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Abstract: Objective To investigate the efficacy of semaglutide in treating patients with type 2 diabetes mellitus (T2DM) and
its effects on islet function, serum microRNA (miR) - 146a and miR - 351. Methods A total of 180 patients with T2DM
admitted to Jiangsu Provincial (Sugian) Hospital from February 2023 to January 2024 were selected. They were randomly
divided into a control group (n=90) and an observation group (7=90) . The control group received metformin and
empagliflozin tablets, while the observation group received the same treatment along with semaglutide for 90 days. Relevant
indicators, such as blood glucose, blood lipids, islet function, miR-146a, and miR- 351 levels, as well as therapeutic efficacy and
adverse reactions, were measured and recorded before and after treatment. Results After treatment, the observation group
showed lower levels of blood glucose ( fasting blood glucose, 2-hour postprandial blood glucose, and glycosylated
hemoglobin), blood lipids (triglyceride, total cholesterol, low- density lipoprotein cholesterol), and islet function [fasting insulin,
homeostasis model assessment of insulin resistance (HOMA-IR) ] compared to the control group (P<0.05) . The homeostasis
model assessment of pancreatic -cell function index, and high-density lipoprotein cholesterol in the observation group were
significantly higher those in the control group (P<0.05) . After treatment, the serum level of miR-146a in the control group was
significantly lower than that in the observation group (1.80+0.57 vs 2.25+0.66, t=4.895, P<0.01) , and miR-351 levels were
significantly higher than that in the observation group (4.11+1.47 vs3.50+1.54, t=2.718, P=0.007) . The total effective rate in
the observation group was 94.44% , significantly higher than the 82.22% in the control group (¥2=5.367, P=0.020) . Conclusion
Semaglutide treatment shows significant efficacy in T2DM patients by regulating the levels of miR-146a and miR-351, restoring
islet function, reducing blood glucose and lipids, and ensuring high safety.
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With aging and the decline of metabolic function, the
incidence of diabetes has gradually increased, which is
particularly prominent in the middle-aged and elderly
population. Due to the decline of physical and metabolic
functions in this group, the insulin secretion mechanism is
disturbed, thereby increasing the risk of developing
diabetes, among which type 2 diabetes mellitus (T2DM)
occupies a dominant position. According to statistics,
T2DM accounts for more than 95% of all diabetes types
[1], and it is the main cause of increased complication risks
and mortality in diabetic patients [2]. The pathological
characteristics of T2DM include decreased levels of
glucagon-like peptide-1 (GLP-1), dyslipidemia, and
significant insulin resistance [3]. If these pathological
conditions are not effectively improved, they will lead to
persistent hyperglycemia, which in turn promotes the
occurrence of complications such as atherosclerosis,
diabetic retinopathy, diabetic foot, and diabetic peripheral
neuropathy, seriously affecting the quality of life and
prognosis of patients.

As a GLP-1 receptor agonist, semaglutide has shown
significant efficacy in lowering blood glucose and
controlling body weight in recent years [4]. With the
in-depth development of molecular biology research,
microRNAs (miRNAs), as a class of gene expression
regulators, have attracted increasing attention for their roles
in the development of diabetes and its complications.
Among them, miR-351 is specifically upregulated in

high-fat-induced diabetic mouse models [5], while
miR-146a is downregulated in patients with diabetic
retinopathy [6]. Based on these findings, it is speculated
that the serum levels of miR-351 and miR-146a may reflect
the disease state of T2DM and play important roles in
disease progression. Therefore, this study aims to
investigate the therapeutic effect of semaglutide on T2DM
patients by observing its impacts on serum miR-351,
miR-146a, and islet function, hoping to provide new
scientific evidence for the treatment of T2DM patients.

1 Materials and Methods
1.1 General Information

A total of 180 T2DM patients admitted to Sugian
Hospital of Jiangsu Provincial People's Hospital from
February 2023 to January 2024 were selected as research
subjects and randomly divided into a control group (90
cases) and an observation group (90 cases). Inclusion
criteria:Conforming to the diagnostic criteria for T2DM [7];
Aged over 45 years; Body mass index (BMI) = 24 kg/m®;
Complete clinical data. Exclusion criteria: Allergy to
semaglutide; Existing obvious infections; Being in the
acute phase of cardiovascular and cerebrovascular diseases;
Complicated with malignant tumors, hematological system
diseases, or autoimmune system diseases; Pregnant or
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lactating women. This study was approved by the Ethics
Committee of Suqian Hospital of Jiangsu Provincial
People's Hospital (Ethics Approval No.: 2024-SL-0182),
and all research subjects provided informed consent. There
were no statistically significant differences in age, gender,
BMI, and duration of diabetes between the two groups
(P>0.05). See Table 1.

