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Abstract: Objective: To analyze the clinical effects of insulin glargine combined with repaglinide on the treatment of
type 2 diabetes (T2D). Methods: One hundred and twelve T2D patients were divided into two groups based on the
treatment strategy, the control group (N=56) receiving insulin glargine and the experimental group (N=56) receiving
insulin glargine combined with repaglinide. Clinical effects were analyzed and compared between the two groups.
Results: After treatment, the levels of fasting blood glucose (FBG), 2h-postprandial blood glucose (2h-PBG), and
glycosylated hemoglobin of the experimental group were significantly lower than those of the control group (P<0.05).
The levels of fasting C-peptide (FCP) and 2h-postprandial C-peptide (2h-PCP) of the experimental group were signifi-
cantly higher than those of the control group (P<0.05) after treatment. Compared with the control group, the thera-
peutic efficacy was significantly higher (P<0.05), the time to normal blood glucose was notably shorter (P<0.05),
and the insulin dosage was considerably lower in the experimental group (P<0.05). The incidence of adverse effects
of the experimental group was significantly lower than that of the control group (P<0.05), and the treatment satisfac-
tion of the experimental group was significantly higher than that of the control group (P<0.05). Conclusion: Insulin
glargine combined with repaglinide is an effective and safe regimen in clinical practice, which can effectively control
the blood glucose level, lower insulin dosage, and reduce adverse effects of T2D.
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Introduction cose (FBG), other indicators should also be con-
sidered for the diagnosis and therapeutic effi-
cacy. FBG reflects the function of pancreatic

B-cells and generally indicates the secretory

Diabetes is a common endocrine disease with
high morbidity among middle-aged and elderly

population in China [1, 2]. It is also a dysmeta-
bolic disease with significantly elevated levels
of blood glucose as major clinical manifesta-
tion and basic feature in chronic patients. Poor
blood glucose control may lead to diabetic
chronic neuropathy, fundus conjunctival dis-
ease, diabetes-related nephropathy, and vari-
ous clinical complications, which greatly incre-
ase the risk of death caused by cardiovascular
disease. In severe cases, hyperglycemia may
even directly result in life-threatening ketoaci-
dosis [3, 4]. The diagnosis of diabetes cannot
only rely on an increase in fasting blood glu-

function of basal insulin. C-peptide can reflect
the secretory function of pancreatic B-cells,
which is used to classify diabetic patients and
identify hypoglycemia. Glycosylated hemoglo-
bin is the glycated product of hemoglobin in red
blood cells that is attached to glucose from
serum. The level of glycosylated hemoglobin
only depends on the blood glucose concentra-
tion and the interaction time between blood
glucose and hemoglobin. Glycosylated hemo-
globin can effectively reflect the average blood
glucose level of diabetic patients in the past 8
to 12 weeks, which is a gold standard for the
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evaluation of blood glucose control and is also
an important tool for the diagnosis and treat-
ment of diabetes [5].

Patients usually obtain therapeutic outcomes
in a short time after the treatment of insulin
glargine, which, however, is not ideal for the
control of blood glucose fluctuations. Large
doses of insulin glargine may even directly
cause discomfort and hypoglycemia [6-8]. The
main function and effect of repaglinide are
effective control of postprandial hyperglycemia
and regulation of postprandial blood glucose
fluctuation. Repaglinide is not recommended
to use alone to control hyperglycemia, which
instead is used as an adjuvant medication to
control hyperglycemia fluctuation [9]. Mean-
while, limited studies are reported regarding
the efficacy and relevant adverse effects of
insulin glargine combined with repaglinide on
the treatment of T2D. Thus, further investiga-
tions are urgently needed.

This study focused on analyzing and comparing
the effects of insulin glargine combined with
repaglinide and insulin glargine alone on the
blood glucose control, the efficacy of the treat-
ment, the incidence of adverse effects, and the
treatment satisfaction of T2D.

Patients and methods
Patients

The patients with T2D who were treated in our
hospital from January 1, 2019 to June 30,
2020 were divided into two groups based on
the treatment strategy, and their clinical data
were retrospectively analyzed. The patients in
the control group (N=56) were treated with
insulin glargine alone, while patients in the
experimental group (N=56) were given insulin
glargine combined with repaglinide. The clinical
effects were compared and analyzed between
the two groups.

