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Abstract: Diabetes mellitus is one of the most common diseases of the endocrine system that is encountered in the practice
of any doctor in any specialty. Some features of type 2 diabetes are: a slow progressive development and a mild clinical picture
in the early stages of the development of the disease. The main goal of diabetes treatment is to prevent the development of late
complications that reduce the quality of life of patients, leading to their early disability and death. Despite the increase in the
number of antihyperglycemic drugs in the pharmaceutical industry, we are still not successful enough to achieve good
glycemic control. In addition, achieving good glycemic control does not always prevent macrovascular complications in
patients with diabetes mellitus. The article presents the results of two studies. The first study examined the diurnal fluctuations
in blood glucose levels during therapy with type 4 dipeptidyl peptidase inhibitor Sitagliptin, as well as its effect on oxidative
stress markers in comparison with MV gliclazide. The second study examined the role of sitagliptin in the correction of
disorders of fat metabolism.
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1. Introduction
Type 2 diabetes is a severe and progressive disease
associated with the development of micro and macrovascular
complications, characterized by the presence of two
fundamental pathophysiological defects: insulin resistance
and dysfunction of β-cells. The close relationship between
the epidemics of type 2 diabetes mellitus and of obesity
requires the study of adipose tissue as an endocrine organ
that plays an important role in the development of metabolic
health problems in patients with obesity. Excessive
accumulation of visceral adipose tissue leads to an imbalance
of adipokines and lipid metabolism that contributes to the
development and progression of insulin resistance diabetes.
The main task of diabetes treatment is to prevent the
development of late complications, which decrease the

quality of patients’ life, lead to early disability, as well as
death. In this regard, the question arises as to why we are not
as successful in achieving good glycemic control, despite the
increase in the number of antidiabetic drugs on the
pharmaceutical industry. The attitude to the standard
indicators of carbohydrate metabolism (glycated hemoglobin
(HbA1c), fasting blood glucose level (FBGL), postprandial
glucose level (PPGL) was reviewed with the advent of
modern systems of daily continuous glucose monitoring
(CGMS). Attention is paid to the severity of blood sugar
levels oscillations during the day, especially after meals, as a
factor leading to the progression of diabetes complications.
[1] A number of studies have shown no correlation between
the HbA1c level and the PPGL span after eating, while
HbA1c was less than 7%, but PPGL could rise to 9 mmol / l
[2]. It has been established that the progression of diabetes
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complications is affected not only by hyperglycemia, but also
by activation of oxidative stress (OS), which is more
dependent on the variability of blood sugar level [3].
There are favorable conditions that initiate the OS in diabetes:
increases the concentration of glucose and lipids (the main
oxidation substrates) decreases the endogenous antioxidants
activity (superoxide dismutase - SOD, glutathione, etc.). These
processes trigger the mechanism of damage and death of the
pancreatic β-cells. Most of free radicals are reactive oxygen
compounds. During the oxidation of glucose reactive oxygen
forms (ROS) are formed: superoxide, hydroperoxide, as well as
nitric oxide, peroxynitrite, and nitrogen. At the same time, the
antioxidant capacity is reduced. The formation of ROS occurs in
each tissue; however, there are also antioxidant enzymes that
neutralize the action of the ROS. The main antioxidants are
glutathione, SOD, glutathione peroxidase (GP) and catalase.
Hyperglycemia triggers glycosylation and inactivation of
antioxidants. Decreased SOD and glutathione levels are markers
of chronic OS [4].
It has been proven that antioxidant level in β-cells are
significantly lower than in other tissues in clinical studies. In
the islets of Langerhans, the expression level of antioxidant
genes is reduced, and GP is practically absent. In conditions
of hyperglycemia and OS, the pancreas becomes less
protected than other tissues [5].
The development of diabetes complications is
accompanied by a trend towards increased ROS production
and activation of lipid peroxidation [6].
According to modern concepts, in the pathogenesis of DM
2, in addition to IR and impaired insulin secretion, an
important role is played by abnormalities related to the
"incretin effect", which led to the creation of the class of
dipeptidyl peptidase-4 inhibitors (iDPP-4). The advantage of
this class is the restoration of the physiological concentration
of glucagon-like peptide-1 (GLP-1). Due to the physiological
mechanism of action, the use of drugs of this class is
associated with a low risk of hypoglycemia. It should be
noted that therapy with DPP-4 inhibitors, along with
glycemic ones, also has favorable non-glycemic effects, such
as: a positive effect on body weight (BW), lipid profile,
blood pressure (BP) [7-10].
Our article presents 2 studies that investigates the glycemic
and non-glycemic effects of sitagliptin, an inhibitor of DPP4. The first study is devoted to the study of glycemia
variability and oxidative stress on the background of
combination therapy in patients with type 2 diabetes.
The aim of our study was to evaluate the effect of the
intensification of glucose-lowering therapy on carbohydrate
metabolism, as well as the variability of blood sugar level in
patients with type 2 diabetes receiving a monotherapy of
metformin at the beginning, and 3 months after
intensification of therapy.
Research protocols were approved by the expert
commission of therapeutic faculty of the State-Funded
Educational Institution "Russian Medical Academy of
Postgraduate Education" of the Ministry of Health of Russia
on issues of medical ethics 29.10.2014 and 14.11.2013).