Tab.1 Comparison of general data between the two groups

(n=90, x+s)

Group Male/Female Age BMI Duration of

(case) (years) (kg/m?)  diabetes (years)
Control group 48/42 64.50+6.32 25.72+3.10 8.60+2.90
Observation

46/44 63.97+£6.40 25.61+3.02 8.73+2.54

group

X/t value 0.089 0.559 0.241 0.320
P value 0.765 0.577 0.810 0.749

1.2 Treatment Methods

Patients in the control group were treated with
metformin and empagliflozin tablets (Hangzhou Zhongmei
Huadong Pharmaceutical Co., Ltd., National Medicine
Approval No. H20213448, specification: each tablet
contains 500 mg metformin hydrochloride and 5 mg
empagliflozin), administered during or after meals, 1 tablet
per time, twice a day. Patients in the observation group
received combined treatment with semaglutide (Novo
Nordisk, National Medicine Approval No. SJ20210014,
specification: 1.5 mg/mL) on the basis of the above
treatment. The initial dose of semaglutide was 0.25 mg per
time, administered by subcutaneous injection. After 4
weeks of treatment, the dose was adjusted to 0.5 mg per
time, once a week. Both groups of patients received
continuous treatment for 90 days.

1.3 Observation Indicators

1.3.1 Efficacy Evaluation Criteria [8]

Marked efficacy: Clinical symptoms and vital signs
tend to be normal, and blood glucose decreases to the
normal level. Effective: Clinical symptoms and vital signs
are improved, and blood glucose level is significantly
reduced. Invalid: Diabetic symptoms are not improved or
even aggravated. Total effective rate = (number of cases
with marked efficacy + number of effective cases) / total
number of cases x 100%.

1.3.2 Detection of Serum miR-146a and miR-351

Fasting venous blood (5 mL) was collected from
patients in both groups before treatment and at the end of
treatment, respectively. Serum was obtained by
low-temperature centrifugation, aliquoted, and stored for
later use. Total serum RNA was extracted using the Trizol
method (Thermo Fisher Scientific, USA). Reverse
transcription of ¢cDNA was performed using a reverse
transcription kit (Thermo Fisher Scientific, USA), and
gRT-PCR amplification was carried out using the

SYBR®Premix Ex Taq™ kit (Takara, Japan). The relative
expression levels of miR-146a and miR-351 in serum were
calculated using the 22 method. Primers for miR-146a,
miR-351, and U6 were all synthesized by RiboBio Co., Ltd.
(Guangzhou, China).

miR-146a forward sequence: 5'-TGA GAA CTG AAT
TCC ATG GGT T-3'; reverse sequence: 5'-GCT GTC AAC
GAT ACG CTA CGT AAC G-3'.

miR-351 forward sequence: 5'-ACA CTC CAG CTG
GTC CCT GAG GAG CCC GG-3'; reverse sequence:
5'-CTC AAC TGG TGT CGT GGA GTC GGC AAT TCA
GTT GAG TCA GGC TC-3".

U6 forward sequence: 5'-AAG GTG AAG CTG GGA
GTC AAC-3'; reverse sequence: 5'-GGG GTC ATT GAT
GGCAAC AAT A-3'.

1.3.3 Detection of Blood Glucose, Blood Lipids, and
Islet Function

Fasting blood (5 mL) was collected from patients in
the control group and the observation group the next day
before treatment and after 90 days of treatment,
respectively. The blood samples were centrifuged at 3,000
r/min (centrifugal force: 1,000xg). Fasting plasma glucose
(FPG), 2-hour postprandial blood glucose (2hPG),
glycosylated hemoglobin (HbAlc), triglyceride (TG), total
cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), and high-density lipoprotein cholesterol (HDL-C)
were detected using an automatic biochemical analyzer
(Beckman Coulter Model DX800). Fasting insulin (FINS),
homeostasis model assessment of insulin resistance
(HOMA-IR), and homeostasis model assessment of
pancreatic beta-cell function (HOMA-B) were measured
using an automatic biochemical analyzer (Roche
Cobas-6000).

