
Am J Cancer Res 2025;15(3):946-965
www.ajcr.us /ISSN:2156-6976/ajcr0162910

https://doi.org/10.62347/OLUR1927

Original Article
Effects of SGLT2 inhibitors and GLP-1  
receptor agonists on glycemic variability, islet  
cell function, and insulin resistance in patients  
with type 2 diabetes mellitus and renal cell carcinoma

Anqi Zhang1*, Xincheng Zhang2*, Aige Yang2, Shanshan Dong2, Lina Wang2, Huimin Zhou3, Xiaopeng Hu1

1Department of Urology, Beijing Chao-Yang Hospital, Capital Medical University, Beijing 100020, China; 2Depart-
ment of Endocrinology, First Hospital of Hebei Medical University, Shijiazhuang 050031, Hebei, China; 3Depart-
ment of Endocrinology, Third Hospital of Hebei Medical University, Shijiazhuang 050051, Hebei, China. *Equal 
contributors and co-first authors.

Received December 24, 2024; Accepted February 13, 2025; Epub March 15, 2025; Published March 30, 2025

Abstract: This study evaluated the effects of sodium-glucose co-transporter 2 inhibitors (SGLT2i) and glucagon-like 
peptide-1 receptor agonists (GLP-1RA) on glycemic control, islet cell function, and insulin resistance in type 2 dia-
betes mellitus (T2DM) patients with T1-stage renal cell carcinoma (RCC). A retrospective cohort of 175 patients was 
divided into a control group receiving SGLT2i monotherapy (n = 84) and an observation group receiving combination 
therapy with SGLT2i and GLP-1RA (n = 91). Propensity score matching (PSM) was employed to balance baseline 
characteristics, resulting in 35 patients per group. After treatment, the observation group showed significant im-
provements in fasting plasma glucose (FPG), 2-hour postprandial glucose (2hPG), and glycated hemoglobin (HbA1c) 
compared to the control group (P < 0.001). Islet cell function markers, including fasting insulin and HOMA-IR, also 
improved significantly (P < 0.001). Renal function markers, such as serum creatinine, blood urea nitrogen, and uri-
nary albumin excretion rate, were better in the observation group (P < 0.05). Multivariate analysis identified older 
age (OR = 7.434, P = 0.025), higher BMI (OR = 6.812, P = 0.003), and high-fat diet (OR = 0.044, P = 0.005) as 
independent risk factors for insulin resistance. The combined use of SGLT2i and GLP-1RA demonstrated superior 
efficacy in improving glycemic variability, insulin sensitivity, and renal function, highlighting its potential as an effec-
tive strategy for managing patients with T2DM and RCC.
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Introduction

Type 2 diabetes mellitus (T2DM), one of the 
most prevalent chronic metabolic diseases 
worldwide, poses a significant challenge to 
global health [1, 2]. According to data from the 
International Diabetes Federation (IDF), the 
number of diabetes patients reached 392 mil-
lion by 2015, with T2DM accounting for the 
vast majority of cases [3]. The pathophysiology 
of T2DM primarily involves insulin resistance 
and the progressive decline in β-cell function 
[4]. Poor glycemic control is the most common 
clinical issue in T2DM patients. As the disease 
progresses, patients are subjected to higher 
risk of severe complications, such as cardio-

vascular disease, diabetic nephropathy, reti-
nopathy, and neuropathy, profoundly impacting 
their quality of life and survival [5].