2. Materials and Methods
The study included 51 patients with diabetes type 2, aged
from 35 to 75 years (58.06±8.33 years), the average disease
duration was 5.56±4.06 years. All patients received glucoselowering therapy with metformin at maximum doses (1000
mg 2 times a day), but the target parameters of the glycemic
control were not reached (the average HbA1c level in the
enrolled patients was 7.92±0.47%).
Patients who met the inclusion criteria (age 35–75 years,
confirmed diagnosis of diabetes type 2, stable dose of
metformin 2000 mg / day for at least 3 months prior to the
screening visit, HbA1c level 7.5–10%), were randomized
into 2 groups: 1st group — 25 patients who received 4-type
dipeptidyl peptidase inhibitor -sitagliptin 100 mg / day as
intensification therapy; 2nd group — 26 patients whose
therapy was intensified by the gliclazide MB 60 mg / day.
2.1. Carbohydrate Metabolism
Indicators of carbohydrate metabolism were examined at
the beginning and after 3 months of treatment, CGMS was
done, as well as the study of the antioxidant status (AOS) by
determining the total antioxidant ability of blood plasma.
The blood glucose level was monitored using the iPro2
device (Medtronic, USA) using the original Enlite sensor for
72 hours. The calculation of the blood glucose level
variability was performed using the EasyGV calculator. The
average amplitude of blood glucose level oscillations (mean
amplitude of glycemic excursion - MAGE), standard
deviation (SD), lability index - LI, LBGI - the index of the
risk of hypoglycemia, HBGI - the index of the risk of
hyperglycemia and J-index - determined quality control of
blood glucose level.
2.2. Oxidative Stress
The AOS was assessed according to the total antioxidant
ability of blood plasma indicator using Randox (Great
Britain) reagents on a Konelab 20 biochemical analyzer
(Thermo Fisher Scientific, Finland). The normal level of total
antioxidants in plasma is 1.5-2.8 mmol / l.
The Mann – Whitney test was used to compare the
quantitative indicators of the two groups. The obtained data
were processed in the program Statistica 10.

3. Results
The results of the study at the beginning and 12 weeks
after the intensification of therapy are presented in the table
1. A significant decrease of FBGL was recorded in the 1st
group compared to that at the beginning of treatment. In the
2nd group, FBGL decreased by 13% compared with that at
the beginning of treatment, but the difference did not reach
statistical significance. There was a significant decrease in
PPGL in both groups at the end of the study compared with
at the beginning of treatment, but in the 1st group it was
closer to physiological values. HbA1c levels decreased
significantly in both groups.
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MAGE in the 1st group significantly decreased after
adding sitagliptin (p<0.001). In the 2nd group, this indicator
tended to decrease by 0.28 mmol / l (p = 0.07). The
intergroup difference was significant, indicating a positive
effect of the addition of sitagliptin on changes in the
variability of glycaemia. In both groups, a significant
decrease in SD was recorded by 26% in the 1st group and by
38% in the 2nd group.
Indexes of risks for the development of hyper- and
hypoglycemia were calculated, which showed a number of
tendencies: LI significantly increased in the 2nd group, Jindex reliably decreased in the intensification group of the
sitagliptin, reaching the indicator of ideal glycemic control -
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18.10 (mmol / l), significantly increased LBGI in both
groups. HBGI significantly decreased in the 1st group, while
in the 2nd group a significant increase in this indicator was
shown.
According to the results of the analysis of the glucose
variability, the levels of HBGI, LBGI, and MAG varied
within the limits of values in persons without type 2 diabetes
[11].
At the beginning of the study, the level of total antioxidant
ability of blood plasma was comparable in both groups. 12
weeks after the correction of therapy, a significant increase in
this indicator was observed in both groups (p<0.05).