1.3.4 Adverse Drug Reactions

During the treatment period of the two groups,
adverse reaction events were counted, mainly including
nausea, diarrhea, headache, and hypoglycemia.

1.4 Statistical Methods

Statistical analysis was performed using SPSS 24.0
software. Categorical variables were expressed as cases
(%), and analyzed using the chi-square test. Continuous
variables conforming to the normal distribution were
expressed as x+s, and analyzed using the t-test. A P value <
0.05 was considered statistically significant.

2 Results

2.1 Evaluation of Clinical Efficacy in the Two Groups
The total effective rate of the observation group was

94.44%, which was significantly higher than 82.22% of the

control group, with a statistically significant difference

(P<0.05). See Table 2.

2.2 Comparison of Blood Glucose Levels Between the
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Two Groups

Compared with the control group, FPG, 2hPG, and
HbAlc in the observation group were significantly
decreased after treatment (P<0.05). See Table 3.

Tab.2 Comparison of treatment efficacy between the two
groups of patients [#=90, case(%)]

Group Invalid Marked Efficacy Effective Total Effective
Rate (%)

Control group 16(15.56) 45(44.44) 29(27.78) 82.22

Observation group 5(6.67) 55(61.11) 30(32.22) 94.44

x* value 5.367

P value 0.020

2.3 Comparison of Blood Lipid Levels Between the
Two Groups

After treatment, TC, TG, and LDL-C in the
observation group were significantly lower than those in
the control group, while HDL-C was higher than that in the
control group (P<0.05). See Table 4.

2.4 Comparison of Islet Function Indicators Between

the Two Groups

After treatment, HOMA-J in the observation group was
significantly higher than that in the control group (P<0.05),
while FINS and HOMA-IR were significantly lower than
those in the control group (P<0.05). See Table 5.

2.5 Comparison of Serum miR-146a and miR-351
Levels Between the Two Groups

After treatment, the level of miR-146a in the
observation group was higher than that in the control group
(P<0.05), while the level of miR-351 was lower than that
in the control group (P<0.05). See Table 6.

2.6 Occurrence of Adverse Reactions

In the control group, 2 cases of nausea, 1 case of diarrhea,
2 cases of headache, and 2 cases of hypoglycemia occurred. In
the observation group, 2 cases of nausea, 1 case of headache,
and 1 case of hypoglycemia occurred. There was no
statistically significant difference in the total incidence of
adverse reactions between the control group and the
observation group (7.78% vs 4.44%, y*=0.871, P=0.350).

Tab. 3 Comparison of blood glucose indicators between two groups of patients before and after treatment (2=90, x+s)

FPG(mmol/L) 2 h PG(mmol/L) HbA1lc(%)
Group Before Treatment After Treatment Before Treatment After Treatment Before Treatment After Treatment
Control group 9.50+1.91 6.64+0.542 13.50+2.65 8.314+0.69* 8.72+0.84 6.56+0.732
Observation group 9.42+1.86 6.20+0.70* 13.40+2.39 7.30+0.822 8.66+0.93 5.58+0.69*
t value 0.285 4.772 0.266 8.941 0.454 9.256
P value 0.776 <0.001 0.791 <0.001 0.650 <0.001

Note: Compared with before treatment in the same group, *P<0.05.

Tab. 4 Comparison of blood lipid levels between two groups of patients (n=90, x=s)

TC(mmol/L) TG(mmol/L) LDL-C(mmol/L) HDL-C(mmol/L)
Group Before After Before After Before After Before After
Treatment Treatment Treatment Treatment Treatment Treatment Treatment Treatment
Control group 5.53+£1.20 4.35+0.65* 3.154+0.90 1.76+0.82*  4.3240.30 2.63+0.42° 1.18+0.26 1.50+0.28*
Observation
group 5.48+1.28 3.894+0.682 3.10+0.94 1.20+0.76*  4.40+0.38 2.11+0.302 1.15+0.23 1.31+0.252
t value 0.270 4.639 0.364 4.752 1.568 9.558 0.820 4.044
P value 0.787 <0.001 0.716 <0.001 0.119 <0.001 0.413 <0.001

Note: Compared with before treatment in the same group, *P<0.05.

