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Type 2 diabetes mellitus (T2DM) is clinically 
characterized by chronic hyperglycemia. The prevalence 
of T2DM in China is approximately 11.2%, and the 
development and progression of T2DM may be related to 
insulin resistance; as the disease advances, glycemic 
control becomes increasingly difficult [1]. Metformin 
tablets are commonly used in clinical practice for the 
treatment of T2DM, which can control blood glucose 
levels and promote the proliferation and differentiation of 
pancreatic cells [2]. Semaglutide possesses the 
advantages of rapid onset of action and a favorable 
adverse effect profile, effectively controlling blood 
glucose levels and improving pancreatic cell function 
[3 4]. Metformin reduces the sources of glucose, whereas 
semaglutide primarily optimizes glucose utilization and 
promotes insulin secretion. Their mechanisms of action are 
complementary, covering multiple key pathophysiological 
processes including islet functional defects, excessive 
hepatic glucose output, and insulin resistance, thereby 
achieving potent synergistic glucose lowering effects [2]. 
For patients whose blood glucose remains inadequately 
controlled on metformin monotherapy, the addition of 
semaglutide represents a superior option compared with 

traditional sulfonylureas or insulin, as it not only provides 
potent glycemic reduction but also confers cardiovascular 
and renal protective effects [4]. Previous studies have 
demonstrated that activation of the interleukin 6 
(IL 6)/Janus kinase 2 (JAK2)/signal transducer and 
activator of transcription 3 (STAT3) signaling axis can 
induce inflammatory responses and insulin resistance, 
participating in the pathogenesis and progression of 
various diseases including T2DM [5]. However, whether 
semaglutide can modulate the IL 6/JAK2/STAT3 signaling 
axis remains incompletely elucidated. The present study 
was designed to investigate the therapeutic efficacy of 
semaglutide combined with conventional treatment in 
patients with T2DM, and to analyze its effects on glucose 
metabolism, adipokines, and the IL 6/JAK2/STAT3 
signaling axis, thereby providing a reference for the 
exploration of its mechanisms of action and for rational 
clinical drug use. 

1 Subjects and Methods 
1.1 General Data 

The present study was reviewed and approved by the 
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Ethics Committee of Cangzhou Integrated Traditional 
Chinese and Western Medicine Hospital of Hebei Province 
[project number: CZX2022093 (Shen)]. A prospective 
selection was conducted among patients with T2DM 
admitted to Cangzhou Integrated Traditional Chinese and 
Western Medicine Hospital of Hebei Province from August 
2022 to August 2024 as the screening population.  
(1) Inclusion criteria:  

 meeting the diagnostic criteria for T2DM [6], 
namely fasting plasma glucose (FPG) 7.0 mmol/L, or 
2 hour postprandial plasma glucose (2hPG) 11.1 mmol/L;  

 meeting the indications for semaglutide treatment;  
 tolerating the therapeutic agents;  
 aged 45 years; 
 voluntary participation in the study and signing of 

the informed consent form.  
(2) Exclusion criteria:  

 complicated by urinary tract infection or 
malignant tumors;  

 history of glucocorticoid use;  
 use of lipid lowering agents within 3 months prior 

to consultation;  
 psychiatric disorders or cognitive impairment;  
 serum creatinine exceeding the upper limit of 

normal;  
 history of gastrointestinal surgery;  
 concomitant primary cardiovascular disease.  

(3) Withdrawal criteria:  
 loss to follow up;  
 failure to complete the full course of treatment.  

A total of 103 patients with T2DM were enrolled and 
randomly allocated using a random number table method 
into a control group (51 patients) and an observation group 
(52 patients). No statistically significant differences were 
observed in baseline general characteristics between the 
two groups (P>0.05). See Table 1. 