In recent years, the association between T2DM 
and renal cell carcinoma (RCC) has garnered 
considerable attention [6]. Diabetic patients, 
particularly those with long-standing poor glyce-
mic control, have a significantly higher risk of 
developing RCC compared to the general popu-
lation [7]. RCC, especially clear cell renal cell 
carcinoma (ccRCC), is the most common malig-
nant kidney tumor with a high mortality rate [8]. 
According to the 2022 Global Cancer Statistics, 
there were approximately 430,000 new cases 
of RCC and 180,000 related deaths worldwide, 
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with ccRCC accounting for 70-80% of all RCC 
cases [9]. The relationship between diabetes 
and RCC is likely mediated by multiple me- 
chanisms, including metabolic abnormalities 
caused by insulin resistance, direct renal dam-
age from chronic hyperglycemia, and diabetes-
related inflammation and oxidative stress [10]. 
Furthermore, recent studies suggest that T2DM 
may increase the risk of RCC by influencing 
endocrine regulation and promoting tumor 
growth and metastasis. These findings high-
light the urgent need for effective diabetes 
management to prevent or delay diabetes-relat-
ed complications.

Among the pharmacological options for T2DM, 
sodium-glucose co-transporter 2 inhibitors 
(SGLT2i) and glucagon-like peptide-1 recep- 
tor agonists (GLP-1RA) represent significant 
advances in recent years [11]. These two class-
es of drugs have demonstrated remarkable effi-
cacy in glycemic control and metabolic improve-
ments, showing potential in preventing diabe-
tes-related complications [12]. SGLT2i can 
lower blood glucose by inhibiting SGLT2 pro-
teins in the proximal renal tubules, reducing 
glucose reabsorption, and promoting glucose 
excretion [13]. Additionally, SGLT2i have been 
shown to provide benefits such as weight 
reduction, cardiovascular health improvement, 
and renal protection, particularly in the man-
agement of diabetic nephropathy [14, 15]. 
These effects make SGLT2i a vital treatment 
option, especially for diabetic patients with 
renal impairment [14, 15]. On the other hand, 
GLP-1RA mimic the action of GLP-1, enhancing 
insulin secretion and suppressing glucose pro-
duction, thereby achieving glycemic control 
[16]. Moreover, GLP-1RA promote satiety, 
reduce food intake, and aid in weight manage-
ment while also showing potential in cardiovas-
cular health improvement [6]. Despite their dis-
tinct mechanisms of action, both drug classes 
have shown therapeutic benefits for T2DM 
patients and may impact diabetes-related com-
plications, including RCC [10]. As research into 
their mechanisms and clinical effects contin-
ues to evolve, these drugs are likely to play a 
prominent role in diabetes management, par-
ticularly in reducing complications and improv-
ing patients’ quality of life.

This study aimed to evaluate the clinical effica-
cy of SGLT2i and GLP-1RA in T2DM patients, 

focusing on their effects on glycemic variability, 
islet cell function, and insulin resistance. By 
conducting a retrospective analysis of clinical 
data, this study seeks to compare pre- and 
post-treatment glycemic control, insulin resis-
tance levels, and clinical outcomes in RCC 
patients, providing valuable evidence for clini-
cal practice and further validating the efficacy 
and safety of these two drug classes.

Materials and methods

Study population

This retrospective cohort study was conducted 
at First Hospital of Hebei Medical University, 
with patient data collected from February 2020 
to March 2024. The study protocol was 
approved by the institutional ethics committee 
of First Hospital of Hebei Medical University. A 
total of 244 patients who met the inclusion cri-
teria were initially identified, and after screen-
ing, 175 patients were included in the study 
(control group: 84; observation group: 91) 
(Figure 1).

Inclusion and exclusion criteria

Inclusion criteria: 1. Diagnosis of T2DM accord-
ing to the criteria of the IDF [17]. 2. Concurrent 
diagnosis of T1-stage RCC (ccRCC or other sub-
types), confirmed by imaging (CT, MRI) and/or 
pathological examination. 3. Age between 18 
and 80 years. 4. Complete clinical data avail-
able. 5. Life expectancy > 12 months.

Exclusion criteria: 1. Severe comorbidities such 
as advanced cardiovascular disease or hepat-
ic/renal failure. 2. Pregnant or lactating women. 
3. History of severe allergic reactions or intoler-
ance to study medications. 4. Concurrent use 
of other medications affecting glucose metabo-
lism during the study period. 5. Other serious 
endocrine or metabolic disorders.