Tab. 5 Comparison of pancreatic islet function indicators between two groups of patients (=90, x*s)

FINS (pU/mL)

HOMA-IR HOMA-§ (%)

Group Before Treatment After Treatment Before Treatment After Treatment Before Treatment After Treatment
Control group 16.79+4.70 14.95+3.81 5.20+1.192 4.16+1.01 34.20+10.272 60.26+18.172
Observation group 17.06+4.85 12.89+3.30 5.10+1.162 3.48+0.90 34.50+10.192 73.32420.15%

t value 0.379 3.169 0.571 4.769 0.197 4.566

P value 0.705 0.002 0.569 <0.001 0.844 0.009

Note: Compared with before treatment in the same group, *P<0.05.

Tab.6 Comparison of miR-146a and miR-351 between two groups of patients before and after treatment (=90, xs)

miR-146a miR-351
Group Before Treatment After Treatment Before Treatment After Treatment
Control Group 0.80+0.17 1.80+0.57* 6.31+2.01 4.11£1.47*
Observation Group 0.83+0.19 2.25+0.66* 6.35£1.90 3.50+1.54°
t value 0.116 4.895 0.137 2.718
P value 0.266 <0.001 0.891 0.007

Note: Compared with before treatment in the same group, *P<0.05.
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3 Discussion

T2DM is a metabolic disease characterized by
long-term hyperglycemia caused by insulin deficiency or
impaired insulin biological activity, often accompanied by
various metabolic disorders. The early symptoms of T2DM
do not show the typical "polyuria, polydipsia, polyphagia,
and weight loss", so it is very easy to cause missed
diagnosis. Studies have shown that the increase in the
number of T2DM patients worldwide is related to factors
such as overweight and obesity, and its mechanism may be
their own insulin resistance [9]. At present, drugs such as
metformin, empagliflozin, and liraglutide are commonly
used in clinical treatment [10]. However, long-term use of
a single drug will lead to increased drug resistance of the
body and decreased therapeutic effect [11]. Therefore,
exploring more comprehensive and effective drugs is of
great significance for the treatment of T2DM patients and
the improvement of their prognosis.

As an enterogenic hormone secreted by the intestine,
semaglutide is a new type of long-acting GLP-1 analog. It
mainly acts on pancreatic B-cells to promote insulin
synthesis and secretion, reduce hepatic glucose release,
enhance insulin sensitivity, act on the hypothalamus to
inhibit appetite, and achieve the effect of lowering blood
glucose through the above-mentioned effects, which has a
good therapeutic effect on diabetes [12]. Relevant studies
have also confirmed that semaglutide combined with
metformin and empagliflozin tablets has a significant
therapeutic effect on T2DM patients [13-14]. This study
also found that the total effective rate of semaglutide
combined with metformin and empagliflozin in the
treatment of T2DM patients was significantly higher than
that of metformin and empagliflozin alone, and there was
no statistically significant difference in the incidence of
adverse reactions. The above results indicate that
semaglutide has a good therapeutic effect and high safety
in the treatment of T2DM patients.

Studies have revealed that GLP-1 receptor agonists
can reduce the levels of TG, TC, and LDL-C by regulating
lipoprotein release from intestinal epithelial cells and fat
decomposition, which shows that semaglutide has the
ability to indirectly regulate blood lipid levels [15]. A study
by Zhang Fengli et al. [16] also confirmed that semaglutide
has the effects of lowering blood glucose and blood lipids.
FINS, HOMA-IR, and HOMA-B are important indicators
commonly used in medicine to evaluate islet function.
HOMA-IR reflects the level of insulin resistance in the
body; the higher the index, the lower the sensitivity of the
body to insulin and the more severe the degree of insulin
resistance. HOMA-P reflects the function of pancreatic
B-cells. Pancreatic B-cells are the main cells secreting
insulin in the pancreas, responsible for regulating insulin
secretion according to the blood glucose level of the body.
In addition, studies have revealed that semaglutide
combined with metformin and empagliflozin tablets can
reduce the levels of FPG, 2hPG, HbA1lc, and HOMA-IR in
obese T2DM patients, while increasing the level of
HOMA-B, suggesting that semaglutide may lower blood
glucose by restoring islet function [17]. This study found

that the levels of FPG, 2hPG, HbAlc, TC, TG, LDL-C,
FINS, and HOMA-IR in the observation group were
significantly lower than those in the control group, while
the levels of HDL-C and HOMA-B were significantly
higher than those in the control group, suggesting that
semaglutide may reduce blood glucose and blood lipid
levels and improve T2DM by restoring islet function.