Tab.1 Comparison of general information between two groups 
[case(%)] 

Item Observation 
group (n=52) 

Control group 
(n=51) 

t/ 2 
value 

P 
value 

Gender     
Male 28(53.85) 30(58.82) 0.259 0.611 
Female 24(46.15) 21(41.18)   

Age(year, ) 57.54±6.58 58.44±5.03 0.779 0.438 
BMI(kg/m2, ) 24.83±1.04 25.18±1.23 1.561 0.122 
Duration of diabetes 

(year, ) 3.24±0.63 3.18±0.52 0.527 0.600 

Basic disease     
Hypertension 10(19.23) 15(29.41) 1.452 0.228 
Hyperlipidemia 11(21.15) 13(25.49) 0.271 0.603 
Coronary heart disease 9(17.31) 7(13.73) 0.252 0.616 

1.2 Treatment Protocol 
Both groups received individualized diabetic diet and 

exercise interventions. The control group was treated with 
metformin (Hebei Tiancheng Pharmaceutical Co., Ltd., 
National Drug Approval Number H13021647, 
specification: 0.25 g/tablet) at a dose of 0.5 g per 
administration, three times daily, orally, for a continuous 
treatment period of 3 months. The observation group 

received the same dose of metformin as the control group, 
with the addition of subcutaneous injection of semaglutide 
(Novo Nordisk Pharmaceutical, National Drug Approval 
Number SJ20210014, specification: 1.34 mg/mL). The 
initial dose was 0.25 mg per administration, once weekly; 
after 4 weeks of continuous treatment, the dose was 
adjusted to 0.5 mg per administration, once weekly; after 
an additional 4 weeks of treatment, the dose could be 
increased to 1.0 mg per administration, once weekly. The 
total treatment duration was 3 months. 

1.3 Observational Indices 
1.3.1 Assessment of Glycemic Metabolic Parameters 

Glycemic metabolic parameters were measured in 
both groups before and after treatment. On the evening 
prior to blood sampling, patients fasted for 8 hours. On the 
following morning, 5 mL of fasting peripheral venous 
blood was collected. Glycosylated hemoglobin (HbA1c) 
levels were determined using a high performance liquid 
chromatography system (AUPOS SCIENTIFIC, 
Germany). FPG and fasting insulin levels were measured 
using a 7600 automatic biochemical analyzer (Hitachi, 
Japan). At 2 hours after meal consumption, 5 mL of 
peripheral venous blood was collected, and 2hPG levels 
were measured using the same automatic biochemical 
analyzer. The Homeostasis Model Assessment of Insulin 
Resistance (HOMA IR) index was calculated accordingly. 
1.3.2 Determination of mRNA Expression Levels of 

IL 6/JAK2/STAT3 Signaling Axis Components 
Before and after treatment, 5 mL of fasting peripheral 

venous blood was collected from each group and placed 
into centrifuge tubes. An appropriate volume of Ficoll 
separation solution was added, and the diluted blood was 
carefully layered over the Ficoll solution along the tube 
wall. After centrifugation at 1,500 r/min (centrifugal radius 
10 cm) for 30 minutes at 20 °C, the liquid was clearly 
separated into four layers. The uppermost plasma layer was 
carefully aspirated and discarded using a sterile pipette. 
The buffy coat layer (appearing as a white foggy layer) 
along with approximately 1 mm thickness of the 
surrounding liquid was gently aspirated along the tube wall 
and transferred to a new centrifuge tube. At least 3 volumes 
of pre cooled phosphate buffered saline were added, and 
the pellet was gently resuspended. The washed cell pellet 
was resuspended in an appropriate volume of culture 
medium or buffer, yielding isolated peripheral blood 
mononuclear cells (flow cytometry analysis revealed that 
CD45+ cells accounted for 80%–90% of total events, with 
granulocyte contamination <10%). Total RNA was 
extracted from mononuclear cells using Trizol reagent 
(Invitrogen, USA). cDNA was synthesized according to 
the instructions of the reverse transcription kit. 
Quantitative reverse transcription polymerase chain 
reaction was performed to determine the relative mRNA 
expression levels of tumor necrosis factor  (TNF ), IL 6, 
STAT3, and JAK2. The reaction system consisted of 2 L 
of cDNA, 10 L of Real Time Master Mix, 1 L each of 
forward and reverse primers, and RNase Free ddH O to a 
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final volume of 20 L. The reaction conditions were as 
follows: 95 °C for 2 minutes, followed by 40 cycles of 
95 °C for 15 seconds, 60 °C for 1 minute, and 72 °C for 30 
seconds. All related kits were purchased from Tiangen 
Biotech (Beijing) Co., Ltd. 
1.3.3 Determination of Adipokine Levels 

Before and after treatment, 3 mL of fasting peripheral 
venous blood was collected from each group, and serum 
was separated by centrifugation at 3,000 r/min (centrifugal 
radius 10 cm) for 8 minutes at 4 °C. Serum levels of Vaspin, 
Chemerin, and Apelin were determined using 
enzyme linked immunosorbent assay. Vaspin and 
Chemerin detection kits were provided by Shanghai Yiyan 
Biotechnology Co., Ltd., and the Apelin detection kit was 
provided by Shanghai Saipaisen Biotechnology Co., Ltd. 