Inclusion criteria: Patients were primarily diag-
nosed as T2D; Patients had taken no specific
drugs for controlling hyperglycemia.

Exclusion criteria: Patients with other types of
diabetes; patients with complications such as
diabetic neuropathy, diabetic fundus disease,
or diabetic nephropathy; patients with severe
functional damage of important organs; pa-
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tients complicated with other endocrine diseas-
es; patients with systemic lupus erythemato-
sus and other autoimmune diseases; patients
had taken hormones and other drugs that may
affect the level of blood glucose; patients with
other mental illnesses or unable to cooperate.

This study was approved by the Ethics Com-
mittee of our hospital. The patients or their
family members understood their conditions
and voluntarily signed the informed consent.

Intervention approaches

Both groups of patients were given personal-
ized dietary and appropriate exercise. Mean-
while, both groups were given insulin glargine
(3 ml:300 U, Beijing Sanofi Pharmaceutical Co.,
Ltd., China). The initial dose of insulin glargine
was 0.2 U/Kg/d, which was subcutaneously
injected at 22:00 every day. The drug dose was
adjusted according to the 246 rule [10]. The
target of FBG was set as 4.0~7.0 mmol/L. The
experimental group was given additional 0.5
mg of repaglinide (0.5 mg:30 tablets, Novo
Nordisk Pharmaceutical Co., Ltd., China) via
oral administration on the basis of the control
group, 3 times/d before meals. In addition to
the subcutaneous injection of insulin glargine,
the control group was given starch tablets as
the placebo. A double-blind study was conduct-
ed, by which the test drugs were stored in
sealed envelopes and handed over to the inves-
tigators. Therefore, neither the investigators
nor the participants knew their groups. The
observation period was 14 days.

Outcome measures

Primary outcome measures: FBG after treat-
ment, 2h-PBG, glycosylated hemoglobin, FCP,
2h-PCP, therapeutic efficacy (number of pa-
tients meeting the blood glucose standard/
total number * 100% after 7 days of treat-
ment), and time to normal blood glucose level
(from the start of treatment to the time of blood
glucose back to normal value). Fasting blood
was collected at 7 am. The standard level of
blood glucose was 4.0 to 7.0 mmol/L.

Secondary outcome measures: Insulin dosage,
the incidence of adverse effects such as hy-
poglycemia, dizziness, nausea, vomiting, and
malnutrition (number of adverse reactions/
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Table 1. Comparison of general information between the two groups of patients (mean + SD)

Experimental group Control group t/x? P
Case (n) 56 56 - -
Age (year) 53.419.4 55.1+9.0 0.978 0.330
BMI (kg/m?) 28.33+5.64 27.68+5.35 0.626 0.533
Body weight (kg) 74.32+11.43 73.58+12.09 0.333 0.740
Gender (n) 0.038 0.846
Male 35 34
Female 21 22
Combined with other underlying diseases (n) 0.169 0.681
Yes 18 16
No 38 40
Fasting blood glucose (mmol/L) 9.59+3.21 9.77+3.15 -0.300 0.765
Mean blood pressure (mmHg) 94.76+11.43 92.97+13.58 0.755 0.452
Malnutrition (n) 0.538 0.463
Yes 3 5
No 53 51

total number * 100%), and satisfaction with
treatment.

Satisfaction score: Before patients were dis-
charged from the hospital, the satisfaction
questionnaire was applied with a total point of
100, in which 90-100 points were very satis-
fied, 70-89 points were satisfied, and <70
points were not satisfied [6]. Patients/family
satisfaction = (number of very satisfied cases +
number of satisfied cases)/total number of
cases x 100%.

Statistical analysis

SPSS 22.0 and Graphpad Prism5 were applied
to analyze the data and figures generating. The
counting data were expressed as the number
of cases/percentage (n/%), and x? test was
used to compare the differences between
groups. The quantitative data following nor-
mal distribution were presented as Mean +
Standard Deviation (SD). The independent
sample t test was used to compare the differ-
ences between groups. P<0.05 indicated that
the difference between the two groups was sta-
tistically significant.

