patients
with documented hypoglycemia.

Figure 3 GLP-1 levels during OGTT.

GIP secretion
During OGTT we measured GIP levels for the three groups

(Table 5 and Figure 4).

Table 5 GIP level indexes in the groups involved in the study
(median, 25th and 75th percentiles).

Index Group 1 (МО) Group 2
(BPD/DS)

Group 3
(control)

GIP (ng/ml)
0 min 3.9 (3.7; 4.1) 2.3 (2.1; 2.4) 2.9 (2.8; 3.0)

GIP (ng/ml)
30 min 4.9 (4.6; 5.2) 3.2 (3.1; 3.3) 3.5 (3.3; 3.6)

GIP (ng/ml)
60 min 4.6 (4.4; 4.8) 2.7 (2.6; 2.8) 3.2 (3.0; 3.3)

GIP (ng/ml)
120 min 4.4 (4.0; 4.6) 2.3 (2.1; 2.4) 2.9 (2.8; 3.0)

AUC for
GIP

548.6 (505.8;
571.1)

318.0 (304.5;
334.5)

374.1 (358.3;
393.4)

The basal GIP levels (for minute 0, 3.9 ng/ml) were
significantly higher in the MO group than those for operated
patients (2.3 ng/ml) and healthy volunteers (2.9 ng/ml)
(р=0.027). In patients following BPD, fasting GIP values were
minimal, however the differences did not achieve statistical
significance (р=0.082).

In all groups, a peak increase of GIP level was observed at
the 30th minute, which fell by the 120th minute of the test; in
this case, the values of GIP for the MO group exceeded the
respective levels for both other groups at all reference points.
AUC for GIP also showed an increase in the group of patients
with morbid obesity (р=0.041).
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Figure 4 GIP levels during OGTT.

Glucagon secretion
We also evaluated glucagon secretion during the test of oral

glucose load in all three groups (Table 6 and Figure 5).

Table 6 Glucagon level indexes in the groups involved in the
study (median, 25th and 75th percentiles).

Index Group 1
(МО)

Group 2
(BPD/DS)

Group 3
(control)

Glucagon
(ng/ml)
0 min

0.25 (0.24;
0.27) 0.18 (0.17; 0.19) 0.17 (0.16; 0.17)

Glucagon
(ng/ml)
30 min

0.23 (0.21;
0.25) 0.08 (0.08; 0.08) 0.05 (0.051; 0.06)

Glucagon
(ng/ml)
60 min

0.23 (0.22;
0.25) 0.12 (0.11; 0.12) 0.10 (0.10; 0.12)

Glucagon
(ng/ml)
120 min

0.23 (0.21;
0.25) 0.15 (0.14; 0.15) 0.12 (0.12; 0.13)

AUC for
Glucagon

28.05 (26.10;
30.01)

14.82 (14.34;
15.18)

12.49 (11.97;
13.09)

The basal glucagon levels in the postsurgical and the control
groups showed no difference (respectively, 0.18 ng/ml and
0.17 ng/ml), while MO patients originally had higher glucagon
levels (0.25 ng/ml) (р=0.013). It is worth noting that hyper-
glucagonemia (as well as the increased GIP level and reduced
GLP-1 secretion) were most pronounced in people with IGT
and IFG.

During the OGTT in patients who had undergone bariatric
treatment and in the control group the suppression of
glucagon was noted at the 30th minute after oral glucose
intake (respectively, 0.08 and 0.05 ng/ml), which was followed
by a gradual increase in its level by the end of the test
(respectively, 0.15 and 0.12 ng/ml). In contrast, the MO group
of patients showed a virtually unchanged level of glucagon
during the whole observation period (р=0.076). The AUC of

glucagon in the MO group was also significantly higher
(p=0.003).

Figure 5 Glucagon levels during OGTT.

We have been unable to trace any correlation between the
levels of glucagon, IRI, GIP, or BMI in this study.

Discussion
Our study revealed a high frequency of carbohydrate

metabolism disorders in the group of patients suffering from
MO: IFG and IGT were detected in 68.2% of patients. It should
be noted that the presence of diabetes mellitus in the
patient’s history was a criterion of exclusion from this group.

Cohort studies showed that between 7.9 and 34.1% of
adults in the general population have abnormal glucose
metabolism [13-15]; among obese people, the prevalence of
IGT and/or IFG reaches 20-34% [5,16] and among those
suffering from MO it amounts to 50% [6,16,17]. To give an
example, a study conducted in Norway, which included 1,253
patients with MO aged 34 to 50 (with BMI of 40 to 48),
revealed the presence of type 2 diabetes in 31% of patients
involved, while another 24% showed borderline carbohydrate
metabolism (8% had IFG and 16% had IGT) [18].