Treatment protocols

Preoperative glycemic control: One week before 
surgery, patients were prescribed with preop-
erative blood glucose control regimen. The con-
trol group received oral dapagliflozin tablets 
(National Drug Approval Number: HJ20170119, 
10 mg per tablet), a SGLT2i, at a dosage of 10 
mg, once every morning, along with dietary 
adjustments and exercise interventions. These 
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interventions were continue for 1 week until the 
day of surgery. The observation group received 
additional liraglutide injection (National Drug 
Approval Number: SJ20190022, 1.5 mg/0.5 
mL), a GLP-1RA, at a dosage of 1.5 mg, admin-
istered subcutaneously once a week.

Laparoscopic surgery: The surgery was per-
formed under general anesthesia with endotra-
cheal intubation. The patients were placed in a 
lateral position on the healthy side, with the 
waist elevated to facilitate the surgical proce-
dure. The first operative port was located 2 cm 
above the iliac crest along the mid-axillary line. 
The lumbar fascia and muscle layers were sep-
arated bluntly, and after carbon dioxide was 
insufflated to establish pneumoperitoneum, a 
laparoscope was inserted. The second and 
third operative ports were placed 1-2 cm below 

Basic characteristics: age, sex (male/female), 
body mass index (BMI, categorized as 18-22.9, 
23-24.9, and ≥ 25 kg/m2), history of hyperten-
sion (yes/no), family history of diabetes (yes/
no), average monthly income (< 3000, 3000-
4499, ≥ 4500), marital status (married/unmar-
ried/other), educational level (up to high school/
college/postgraduate or higher), smoking his-
tory (yes/no), alcohol consumption (yes/no), 
regular physical activity (yes/no), high-fat diet 
(yes/no), and cancer type (ccRCC/papillary 
RCC/other).

Laboratory indices: systolic blood pressure 
(SBP), diastolic blood pressure (DBP), high-den-
sity lipoprotein cholesterol (HDL-C), low-density 
lipoprotein cholesterol (LDL-C), fasting plasma 
glucose (FPG), 2-hour postprandial glucose 
(2hPG), glycated hemoglobin (HbA1c), fasting 

Figure 1. Study flow chart.

the 12th rib at the junction of 
the posterior axillary line and 
anterior axillary line to facili-
tate the use of surgical in- 
struments. Under laparoscop-
ic guidance, an ultrasonic 
scalpel was used to separate 
and clamp the proximal and 
distal ends of the ureter 
before cutting it. Subsequ- 
ently, the renal vein, renal 
artery, and renal hilum were 
dissected, and the associated 
blood vessels were severed 
with an ultrasonic scalpel. The 
incision was then enlarged to 
5-6 cm to remove the kidney 
through the first operative 
port. Postoperatively, the pa- 
tients were transferred to the 
recovery room, where their 
closely monitored for vital 
signs, administered pain man-
agement and infection pre-
vention treatments, and re- 
gularly checked for renal 
function.

Data collection

Data were retrospectively ex- 
tracted from the electronic 
medical records. Collected 
clinical and demographic data 
included:
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insulin (FI), and homeostasis model assess-
ment of insulin resistance (HOMA-IR).

Laboratory measurements

1. FPG and 2hPG were measured using a  
Roche Cobas c311 glucose analyzer (Roche 
Diagnostics, Switzerland) following internation-
al standard enzymatic methods. 2. HbA1c was 
determined using a Bio-Rad D-10 high-perfor-
mance liquid chromatography system (Bio-Rad, 
USA) based on ion-exchange chromatography. 
3. FI was measured using the Abcam Human 
Insulin ELISA Kit (Abcam, USA). 4. HOMA-IR was 
calculated using FI and FPG values based on 
the standard formula. 5. Renal function indica-
tors, including serum creatinine (Scr), blood 
urea nitrogen (BUN), and urinary albumin excre-
tion rate (UAER), were monitored using a fully 
automated biochemical analyzer (Beckman 
Coulter AU5800). These parameters were 
assessed at three time points: before treat-
ment, preoperatively, and 1 week postope- 
ratively.