Results
Comparison of general information

There were no uncontrollable accidents and
discharges during the treatment. All partici-
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pants completed the research. The general
information of the two groups of patients was
compared, and the results showed that there
were no significant differences in terms of age,
BMI, gender, FBG, presence of other underlying
diseases, blood pressure, and state of the
nutrition of the body (P>0.05) (Table 1).

Comparison of blood glucose and glycosylated
hemoglobin

After treatment, the levels of FBG, 2h-PBG, and
glycosylated hemoglobin of the experimental
group were significantly lower than those of the
control group (P<0.001) (Table 2).

Comparison of C-peptide between the two
groups of patients

After treatment, FCP and 2h-PCP levels in the
experimental group were significantly higher
than those in the control group (P<0.05) (Table
3).

Comparison of therapeutic efficacy between
the two groups of patients

The therapeutic efficacy of the experimental
group (effective in 53 patients out of 56 in
total) was significantly higher than that of the
control group (P<0.01), and the time to normal
blood glucose level in the experimental group
was significantly shorter than that in the control
group (P<0.01) (Table 4).
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Table 2. Comparison of changes in blood glucose indices between the two groups of patients after

treatment

Experimental group Control group t P
Case (n) 56
Fasting blood glucose (mmol/L) 7.01+£1.23 8.95+1.56 7.308 <0.001
2h-postprandial blood glucose (mmol/L) 9.00+£1.09 11.23+1.64 8.474 <0.001
Glycosylated hemoglobin (%) 6.28+0.56 7.85+1.03 10.021 <0.001

Table 3. Comparison of C-peptide changes between the two groups of patients after treatment

Experimental group Control group t P
Case (n) 56 56
Fasting C-peptide (nmol/L) 2.89+0.41 2.35+0.56 5.822 <0.001
2h-postprandial C-peptide (nmol/L) 3.35+0.69 3.03+0.64 2.544 0.012

Table 4. Comparison of therapeutic efficacy and time to normal blood glucose level between the two

groups of patients after treatment

Case (n)
Therapeutic efficacy (effective-noneffective)

Experimental group Control group t/x? P
56
38/18 13.190 <0.001
8.33+0.98 5.596 <0.001

Time to normal blood glucose level (d)

7.35+0.87

F <Y
T

30 -

*kx

Dosage of Glargine(U/d)
i

Figure 1. Comparison of insulin dosage between
the two groups. Compared with the contr ol group,
“*P<0.001.
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Comparison of insulin dosage between the two
groups of patients

The insulin dosage in the experimental group
was significantly lower than that in the control
group (P<0.001) (Figure 1).

Comparison of the incidence of adverse ef-
fects between the two groups of patients

The incidences of adverse effects such as
hypoglycemia and dizziness in the experimen-
tal group were significantly lower than those in
the control group (P<0.05), but there were no
significant differences regarding the incidenc-
es of malnutrition, nausea, and vomiting (all
P>0.05) (Table 5).

Comparison of treatment satisfaction between
the two groups of patients

Meanwhile, compared with the control group,
the treatment satisfaction was also significant-
ly improved in the experimental group (P<0.01)
(Table 6).

Discussion
T2D is the most common type of diabetes, and

it is a metabolic disease characterized by
chronic blood glucose elevation. Most T2D
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Table 5. Comparison of hospital-related complications between the two
groups

Experimental Control group 5

group (n=56) (n=56) P
Hypoglycemia (n) 1 7 4.846 0.028
Dizziness (n) 3 10 4264 0.039
Malnutrition (n) 3 6 1.087 0.297
Nausea (n) 8 10 0.265 0.607
Vomiting (n) 5 6 0.101 0.751
Incidence of adverse effects (%) 35.71 69.64 23.9 <0.001

Table 6. Comparison of treatment satisfaction between the two groups
of patients/family members (n, %)