Table 1. Research results.
st

Parameter
Glycemic control
FGP, mmol\l
start
week 12
PPG, mmol\l
start
week 12
HbA1c, %
start
week 12
Glucose variability
MAGE, mmol\l
start
week 12
SD, mmol\l
start
week 12
LI
start
week 12
J index, (mmol\l)² /h
start
week 12
LBGI
start
week 12
HBGI
start
week 12
MAG, mmol\l *h
start
week 12
Oxidative status, mmol\l
start
week 12

1 group (n=25)
M±SD

P vs. start

2nd group (n=26)
M±SD
P vs. start

7,78±2,36
6,03±0,88

<0,001

7,80±1,93
6,76±0,85

0,16

0,003

9,84±2,39
7,21±1,00

<0,001

10,03±1,99
8,03±1,32

<0,001

0,05

7,91±0,44
6,42±0,69

<0,001

7,93±0,50
6,54±0,73

<0,001

0,56

3,05±1,10
2,26±0,68

0,001

3,11±0,68
2,83±0,77

0,07

<0,01

1,46±0,68
1,08±0,41

0,09

1,60±0,71
1,99±0,92

0,07

<0,001

1,33±0,81
1,05±0,51

0,42

1,46±0,78
1,85±0,71

<0,001

<0,001

26,55±11,60
18,10±7,56

<0,001

27,21±13,67
37,80±12,82

<0,001

<0,001

0,81±0,86
1,15±0,79

0,005

0,95±0,77
2,02±0,97

<0,001

<0,001

3,22±2,90
1,76±2,14

0,01

3,49±2,50
4,54±3,20

0,01

<0,001

1,09±0,28
1,06±0,71

0,04

1,20±0,45
1,38±0,37

0,10

0,02

1,87±0,24
2,39±0,63

<0,001

1,89±0,27
2,25±0,60

0,03

0,03

4. Тhe Effect of Dipeptidyl Peptidase-4
Inhibitors on Fat Metabolism
In another study, we conducted a comprehensive study of
fat metabolism, with visualization of fat dynamics,
assessment of adipocytokine-adiponectin and leptin secretion
during therapy with IDPP-4 (sitagliptin) combined with
metformin for carbohydrate and fat metabolism in patients
with type 2 diabetes and obesity.

Р 1st vs. 2nd group

4.1. Materials and Methods
The study included 82 patients with type 2 diabetes with
excessive body weight of varying severity, dyslipidemia, not
taking lipid-lowering therapy, who did not reach the target
levels of HbA1c on metformin monotherapy and dietary
treatment. The average age of the patients was 55.3±9.1
years. Group I included 42 patients with type 2 diabetes and
obesity on combination therapy with metformin 2000 mg /
day + Sitagliptin 100 mg / day. Before entering the study
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patients in this group received monotherapy with metformin
at a dose of 1500-2000 mg / day. Group II included 40
patients on metformin alone at a dose of 2000 mg / day.
Before entering the study, patients were on dietary treatment.
All patients were overweight and obese.
4.2. Results
According to the data obtained, after 24 weeks during
combination therapy with sitagliptin and metformin, there
was a significant decrease in HbA1c levels on average by
1.63±1.31% (18,52%), p<0.001. Body weight (BW)
decreased by 4.97±3.22 kg (5.2%), p<0.001, waist
circumference (WC) decreased by 6.52±4.71 cm (5.88%),
p<0.001 The analysis of the lipid profile showed significant
positive dynamics of TC, HDL and Apo B in both groups.
The only difference between groups was in HDL and TG
dynamics. MRI visualization of visceral fat dynamics
demonstrated positive fat redistribution by lowering VFA by
20.62±13.54 cm2 (7.52%), р<0.001. On Sitagliptin and
Metformin therapy a more marked decrease in leptin level by
7.37±5.69 ng/ml (30.47%), р<0.001 was registered. After 6
months of therapy a more marked adiponectin level increase
by 1.95±1.53 µg/mL (27.06%), р<0.001. Data from the
analysis of pancreatic β-cells function condition have certain
scientific and practical interest. For instance, in Sitagliptin
and Metformin combined therapy group, a significant
increase in HOMA-β index by 23.4±22.6 relative units
(33.06%), р<0.0001 [12-14].