1.4 Statistical Methods 
Data analysis was performed using SPSS 26.0 

software. Continuous variables conforming to a normal 
distribution were expressed as   Comparisons 
between groups were conducted using independent sample 
t tests. Comparisons of indices measured at multiple time 
points were performed using repeated measures analysis 
of variance, with pairwise comparisons conducted using 
the LSD t test. Categorical data were expressed as cases 
(percentages) and compared using the chi square test. A 
P value <0.05 was considered statistically significant. 

2 Results 

2.1 Comparison of FPG, 2hPG, HbA1c, and 
HOMA IR Levels Between the Two Groups 

Compared with baseline values, both groups 
exhibited a decreasing trend in FPG, 2hPG, HbA1c, and 
HOMA IR levels at 1 month and 3 months of treatment 
(P<0.05). At both 1 month and 3 months, the levels of FPG, 
2hPG, HbA1c, and HOMA IR in the observation group 
were significantly lower than those in the control group 
(P<0.05). See Table 2. 

2.2 Comparison of mRNA Expression Levels of 
IL 6/JAK2/STAT3 Signaling Axis 
Components Between the Two Groups 

Compared with baseline values, the mRNA 
expression levels of TNF , IL 6, STAT3, and JAK2 in 
both groups showed a decreasing trend at 1 month and 3 
months of treatment (P<0.05). At both time points, the 
mRNA expression levels of TNF , IL 6, STAT3, and 
JAK2 in the observation group were significantly lower 
than those in the control group (P<0.05). See Table 3. 

2.3 Comparison of Adipokine Levels Between the 
Two Groups 

Compared with baseline, the levels of Vaspin, 
Chemerin, and Apelin in both groups showed a decreasing 
trend at 1 month and 3 months after treatment (P<0.05). At 
both 1 month and 3 months, the levels of Vaspin, Chemerin, 
and Apelin in the observation group were significantly lower 
than those in the control group (P<0.05). See Table 4.

Tab. 2  Comparison of FPG, 2hPG, HbA1C and HOMA-IR levels between two groups ( ) 

Time-point HbA1C(%)  FPG(mmol/L)  2hPG(mmol/L)  HOMA-IR 
Observation 

group (n=52) 
Control group 

(n=51)  Observation 
group (n=52) 

Control group 
(n=51)  Observation 

group (n=52) 
Control group 

(n=51)  Observation 
group (n=52) 

Control group 
(n=51) 

Before treatment 8.60±0.66 8.51±0.72  9.50±0.78 9.38±0.85  11.65±1.23 11.73±1.30  3.02±0.42 3.15±0.35 
1 month after treatment 7.36±0.53ac 7.89±0.60a  8.19±0.75ac 8.73±0.80a  10.02±1.15ac 10.78±1.24a  2.53±0.35ac 2.71±0.34a 
3 months after treatment 6.45±0.41abc 6.92±0.43ab  6.56±0.66abc 7.12±0.69ab  8.50±1.01abc 9.36±1.11ab  1.88±0.31abc 2.24±0.33ab 
Fgroup/time/interaction value 56.352/35.285/16.396  68.544/36.956/20.085  74.162/46.245/22.357  63.396/40.175/21.193 
Pgroup/time/interaction value <0.001/<0.001/<0.001  <0.001/<0.001/<0.001  <0.001/<0.001/<0.001  <0.001/<0.001/<0.001 

Note: Compared with before treatment, aP<0.05; Compared with 1 month after treatment, bP<0.05; Compared with control group, cP<0.05. 