A group of Italian scientists [6] followed 938 patients with a
BMI of 30.0 to 84.2 kg/m2 (mean age 40.2 ± 13.4 years), and
found a significantly higher incidence of changes in glucose
metabolism in obesity. All patients included in the study were
distributed into groups depending on body mass index:
moderate obesity (BMI 30-39.9 kg/m2), morbid obesity (BMI
40-49.9 kg/m2), and super-obesity (IMT ≥ 50 kg/m2). The
incidence of carbohydrate metabolism disorders and insulin
resistance increased progressively with the increase of BMI.
The newly diagnosed type 2 diabetes was found in 6.5% of
patients with moderate obesity, in 15.5% of patients in the MO
group, and 20.5% of super-obese people (p<0.0001). The
prevalence of IFG and/or IGT increased similarly: 34.3%, 41.2%
and 50.0%, respectively (p<0.0001).

The high prevalence of carbohydrate metabolism disorders
in obesity is due to insulin resistance and impaired insulin
secretion. In addition to genetic factors and direct lipotoxicity,
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impaired insulin secretion, in its turn, is due to impaired
incretin response.

GLP-1 and GIP are the main incretins that make the largest
contribution to the stimulation of postprandial insulin
secretion. In obesity, a reduction of GPL-1 level is observed
[19-22]. Besides, GLP-1 concentration is found to fall in non-
obese people if their glucose tolerance is impaired.

For example, Rask et al. [23] followed 35 men with different
body mass (from normal BMI to obesity) and different
sensitivity to insulin (measured by clamp technique) revealed a
correlation between the level of GLP-1 and insulin resistance
(r=0.47, p<0.01). Multiple linear regressions showed that
resistance to insulin, rather than obesity, was an independent
predictor of reduced GLP-1.

Muscelli et al. [20] evaluated the secretion of GLP-1 in
response to intravenous and oral administration of glucose in
51 patients with a BMI of 20 to 61 kg/m2 (of which 17 people
had IGT and 10 other suffered from type 2 diabetes mellitus).
As a result, GLP-1 concentration proved to be more reduced in
patients with type 2 diabetes as compared to individuals with
normal carbohydrate metabolism or impaired glucose
tolerance (p ≤ 0.05). Similar results were obtained if the
subjects were distributed depending on BMI (p ≤ 0.05). On the
whole, GPL-1 secretion reduction was inversely proportional to
both the glucose tolerance and to BMI (r=0.27-0.59, p ≤ 0.05).

Thus, obesity and disorders of carbohydrate metabolism
have an independent and negative effect on the production of
GLP-1.

Our study also revealed reduced GPL-1 levels in the MO
group, both basal and stimulated by oral glucose intake, which
is probably not only due to pronounced obesity, with BMI
median being 50.8 but also to the fact that most patients had
disorders of carbohydrate metabolism (50% of MO patients
had IGT and another 18.2% had IFG).

According to our findings, MO patients, as compared with
the other two groups), show an increase of basal and
postprandial GIP, which is fully consistent with the literature
sources.

For example, T Vilsbøll et al. [24]studied the production of
incretins in two meal tests (260 kcal and 520 kcal) on patients
with type 1 and type 2 diabetes mellitus, obese patients with
normal carbohydrate tolerance and the control group of
healthy individuals with normal body mass. As a result, obese
individuals had a higher basal level of GIP and a higher level of
stimulated GIP compared to the control group and patients
with diabetes mellitus. Carr et al. [19] also noted a significant
increase in postprandial levels of GIP in obesity.

It is worth noting that, in obesity, in addition to the
development of insulin resistance and changes of incretin
response, production of glucagon is impaired. It is well known
that all forms of diabetes are characterized by increased levels
of glucagon, however, obese subjects with normal
carbohydrate tolerance also develop hyper-glucagonemia
(primarily in fasting), which is regarded as an early predictor of
carbohydrate metabolism disorder [25,26].

So, Knop et al. [26] performed an oral and an intravenous
glucose test of patients with different BMI values (from normal
body weight to obesity) and different tolerance to
carbohydrates (from normal to type 2 diabetes). They found
that patients with normal body weight who had no
carbohydrate metabolism disorders had the lowest level of
glucagon, whereas the group of patients with type 2 diabetes
and obese patients with normal carbohydrate tolerance
showed an increased basal glucagon level and a noticeable
elevation thereof during OGTT.

In our study, too, the MO group of patients demonstrated
fasting hyper-glucagonemia and no reduction in the level of
glucagon after oral glucose intake.

Postoperative changes in the secretion of GLP-1 are
explained by anatomical changes in the gastrointestinal tract
as a result of bariatric surgery. After BPD and RYGB, an early
(starting from the 2 day), significant (up to 20-fold) and stable
(up to 10 years) increase of GLP-1 secretion was noted of
[27-32]. According to our findings, patients who underwent
BPD also showed higher basal and postprandial levels of GLP-1.