5. Discussion
The results of study indicate satisfactory glycemic control
in both treatment groups for the parameter HbA1c. The
FBGL reached the target level only in the 1st group.
However in the 1st group (metformin + sitagliptin) MAGE
significantly approached the level of this indicator in healthy
people. In the 2nd group (metformin + gliclazide MB), this
parameter did not significantly changed (2.83 mmol / l). It
should be noted that the criterion of high variability is the
MAGE>3, 9 mmol/l [15].
LBGI significantly increased in both groups, however
LBGI was at an average level of indicators of persons
without diabetes.
The level of total antioxidants in both groups has
undergone changes in the direction of increasing of total
antioxidant ability of blood plasma. There were no
pronounced intergroup differences in this parameter. In
previous studies with gliclazide MB, noted an increase in
antioxidant activity, and authors attributed this fact to the
presence of a ring structure in the drug molecule, an
aminoazobicyclooctane group that acts as a free radical
neutralizer [16].
In our study, it can be concluded that the glycemic control
and OSA are more closely related. This positive correlation
between improving glycemic control and increasing the body
antioxidant ability is comparable with the results of other
studies.

According to the study investigates the effect of Sitagliptin
in data received, after 24 weeks, the positive dynamics of
HbA1c was followed by a significant decrease in mean
fasting glycemia and postprandial glycemia in group. An
important advantage in our study was that, despite the
common belief about the neutral effect that DPP-4 inhibitors
have on weight, we demonstrated that with the addition of
sitagliptin to metformin, there was a more marked weight
loss and decrease of BMI and visceral fat depot. What was a
"pure" contribution of DPP-4 inhibitor + metformin
combination, and what was due to lifestyle changes in both
groups could not be determined in this work, therefore
further prospective studies including quantitative calculation
of energy inputs are required. The study of adipokine status,
specifically leptin and adiponectin, was of particular interest.
During increased energy intake exceeding the body's
requirements, the leptin level increases, which prevents
further food consumption and increases energy expenditure,
and that leads to negative energy balance and rebalancing of
energy. In our work, on a background of combined Sitagliptin
and Metformin therapy, the leptin level was reduced by
30.47%. We associate decrease in leptin level with weight
loss as a decrease in the amount of fat. In both study groups
the initial adiponectin levels were lower than reference
values. After 24 weeks of therapy, adiponectin content in
blood increased by 27.06% in the group receiving sitagliptin
and metformin combination. In our study, an increase of
adiponectin is most likely associated with a decrease of body
weight and VFA, according to the data of the correlation
analysis. However, there are publications which make it
known that GLP-1 promotes an increase in adiponectin level
[17, 18], the Sitagliptin therapy was followed by increase in
adiponectin level [19, 20]. In addition, the study showed a
significant improvement in the functional activity of
pancreatic β-cells against combined sitagliptin and metformin
therapy, which was confirmed by an increase in the HOMA-β
index and a decrease in the ratio of proinsulin/insulin. A
possible mechanism for improving the function of β-cells can
be a decrease in lipotoxicity, against a background of a
decrease in the level of TG inhibiting β cells function.

6. Conclusion
Despite a significant change in AOS in both groups after
intensification of therapy, one can individualize the approach
to the treatment of type 2 diabetes, taking into account the
available data of daily monitoring for more effective
treatment and reducing the progression of diabetes
complications.
The work demonstrated the important role of correction of
fat metabolism disorders in improving glycemic control in
patients with diabetes and obesity. Regression of visceral fat
according to the MRI results was accompanied by the
recovery of levels of adipokine hormones, which led to an
improvement in the parameters of carbohydrate and fat
metabolism. Contrary to common belief, we consider
Sitagliptin as a drug that promotes weight loss. The work
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demonstrates that ultimately it is the reduction of the visceral
depot that plays a key role in the correction of carbohydrate
metabolism disorders. The parameters of the lipid profile and
glycemic control are significantly improved as the
pathogenetic effect on patient’s body weight as well as on the
structure of its adipose tissue. Recovery of such indicators as
HOMA-IR and HOMA-β proves the possibility of disease
management by correcting disorders of fat metabolism in
patients with T2D and obesity in the early stages
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