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ABSTRACT

Objective: To study the effects of vitagliptin combined with metformin on glucose metabolism, insulin resistance, and
hemorheology in patients with type 2 diabetes.

Methods: We randomly selected 104 patients diagnosed with type 2 diabetes in our hospital and divided them into a control
group (52 cases) and an experimental group (52 cases) with different treatment schemes. Patients in the control group were treated
orally with metformin hydrochloride tablets, with doses of 0.5 g administered three times per day. Patients in the experimental group
were treated with vitagliptin on the basis of the control group with twice-daily doses of 50 mg. The T2DM patients in both groups were
treated continuously for three months. The effects and adverse reactions after treatment in the two groups of patients were observed and
analyzed, and we compared the glucose metabolism indicators [fasting blood glucose (FBG), postprandial 2 h blood glucose (2hPG),
and glycated hemoglobin (HbAlc)], islet 3-cell function indicators [fasting C-peptide, postprandial 2hC-peptide content and steady-
state model insulin secretion index (HOMA-f3), and insulin resistance index (HOMA-IR)] and hemorheology indicators [whole blood
viscosity (high-cut), whole blood viscosity (medium-cut), whole blood viscosity (low-cut), plasma viscosity, and hematocrit] before and
after treatment in the two groups.

Results: The total effective rate of the experimental group was 94.23%, which was significantly higher than that of the control
group (80.77%) (P<0.05). After treatment, the levels of FBG, 2hPG, and HbAIc in the two groups were significantly lower than before
treatment; in the experimental group, the levels of FBG, 2hPG, and HbAlc were significantly lower than those in the control group
(P<0.05). The fasting C-peptide and postprandial 2hC-peptide content were not significantly different from those before treatment
(P>0.05). In both groups, HOMA-3 was significantly higher after treatment, while HOMA-IR was significantly lower after treatment
(P<0.05); HOMA-f3 was significantly higher in the experimental group than in the control group (P<0.05). There was no significant
difference in HOMA-IR between the two groups (P>0.05). The whole blood viscosity (high-cut), whole blood viscosity (medium-cut),
whole blood viscosity (low-cut), and plasma viscosity and hematocrit of the two groups of patients after treatment were significantly
lower than before treatment, and those in the experimental group were significantly lower than the control group. No significant
adverse reactions occurred in T2DM patients in both groups.

Conclusion: Vitagliptin combined with metformin is effective in treating patients with T2DM with no significant adverse
reactions, and can control blood glucose levels effectively, promote islet B-cell function recovery, and improve blood viscosity and
blood flow velocity in patients with T2DM.
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Introduction quality of life, population aging, living habits, and

diagnostic technologies. This trend is especial-

Type 2 diabetes (T2DM) is the most common
type of diabetes, which refers to endocrine and met-
abolic diseases that are characterized by chronic
hyperglycemia due to abnormal insulin secretion or
dysfunction”. The current number of T2DM cases
increases rapidly with the development of human

ly strong in developing countries, where cases are
expected to increase to 170% by 2025, becoming
the third-most serious non-communicable disease
that threatens people’s life and health®?. The ear-
ly stages of the onset are mainly characterized by
insulin resistance and hyperinsulinemia but no hy-
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perglycemia. As the disease progresses, the patient’s
compensation mechanism becomes abnormal, which
leads to T2DM, eventually leading to many compli-
cations and severely injuring the patient’s life and
health®®. Patients with T2DM should be given diet
control supplemented by proper exercise to reduce
blood glucose concentration. If the therapeutic effect
does not reach the expected target, oral hypoglyce-
mic drugs or insulin can be used®. However, these
drugs are not ideal for the reduction of islet [3-cells
and islet dysfunction in T2DM patients and are
likely to cause many adverse reactions such as low
blood-sugar levels and gastrointestinal reactions.
Therefore, exploring drugs that can effectively con-
trol blood glucose levels and alleviate the patient’s
condition is one of the primary directions that clini-
cal staff are currently exploring®”.