Tab. 3  Comparison of expression levels of IL 6/JAK2/STAT3 signal axis related mRNA between two groups ( ) 

Time-point 
TNF-   IL-6  p-STAT3  JAK2 

Observation 
group (n=52) 

Control group 
(n=51)  Observation 

group (n=52) 
Control group 

(n=51)  Observation 
group (n=52) 

Control group 
(n=51)  Observation 

group (n=52) 
Control group 

(n=51) 
Before treatment 6.64±1.73 7.18±1.29  7.11±1.46 6.87±1.59  6.00±1.38 5.74±1.53  5.52±1.23 5.74±1.01 
1 month after treatment 4.12±0.95 ac 5.23±1.01 a  4.35±1.12 ac 5.38±1.20 a  3.56±0.73 ac 3.91±0.68 a  3.88±0.87 ac 4.26±0.95 ac 
3 months after treatment 2.23±0.62 abc 3.40±0.74 ab  2.35±0.68 abc 3.05±0.87 ab  1.56±0.41 abc 2.13±0.58 ab  1.05±0.30 abc 1.59±0.40 ab 
Fgroup/time/interaction value 74.152/52.326/33.219  75.442/50.036/36.247  75.214/46.396/30.112  63.587/41.031/26.359 
Pgroup/time/interaction value <0.001/<0.001/<0.001  <0.001/<0.001/<0.001  <0.001/<0.001/<0.001  <0.001/<0.001/<0.001 

Note: Compared with before treatment, aP<0.05; Compared with 1 month after treatment, bP<0.05; Compared with control group, cP<0.05. 

Tab.4  Comparison of expression levels of adipokines between two groups ( ) 

Time-point 
Vaspin(ng/mL)  Chemerin(ng/mL)  Apelin(pg/mL) 

Observation group 
(n=52) 

Control group 
(n=51) 

 Observation group 
(n=52) 

Control group 
(n=51) 

 Observation group 
(n=52) Control group (n=51) 

Before treatment 2.35±0.44 2.46±0.40  105.12±15.56 103.98±16.63  815.52±211.18 817.99±208.99 
1 month after treatment 1.58±0.36ac 1.89±0.37a  84.38±10.04ac 93.67±11.12a  679.95±145.53ac 755.61±166.81a 
3 months after treatment 0.91±0.31abc 1.34±0.33ab  72.74±8.81abc 80.85±9.66 ab  526.63±100.24abc 601.12±120.84 ab 
Fgroup/time/interaction value 56.396/32.241/18.574  77.416/50.129/29.637  92.357/70.142/55.136 
Pgroup/time/interaction value <0.001/<0.001/<0.001  <0.001/<0.001/<0.001  <0.001/<0.001/<0.001 

Note: Compared with before treatment, aP<0.05; Compared with 1 month after treatment, bP<0.05; Compared with control group, cP<0.05. 
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3 Discussion 
The pathogenesis of T2DM is relatively complex and 

may be associated with an imbalance between oxidation 
and antioxidation, as well as between pro inflammatory 
and anti inflammatory factors [7]. T2DM is characterized 
not only by chronic hyperglycemia but also by profound 
adipose tissue dysfunction; alterations in adipose tissue 
play a critical role in the development of systemic insulin 
resistance, ectopic lipid accumulation, and metabolic 
complications [8]. 

Metformin primarily lowers blood glucose by 
inhibiting hepatic gluconeogenesis, an effect mediated 
through modulation of the mitochondrial respiratory chain 
complex, changes in cellular energy charge, and activation 
of adenosine monophosphate activated protein kinase 
(AMPK) [9 10]. Semaglutide, as a glucagon like peptide 1 
receptor agonist, promotes insulin synthesis and secretion 
from pancreatic cells and suppresses glucagon secretion 
and release from pancreatic cells in a glucose dependent 
manner, thereby exerting its glucose lowering effects. Its 
clinical application can reduce FPG, 2hPG, and HbA1c 
levels [11], and it is more effective than existing 
therapeutic modalities in lowering HbA1c [12]. 
Semaglutide promotes the functional transition of adipose 
tissue from a pro inflammatory lipid storing phenotype 
toward a more oxidative, insulin sensitive, and 
metabolically flexible state; these adipose centric 
adaptations may contribute to improved systemic insulin 
sensitivity, regulation of adipokine levels, reduction of 
ectopic fat deposition, and mitigation of metabolic risk in 
patients with T2DM [8]. 