miRNAs play important roles in the occurrence and
development of T2DM. Studies have found that miR-146a
is involved in the development of diabetes, and its
dysregulated expression accelerates the progression of
diabetes [18]. miR-146a exerts its functions in various
physiological processes through negative regulation of
signal transduction and immune responses. Chen Lin [19]
observed in the serum of patients with gestational diabetes
mellitus that compared with the insulin resistance group,
the level of miR-146a in the extreme and severe insulin
resistance groups was significantly decreased, suggesting
that miR-146a may be related to insulin resistance. The
reason may be that when the level of miR-146a is too low,
islet dysfunction is prone to occur, which in turn aggravates
insulin resistance. Studies have also found that low
expression of miR-146a can promote the high expression
of inflammatory factors, exacerbate the inflammatory
response of the body, and cause the occurrence and
development of chronic diseases such as hyperglycemia
and hyperlipidemia [20]. On the other hand, miR-351 has
also been found to be closely related to diabetes and its
complications. A study by Badacz et al. [21] revealed that
miR-351 can affect the processes of glycolipid synthesis,
decomposition, and transport by targeting and regulating
genes and signaling pathways related to glycolipid
metabolism (such as AMPK, PPARy, etc.), indicating that
miR-351 may be related to lipid synthesis. Studies have
pointed out that miR-351 regulates the development of
carotid atherosclerosis by negatively regulating glycolipid
metabolism, promoting inflammatory responses, and
inducing cell apoptosis [22]. In addition, animal
experiments have shown that in the transcriptome of
diabetic mice, miR-351 is specifically upregulated in
diabetic mice induced by high lipids, suggesting that the
upregulation of miR-351 may play a promoting role in the
progression of diabetes and atherosclerosis [22]. This study
found that after treatment, the level of miR-146a in the
observation group was significantly higher than that in the
control group, while the level of miR-351 was significantly
lower than that in the control group, suggesting that
semaglutide may promote the recovery of islet function,
thereby reducing glycolipid secretion and improving
insulin resistance by regulating the levels of miR-146a and
miR-351.

In conclusion, semaglutide combined with metformin
and empagliflozin tablets has a significant therapeutic
effect on T2DM. It may improve islet function, reduce
insulin resistance, and then lower blood glucose and blood
lipid levels by regulating the abnormal expression of
miR-146a and miR-351. However, this study also has some
limitations: the sample size is relatively small, and the
sample size should be expanded in the follow-up. The
specific mechanism of semaglutide in the treatment of
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T2DM needs to be further explored. Future research can
focus on the regulatory effect of semaglutide on miRNAs
and its long-term impact on islet function, hoping to
provide a more comprehensive basis for the treatment of
T2DM.
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Abstract: Objective To investigate the efficacy of semaglutide in treating patients with type 2 diabetes mellitus
(T2DM) and its effects on islet function, serum microRNA (miR )-146a and miR-351. Methods A total of 180 patients
with T2DM admitted to Jiangsu Provincial (Suqian) Hospital from February 2023 to January 2024 were selected. They
were randomly divided into a control group (n=90) and an observation group (n=90). The control group received
metformin and empagliflozin tablets, while the observation group received the same treatment along with semaglutide for
90 days. Relevant indicators, such as blood glucose, blood lipids, islet function, miR-146a, and miR-351 levels, as
well as therapeutic efficacy and adverse reactions, were measured and recorded before and after treatment. Results After
treatment, the observation group showed lower levels of blood glucose (fasting blood glucose, 2-hour postprandial blood
glucose, and glycosylated hemoglobin) , blood lipids (triglyceride, total cholesterol, low - density lipoprotein
cholesterol) , and islet function [fasting insulin, homeostasis model assessment of insulin resistance (HOMA-IR) |
compared to the control group (P<0.05). The homeostasis model assessment of pancreatic B-cell function index, and
high-density lipoprotein cholesterol levels in the observation group were significantly higher than those in the control
group (P<0.05). After treatment, the serum level of miR-146a in the control group was significantly lower than that in the
observation group (1.80+0.57 vs 2.25+0.66, 1=4.895, P<0.01), and miR-351 levels were significantly higher than that in
the observation group (4.11+1.47 vs 3.50+1.54, 1=2.718, P=0.007). The total effective rate in the observation group was
94.44% , significantly higher than the 82.22% in the control group (¥’=6.523, P=0.011). Conclusion Semaglutide