Metformin is the first drug to treat patients with
T2DM. Vitagliptin is a dipeptidyl peptidase-4 inhib-
itor that plays a powerful role in lowering blood sug-
ar because of its unique mechanism of action. The
drug has no side effects such as severe hypoglyce-
mia and weight gain and has thus become a new op-
tion for treating T2DM®*. In this study, we treated
patients with T2DM with vitagliptin combined with
metformin to study the effects on glucose metabo-
lism, insulin resistance, and hemorheology.

Materials and methods

General data

We randomly selected 104 patients diagnosed
with T2DM in our hospital from December 2016 to
March 2018. The inclusion criteria were as follows:

* patients who met the diagnostic criteria for
T2DM in the “Guidelines for the Diagnosis and
Treatment of Type 2 Diabetes in China” formulated
in 2013;

* patients aged 18 to 75 years;

* patients whose blood pressure maintained a
normal level for the past three months;

* patients who were diagnosed as T2DM for the
first time;

* patients who signed informed consent;

* this study was approved by the hospital ethics
committee.

Exclusion criteria:

* those who dropped out of treatment due to in-
tolerance;

* patients with type 1 diabetes;

* patients with a diabetic foot. The 104 patients
with T2DM selected by these criteria were divided

into a control group (52 cases) and an experimental
group (52 cases) with different treatment schemes.

There were 32 males and 20 females in the
control group, with an average age of 56.43 + 6.89
years, and 28 males and 24 females in the experi-
mental group with an average age of 57.23 + 5.99
years. There was no significant difference in gener-
al data between the two groups of T2DM patients
(P>0.05).

Methods

T2DM patients in both groups controlled their
diets and exercised appropriately. Patients in the con-
trol group were treated with metformin hydrochlo-
ride tablets (specification: 0.5 g/tablet, Sinopharm:
H20181986, produced by Beijing Wanhui Shuang-
he Pharmaceutical Co., Ltd.) orally, 0.5g each time,
three times a day. Patients in the experimental group
were treated with vitagliptin (specification: 50 mg/
tablet, Sinopharm: H20180023, produced by No-
vartisPharmaSteinAG) based on the control group,
50mg each time, twice daily. The T2DM patients
in both groups were treated continuously for three
months.

Fasting venous blood and 2 h postprandial ve-
nous blood were collected from the two groups of
T2DM patients one day before treatment and three
months after treatment. After centrifugation, the
blood samples were stored in a low-temperature re-
frigerator for testing.

Observation indicators

* Compare the total effective rate of T2DM pa-
tients in the two groups. Significant effect: normal
blood glucose level or body mass index (BMI) at
20~25 kg'm-2; effective: control blood glucose level
within the normal range or BMI at 25~28 kg-m-2 for
more than 3/4 time; invalid: increased blood glucose
level or BMI>28 kg-m?. Total effective rate = (sig-
nificant effect + effective) / total number of observa-
tions x 100%.

e Fasting blood glucose (FBG) and 2 h post-
prandial blood glucose (2hPG) were measured by
the hexokinase method in two groups of T2DM pa-
tients; the immunosuppressive turbidimetric method
was used to determine glycation in the two groups of
T2DM patients’ hemoglobin (HbAlc) levels.

* The chemiluminescence method was used to
determine the fasting C-peptide and 2hC-peptide
content of T2DM patients in the two groups.

* We calculated the insulin secretion index [3
(HOMA-B) = 20 x Fasting insulin (FINS) / (FBG-
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3.5) and the insulin resistance index (HOMA-IR) =
FBG x FINS /22.5.

* Whole blood viscosity (high-cut), whole
blood viscosity (medium-cut), whole blood viscos-
ity (low-cut), plasma viscosity, and hematocrit of
the two groups of T2DM patients were tested by a
hemorheology tester.

* We closely observed the patients’ health dur-
ing the treatment and recorded adverse reactions
during this period.