Experimental group Control group

(n=56) (n=56) X P
Very satisfied 36 25
Satisfied 11 4
Not satisfied 9 27
Satisfaction 83.93% 51.79% 16.890 0.001

patients still have a certain insulin secretion
function but the secretion of insulin may gradu-
ally decrease, resulting in elevation of the blood
glucose level [11]. When diet and exercise fail
to control the blood glucose level, oral medica-
tion is the first choice to treat T2D. For patients
with insulin secretion disorders or insulin resis-
tance, the medication cannot control blood
glucose within the normal range, which needs
exogenous insulin for the treatment [12, 13].
As patients’ condition getting worse or becom-
ing resistant to the drug, the medication dos-
age will be increased. In addition, when blood
glucose control is compromised, complications
such as coronary heart disease, atherosclerot-
ic heart disease, high blood pressure, retinopa-
thy, and other kidney diseases may be induced
[14]. Therefore, the strategy of T2D treatment
and medication regimen is of great importance.
Repaglinide is a novel oral hypoglycemic drug
developed in recent years, which is a derivative
of dimethyl phenylacetamide and binds to the
enzyme inhibitory receptor on the pancreatic
B-cell membrane, thereby stimulating the pan-
creatic islet cells to secret insulin by [15, 16].
The main advantage of repaglinide is that it can
simulate the normal postprandial insulin secre-
tion peak. Even if taken before a meal, it will
only stimulate insulin secretion during the
meal, but not during fasting that will cause
hypoglycemia [17]. Insulin glargine is a biosyn-
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thetic long-acting insulin.
After subcutaneous in-
jection of insulin glargine,
the digestion and absor-
ption of blood glucose
can be slowed down, and
blood glucose control la-
sts for 24 hours, which
could avoid acute hypo-
glycemia when fasting at
night and control pati-
ents’ blood glucose at
a relatively stable level.
This exogenous insulin is
much similar to the fea-
tures of endogenous in-
sulin [18]. It has been
shown that the effect of
insulin glargine on con-
trolling fasting blood glu-
cose is significantly bet-
ter than other insulins.
However, the control of

blood glucose is relatively stable, indicating
that the control of PBG is not desirable by insu-
lin glargine [19]. According to the analysis of
currently available clinical data, insulin glargine
combined with repaglinide reveals high drug
safety, which can effectively control both se-
vere postprandial hypoglycemia in patients
with early T2D and the elevation of the total vol-
ume of fasting and after-meal blood glucose
levels as well as reduce the incidence of blood
glucose complications, thereby reducing the
incidence of hypoglycemia.

The results of our study demonstrate that the
combination of these two drugs has advantag-
es of regulating FBG, 2h-PBG, and glycosylated
hemoglobin control compared with the group
treated with insulin glargine alone. Moreover,
the levels of FCP and postprandial C peptide
were significantly increased, while the time to
normal blood glucose level was significantly
reduced in the experimental group, indicating a
better therapeutic effect via the combined
treatment. Especially for postprandial blood
glucose control, the combined treatment com-
pensated for the poor postprandial blood glu-
cose control from insulin glargine alone. In
addition, regarding the adverse effects, the
incidences of hypoglycemia and dizziness in
the experimental group are significantly lower
than those in the control group, but there were
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no significant differences as to the incidences
of malnutrition, nausea, and vomiting between
the two groups. The reason could be that repa-
glinide is rapidly absorbed by the gastrointesti-
nal tract, which can be completely excreted
after 4-6 hours of medication without any accu-
mulation. Therefore, there are relatively few
adverse effects in clinical practice, which fur-
ther confirms its safety [20-22]. In this study, it
has been found that the combination of two
drugs can significantly improve patients’ satis-
faction with the treatment, which is likely due to
the significant reduction of complications dur-
ing the treatment. However, because the sam-
ple size is small and the follow-up time is rela-
tively short, which may cause some bias in the
results. To better validate the above results, a
multi-center prospective study will be conduct-
ed with larger samples in the future.

In summary, the combination of insulin glargine
and repaglinide is an effective and safe regi-
men in clinical practice, which can effectively
control the elevated blood glucose level, de-
crease insulin dosage, and reduce adverse
effects in the treatment of T2D.
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