As a result of a more rapid delivery of nutrients to L-cells of
the ileum and additional stimulation of enteroendocrine cells
by bile discharged into the distal intestine during RYGB and
BPD, increased secretion of GLP-1 is observed, which, in its
turn, potentiates the postprandial insulin secretion, inhibits
the secretion of glucagon, slows down gastric motility, has
anorexigenic effect, thereby contributing to the improvement
of the glycemic status in patients with type 2 diabetes and
borderline disorders of carbohydrate metabolism [27,28].

The data relating to changes in the secretion of GIP after
bariatric interventions are rather contradictory. According to
some authors, there were no changes of GIP levels for 12
weeks after gastric bypass [33,34], whereas other researchers
report a reduction in the concentration of GIP in the
postoperative period [27,35], and still others [12,36] note an
increase in GIP secretion after bypass procedures.

Our findings are that GIP levels in the postsurgical group
were comparable with the control group (i.e., they were much
lower than in the MO group).

Change in GIP concentration after bypass interventions is
quite natural and is also explained by the exclusion of the
proximal small intestine–the main site of GIP synthesis from
digestion. However, a paper by Rudnicki et al. [37], which
reports a study on rats, states that the presence of bile is a
mandatory factor of GIP secretion stimulation. Thus, the
discharge of bile into the terminal portion of the small
intestine in BPD can be considered as an independent factor of
reducing the secretion of GIP in the postoperative period.

Such a change in the production of incretins, which occurs
after bypass procedures, changes the insulin response; namely,
a significant increase in the secretion of postprandial IRI is
observed and a pronounced early peak appears. Yet, the total
area under the curve for IRI mostly remains unchanged (i.e., it
corresponds to the pre-operative level), or even falls [27,31].
Our findings demonstrate a fasting hyperinsulinemia and a
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weak shifted peak of IRI secretion (by the 60th minute) in
response to oral ingestion of glucose in MO patients and
normal basal insulin values with a powerful peak increase in
the BPD group at the 30th minute.

Bariatric intervention also influences the secretion of
glucagon. It can be assumed that the recovery of sensitivity of
α-cells of the pancreas due to body weight reduction, as well
as improved sensitivity to insulin and the change of incretion
response which lead to the normalization of carbohydrate
metabolism, may be contributing to hyper-glucagonemia
leveling [28,38]. These are exactly the results obtained in our
study: glucagon secretion in the BPD/DS group was no
different from the control group of individuals with normal
body mass.

It should be noted that the restoration of insulin sensitivity
combined with hypersecretion of GLP-1 and IRI, observed after
bypass procedures, may in some cases promote postprandial
hypoglycemic conditions [39,40]. Goldfine [41] demonstrated a
significant increase in GLP-1 level in patients after GBP as
compared with the control group of patients with obesity. In
contrast to that, patients with symptoms of neuroglucopenia
who underwent GBP showed much higher levels of GLP-1,
insulin, and C-peptide.

In our study, 4 out of 23 patients were identified with
hypoglycemia (of less than 2.8 mmol/l) at the 120th minute of
OGTT, which in only one case was accompanied by adrenergic
symptoms. Other cases of hypoglycemia remained
asymptomatic. It should be added that all patients with
postprandial hypoglycemia displayed hypersecretion of GLP-1
and IRI, as well as a reduced level of glucagon. Asymptomatic
hypoglycemia in patients following GBP was also confirmed by
other researchers, the incidence of asymptomatic
hypoglycemia in this category of patients varied from 12 to
33% [32,41-48].

It can thus be concluded that the results of our study
confirm the change in incretin response (first of all, the
reduction of GLP-1 secretion) and elevated glucagon levels in
MO patients, which may probably be regarded as early
predictors of carbohydrate metabolism disorders.

Improvement in carbohydrate metabolism after bariatric
bypass surgery is not only due to body mass loss, but also to a
change in the production of incretins, which in some cases can
provoke the development of a hypoglycemic condition.

Based on these data we conclude that all patients who had
undergone bariatric surgery require lifelong postoperative
monitoring not only for the prevention and treatment of
metabolic disorders associated with malabsorption syndrome,
but also for the timely diagnosis and correction of possible
hypoglycemia.

Conclusion
1) Morbid obesity is characterized by a high incidence of

carbohydrate metabolism disorders: among patients who do
not have type 2 diabetes, IGT and IFG are identified in 68.2% of
cases.

2) Impaired regulation of carbohydrate metabolism in
morbid obesity is characterized by basal hyperinsulinemia
hyper-glucagonemia, increased levels of GIP and reduced
secretion of GLP-1.

3) In patients who underwent BPD, the secretion of GLP-1
and IRI in response to the oral intake of glucose is significantly
increased, which is the cause of the high risk of postprandial
hypoglycemias.
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