Statistical methods

The data of the experimental group and the
control group were analyzed using the SPSS 22.0
software package. The treatment effects and adverse
reactions of the two groups were tested by > and
expressed as [n (%)]. The glucose metabolism indi-
cators and islet $-cell function indicators of the two
groups were tested with a t-test (x"xs). P<0.05 was
considered a significant difference.

Results

Comparison of the efficacy of T2DM patients
in the two groups

The total effective rate of the experimental
group was 94.23%, which was significantly higher
than that of the control group (80.77%) (P <0.05).
See Table 1.

Groups n Significant effect Effective Invalid

Total effective rate

Control group 52 24(46.15) 18(34.62) 10(19.23) 42(80.77)

HOMA-f3 in the experimental group was signif-
icantly higher than in the control group (P<0.05).
There was no significant difference in HOMA-IR
between the experimental group and the control
group (P>0.05). See Table 3.

Groups n Time FBG (mmol/L) 2hPG (mmol/L) HbAlc (%)

Before treatment 9.49£1.76 13.87+2.56 8.34+1.67

Control group 52
After treatment 7.08+1.89° 9.09+2.45° 721£1.19°

Before treatment 9.46+1.80 13.96+2.76 8.31+1.56

al group | 52

After treatment 5.89+1.51" 7.39+1.337 623123

Table 2: Comparison of glucose metabolism indexes
between two groups of T2DM patients (X +s).

Note: * means P <0.05 compared to the pre-treatment value; #
means P <0.05 compared with the control group.

Fasting C-peptide | Postprandial 2hC-peptide

(ng/mL) (ng/mL) HOMA-f HOMA-IR

Groups n Time

Before treatment 1.8820.98 467131 31.05£6.09 3.89£1.17

Control group 52
191102 471£128 50.56+7.98 33240.98"

1.8421.00 4.65+1.41 30.23£6.13 3.861.28

group | 52

After treatment 2.02+0.99 5.12+1.56 60.23+10.24° 321+1.04°

Table 3: Comparison of islet 3-cell function indicators
between two groups of T2DM patients (X +s).
Note: * means P <0.05 compared with the pre-treatment value;
# means P <0.05 compared with the control group.

Comparison of hemorheology indicators of
T2DM patients between two groups

After treatment, the blood viscosity (high-cut),
blood viscosity (medium-cut), blood viscosity (low-
cut), and plasma viscosity and hematocrit of the two
groups were significantly lower than before treat-
ment; those in the experimental group were signif-
icantly lower than those in the control group. See
Table 4.

Experimental group 52 30(7.69) 19(36.54) 3677 49(94.23)

% 4308

Table 1: Comparison of efficacy between two groups of
T2DM patients [n (%)].

Comparison of glucose metabolism indica-
tors in T2DM patients between the two groups

After treatment, the levels of FBG, 2hPG and
HbAlc in the two groups were significantly lower
than before treatment; in the experimental group,
the levels of FBG, 2hPG, and HbAlc were sig-
nificantly lower than those in the control group (P
<0.05). See Table 2.

Comparison of islet f3-cell function indica-
tors between the two groups

After treatment, the contents of fasting C-pep-
tide and postprandial 2hC-peptide were not sig-
nificantly different from those before treatment
(P>0.05). In both groups, HOMA-f was significant-
ly higher than before treatment, and HOMA-IR was
significantly lower than before treatment (P <0.05);

Control group Experimental group

Indicators

Before treatment After treatment Before treatment After treatment

ity (high-cut) 5.90+1.30 543£123" 593132 4971.14"

Blood viscosity (medium-cut) 9.19+2.89 8.80+2.27 9.23+2.86 8.2432.16"

Blood viscosity (low-cut) 12.86+3.37 11.57+2.48" 12.9413.42 10342239

Plasma viscosity 1.800.48 1.65+0.43" 1.84x0.47 1.49£0.38°

Hematocrit (%) 45.72+5.60 38.02+4.92" 45.89+5.78 27.80+4.44°%

Table 4: Comparison of hemorheological indicators
between two groups of T2DM patients (X +s).