treatment shows significant efficacy in T2DM patients by regulating the levels of miR-146a and miR-351, restoring islet
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function, reducing blood glucose and lipids, and ensuring high safety.

Keywords: Semaglutide; Type 2 diabetes mellitus; Metformin; Empagliflozin; microRNA; miR-146a; miR-351; Islet

function
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Tab.1 Comparison of general data between the two
groups of patients  (n=90, x+s)

qU MCEZ B ARR () BMI(kg/m®) BEIRRRE (4F)
X IR 48/42 64.50£6.32  25.72+3.10 8.60+2.90
WML 46/44 63.97+6.40 25.61+3.02 8.73+2.54
X/H 0.089 0.559 0.241 0.320
P 0.765 0.577 0.810 0.749

®2 WAURETILILE [n=90,01(%) ]
Tab.2 Comparison of treatment efficacy between the two

[n=90, case(%) ]

groups of patients
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Tab.3 Comparison of blood glucose indicators between two groups of patients before and after treatment  (n=90, xs)
- FPG(mmol/L) 2hPG (mmol/L) HbAlc(%)
RIT R WITIE IRIT R WITIE YT TR
POyt 9.50+1.91 6.64+0.54" 13.50+2.65 8.31+0.69" 8.72+0.84 6.56+0.73"
WERUL 9.42+1.86 6.20+0.70" 13.40+2.39 7.30+0.82" 8.66+0.93 5.58+0.69"
1ff 0.285 4.772 0.266 8.941 0.454 9.256
PiE 0.776 <0.001 0.791 <0.001 0.650 <0.001
T BT IRIZHIR)THT, *P<0.05,
&4 WHEHEMATKFHE (n=90, xts)
Tab.4 Comparison of blood lipid levels between two groups of patients  (n=90, x+s)
a5 TC(mmol/L) TG (mmol/L) LDL-C(mmol/L) HDL-C(mmol/L)
YT TR YT TR Evadil] TR Eradil] TR
X HRZH 5.53+1.20 4.35+0.65" 3.15+0.90 1.76+0.82" 4.32+0.30 2.63+0.42" 1.18+0.26 1.31+0.25°
WS 5.48+1.28 3.89+0.68" 3.10+0.94 1.20+0.76" 4.40+0.38 2.11+0.30° 1.15+0.23 1.50+0.28"
t{H 0.270 4.639 0.364 4.752 1.568 9.558 0.820 4.044
P1E 0.787 <0.001 0.716 <0.001 0.119 <0.001 0.413 <0.001

T R R YT, 'P<0.05,
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RS MABFRDIIRERIALE (n=90, xs)

Tab.5 Comparison of pancreatic islet function indicators between two groups of patients (n=90, x+s)

- FINS(pIU/mL) HOMA-IR HOMA-B

VRYT T RIT IR VRYT T RIT IR VRYT T RIT IR
X HEZH 16.79+4.70 14.95+3.81° 5.20+1.19 4.1621.01° 34.20£10.27 60.26+18.17*
WEEA 17.0624.85 12.89+3.30° 5.101.16 3.48+0.90" 34.50£10.19 73.32420.15*
HfH 0.379 3.169 0.571 4.769 0.197 4.566
PH 0.705 0.002 0.569 <0.001 0.844 <0.001

AT FALIRY TR, *P<0.05,
6 WA HEZIAITITE I miR-146a .miR-351 K F- HL#
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Tab.6 Comparison of miR-146a and miR-351 levels between
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WEZ4 0.83%0.19 2.25+0.66" 6.35+1.90 3.50+1.54°
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