Zhang et al. [13] demonstrated that semaglutide 
combined with metformin effectively improves glycolipid 
metabolism in patients with T2DM, although some 
patients did not derive benefit from this combination. A 
meta analysis showed that semaglutide plus metformin 
significantly improved glycemic control, insulin resistance, 
body weight, body mass index, and lipid profiles in 
overweight or obese patients with T2DM [11]. Another 
study indicated that in patients with T2DM whose blood 
glucose remained inadequately controlled on metformin, 
the addition of oral semaglutide for 52 weeks resulted in 
more pronounced reductions in HbA1c and body weight 
compared with the addition of empagliflozin [14]. 
Moreover, no safety or tolerability issues were identified 
with the combined use of metformin and semaglutide [15]. 
In terms of adipokines, elevated Apelin levels are 
associated with decreased insulin sensitivity [16]; 
Chemerin is a pro inflammatory adipokine whose 
increased levels are closely related to insulin resistance 
[17]; Vaspin regulates glucose and lipid metabolism, 
induces vascular dysfunction, and participates in the 
pathogenesis and progression of T2DM [18]. In the present 
study, the combination therapy group (metformin plus 
semaglutide) exhibited significantly lower levels of FPG, 
2hPG, HbA1c, HOMA IR, Vaspin, Chemerin, and Apelin 
compared with the metformin monotherapy group, 
supporting the aforementioned findings. 

The IL 6/JAK2/STAT3 axis serves as a core signaling 
pathway mediating chronic inflammation and insulin 
resistance. TNF  promotes the secretion of IL 6, which in 
turn activates the downstream JAK2/STAT3 signaling 
pathway, suppresses regulatory T cell differentiation, 
potentiates inflammatory immune responses, amplifies the 
inflammatory cascade, and induces vascular endothelial 
dysfunction, thereby contributing to the pathogenesis of 
T2DM [5]. JAK2 activation promotes STAT3 
phosphorylation and nuclear translocation; activated 
STAT3 further regulates the expression of downstream 
target genes, promotes adipocyte deposition, induces 
pancreatic cell apoptosis, exacerbates oxidative stress, 
and aggravates the severity of T2DM [19]. Deng et al. [20] 
demonstrated that semaglutide inhibits STAT3 expression. 
Martins et al. [21] showed that semaglutide suppresses 
TNF  and IL 6 expression and attenuates visceral 
adipocyte inflammation and endoplasmic reticulum stress 
in mice. Metformin, on the other hand, can inhibit the 
JAK/STAT3 pathway via AMPK activation, reduce 
p STAT3 levels, and synergistically attenuate 
inflammation, thereby alleviating insulin resistance [22]. 
Therefore, the combination of these two agents may exert 
dual inhibition of this axis, both upstream (suppression of 
TNF  and IL 6) and downstream (blockade of p STAT3), 
with a synergistic effect stronger than that of either agent 
alone. In the present study, after treatment with 
semaglutide plus metformin, the levels of FPG, 2hPG, 
HbA1c, HOMA IR, and the mRNA expression of TNF , 
IL 6, STAT3, and JAK2 were all significantly lower than 
those in the metformin alone group, supporting the above 
hypothesis. The combined therapy may modulate the 
IL 6/JAK2/STAT3 signaling pathway, inhibit JAK2 and 
STAT3 activation, alleviate oxidative stress injury to 
pancreatic cells, improve cell function, and thereby 
enhance therapeutic efficacy and control the progression of 
T2DM. Moreover, in vitro cell experiments have 
confirmed that semaglutide plus metformin synergistically 
suppresses high glucose and high lipid induced release of 
TNF  and IL 6, downregulates p STAT3, and protects 

cell function [23], suggesting a potential mechanism 
underlying the combination therapy for T2DM. 

In summary, semaglutide combined with metformin 
in the treatment of patients with T2DM can more 
effectively control blood glucose levels and reduce 
adipokine levels, and the mechanism may be related to the 
inhibition of IL 6/JAK2/STAT3 signaling axis activation. 
However, the present study did not include a semaglutide 
monotherapy group, and therefore it cannot be asserted that 
the observed therapeutic improvement is due to a genuine 
synergistic interaction between semaglutide and 
metformin. Future studies should expand the sample size 
and incorporate a semaglutide alone treatment group to 
clarify whether the effect is additive or synergistic, thereby 
providing robust evidence based support for the rational 
treatment of T2DM. In addition, the present study did not 
investigate the adverse effects of the two agents, which 
constitutes a limitation that warrants further exploration in 
subsequent research. 
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