Note: * means P <0.05 compared to the pre-treatment value; #
means P <0.05 compared with control group.

Comparison of adverse reactions in T2DM
patients between the two groups

No significant adverse reactions occurred in
T2DM patients in either group.

Discussion

Islet P-cell dysfunction and insulin resist-
ance play an important role in the rapid progress
of T2DM. Therefore, the timely restoration of is-
let 3-cell function is the key to maintaining normal
blood glucose levels. Although biguanide and sul-
fonylurea drugs can reduce blood glucose to a cer-
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tain extent, they cannot prevent islet 3-cell function
from declining fundamentally. This decline causes
unstable blood glucose levels and eventually leads
to complications such as diabetic nephropathy and
diabetic foot*!V.

Metformin is a first-line drug for the treatment
of T2DM that can be applied to patients with early
diabetes and lower blood glucose levels in a short
time but cannot inhibit the decline of islet B-cell
function. If used in large doses, the drug can cause a
variety of adverse reactions"'?. Vitagliptin can bind
to the dipeptidyl peptidase-4 enzyme to inhibit the
activity of the enzyme and block the degradation
of glucagon-like peptide-1, leading to an increase
in endogenous glucagon-like peptide levels and
biological activity. The drug thus promotes the re-
covery of islet 3-cell function and ultimately plays
a role in controlling blood glucose!'?. Some stud-
ies have shown that the levels of FBG, 2hPG, and
HbAlc in T2DM patients are significantly reduced
after treatment with vitagliptin¥.

Clinical studies have confirmed that vitaglip-
tin can cooperate with metformin to promote insu-
lin secretion, thereby improving insulin resistance
and promoting islet f function recovery. Previous
studies have indicated that T2DM patients tolerate
vitagliptin combined with metformin, which may be
related to the inhibition of dipeptidyl peptidase-4 by
vitagliptin?.

The total effective rate of the experimental group
was 94.23%, which was significantly higher than
that of the control group (80.77%). No significant
adverse reactions occurred in T2DM patients in
both groups. This showed that the combined use of
the two drugs was better than a single drug, which
significantly improved the clinical efficacy and the
clinical symptoms, and the patients did not have ob-
vious adverse reactions and had higher safety. After
treatment, the levels of FBG, 2hPG, and HbAlc in
the two groups were significantly lower than before
treatment; those in the experimental group were sig-
nificantly lower than in the control group (P<0.05).

This suggested that vitagliptin combined with
metformin can effectively control blood glucose
levels in patients with T2DM, in addition to reduc-
ing the incidence of blood glucose. The contents
of fasting C-peptide and postprandial 2hC-peptide
were not significantly different from those before
treatment (P>0.05). In both groups, HOMA-f} was
significantly higher than before treatment, and HO-
MA-IR was significantly lower than before treat-
ment (P<0.05); HOMA-f in the experimental group

was significantly higher than that in the control
group (P<0.05). There was no significant difference
in HOMA-IR between the experimental group and
the control group (P>0.05). This showed that vitag-
liptin combined with metformin could promote islet
[ function recovery and improve insulin resistance
in a short time.

However, the fasting C-peptide and 2hC-pep-
tide levels of the two groups of patients did not
improve significantly, which may be related to the
study’s relatively small sample size and short mon-
itoring time. After treatment, the blood viscosity
(high-cut), blood viscosity (medium-cut), blood
viscosity (low-cut), plasma viscosity, and hemat-
ocrit of the two groups of patients were significant-
ly lower than before treatment; those in the exper-
imental group were significantly lower than those
in the control group. This indicated that vitagliptin
combined with metformin can significantly improve
the blood viscosity and increase the hemorheology
of patients.

All in all, vitagliptin combined with metformin
is ideal in treating T2DM patients with no signifi-
cant adverse reactions, and can effectively control
blood glucose levels, promote the recovery of islet
[-cell function, and improve blood viscosity and
blood flow velocity in T2DM patients.

References

1) Wan JY, Cataby C, Liem A, Jeffrey E, Norden-Krichmar
TM, et al. Evidence for gene-smoking interactions for
hearing loss and deafness in Japanese American fami-
lies. Hear Res 2019; 387: 107875.

2) Rawshani A, Sattar N, Franzén S, Rawshani A, Hatter-
sley AT, et al. Excess mortality and cardiovascular dis-
ease in young adults with type 1 diabetes in relation to
age at onset: a nationwide, register-based cohort study.
Lancet 2018; 392: 477-486.

3) Zhao L, Zhang F, Ding X, Wu G, Lam YY, et al. Gut
bacteria selectively promoted by dietary fibers alleviate
type 2 diabetes. Science 2018; 359: 1151-1156.

4) Czech MP. Insulin action and resistance in obesity and
type 2 diabetes. Nat Med 2017; 23: 804-814.

5) Molinaro A, Wahlstrom A, Marschall HU. Role of Bile
Acids in Metabolic Control. Trends Endocrinol Metab
2018;29: 31-41.

6) Palmer JR, Castro-Webb N, Bertrand KA, Bethea TN,
Rosenberg L. Abstract 5286: Type 2 diabetes and in-
creased risk of estrogen receptor-negative breast can-
cer in African American women. Cancer Res 2017; 77:
5286.

7 Francois ME, Pistawka KJ, Halperin FA, Little JP. Car-
diovascular benefits of combined interval training and
post-exercise nutrition in type 2 diabetes. J Diabetes
Complications 2018; 32: 226-233.



Effects of Vitagliptin Combined with Metformin on Glucose Metabolism, Insulin Resistance... 799

8) Zawiejska A, Wender-Ozegowska E, Grewling-Szmit
K, Brazert M, Brazert J. Short-term antidiabetic treat-
ment with insulin or metformin has a similar impact
on the components of metabolic syndrome in women
with gestational diabetes mellitus requiring antidiabet-
ic agents: results of a prospective, randomised study. J
Physiol Pharmacol 2016; 67: 227-233.

9) Bhaskarabhatla A, Chatterjee C, Anurag P, Pennings E.
Mitigating regulatory impact: the case of partial price
controls on metformin in India. Health Policy Plan
2017; 32: 194-204.

10) Pablo A. New IDF clinical practice recommendations
for managing type 2 diabetes in primary care. Diabetes
Res Clin Pract 2017; 132: 169-170.

11) Mahajan A, Wessel J, Willems SM, Zhao W, Robertson
NR, et al. Refining the accuracy of validated target iden-
tification through coding variant fine-mapping in type 2
diabetes. Nat Genet 2018; 50: 559-571.

12) de la Cuesta-Zuluaga J, Mueller NT, Corrales-Agudelo
V, Veldsquez-Mejia EP, Carmona JA, et al. Metformin
Is Associated with Higher Relative Abundance of Mu-
cin-Degrading Akkermansia muciniphila and Several
Short-Chain Fatty Acid-Producing Microbiota in the
Gut. Diabetes Care 2017; 40: 54-62.

13) Pang YP, Nie J, Xiong JF. The effect of wiggletin com-
bined with insulin on the biochemical indexes of elderly
patients with type 2 diabetic nephropathy. Chin J Prev
Control Chronic Dis 2018; 26: 74-77.

14) Edelman SV, Polonsky WH. Response to Comment on
Edelman and Polonsky. Type 2 Diabetes in the Real
World: The Elusive Nature of Glycemic Control. Diabe-
tes Care 2017; 40: 1425-1432. Diabetes Care 2018; 41:
18-21.

15) Feng Y. The effect of weigliptin combined with met-
formin on newly diagnosed type 2 diabetes mellitus.
Med Innov China 2019; 16: 110-113.

Corresponding Author:
TiELIN CHEN

Email: tgkdm9@163.com
(China)