Follow-up

Patients were followed up periodically for six 
months after treatment initiation, and all par-
ticipants underwent in-clinic assessments at 
the six-month follow-up visit.

Propensity score matching (PSM)

To minimize baseline differences between the 
control and observation groups, PSM was 
employed. PSM reduced potential confounding 
factors and improved the reliability and compa-
rability of the study results. Patients in the 
observation and control groups with similar 
demographic and clinical characteristics were 
matched with a tolerance of 0.02 for propensity 
scores. After matching, 35 patients from each 
group were included in the final analysis, ensur-
ing balanced baseline characteristics.

Outcome measures

1. Comparison of baseline characteristics 
before and after PSM. 2. Analysis of changes in 
glycemic variability and islet cell function before 
and after treatment (pre- and post-PSM). 3. 
Identification of risk factors for insulin resis-
tance (defined as HOMA-IR ≥ 2.7) using logistic 
regression analysis [18]. 4. Development of a 

nomogram model based on identified risk 
factors.

Statistical analysis

Data analysis was conducted using SPSS 26.0 
and R 4.3.3 software.

Normality assessment: The Shapiro-Wilk test 
was used to evaluate the normality of continu-
ous variables.

Continuous variables: Normally distributed vari-
ables were presented as mean ± standard de- 
viation (SD) and compared using an indepen-
dent-samples t-test. Non-normally distributed 
variables were expressed as median (interquar-
tile range) and compared using the Mann-
Whitney U test.

Categorical variables: Categorical variables 
were presented as frequencies and percentag-
es, and compared using the Chi-square test.

Repeated Measures Analysis: For repeated 
measures, repeated measures analysis of vari-
ance (ANOVA) was conducted, followed by post 
hoc Bonferroni correction to adjust for multiple 
comparisons.

PSM analysis: PSM analysis was performed 
using R packages MatchIt, optmatch, and 
cobalt.

Logistic regression: Multivariate logistic regres-
sion was used to identify factors associated 
with insulin resistance.

Nomogram development: A nomogram model 
was constructed and visualized using the rms 
package in R.

Significance threshold: All statistical tests were 
two-sided, with P < 0.05 considered statisti-
cally significant.

Results

Comparison of baseline characteristics

We first compared the baseline characteristics 
of patients in the control group (n = 84) and the 
observation group (n = 91). The results showed 
certain differences between the two groups. 
The mean age of the observation group was sig-
nificantly lower than that of the control group (P 
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= 0.002). However, there were no significant 
differences in the distribution of variables such 
as sex, BMI, history of hypertension, family his-
tory of diabetes, average monthly income, mari-
tal status, education level, smoking history, 
alcohol consumption, and high-fat diet, with 
P-values all greater than 0.05. Additionally, reg-
ular physical activity showed significant differ-
ences between the groups (P = 0.004), with a 
higher proportion of patients in the observation 
group engaging in regular exercise. In summary, 
most variables showed no significant differenc-
es, and only age and regular physical activity 
reached statistical significance (Table 1).

Comparison of blood glucose changes

We compared the changes in blood glucose lev-
els between the control and observation groups 
at three time points: before treatment, 1 day 
before surgery, and 1 week postoperatively. 
Before treatment, there were no significant dif-
ferences in FPG, 2hPG, or HbA1c between the 
two groups (P = 0.625, 0.204 and 0.925, 
respectively). However, 1 day before surgery 
and 1 week after surgery, the observation 
group showed significantly better improvement 
in FPG and 2hPG compared to the control 
group. The FPG and 2hPG levels in the observa-
tion group were significantly lower than those in 
the control group (P < 0.001 for both). 
Additionally, the post-treatment HbA1c levels in 
the observation group were significantly lower 
than those in the control group (P < 0.001) 
(Figure 2).

Changes in islet cell function

This study compared the changes in islet cell 
function of patients before medication, 1 day 
before surgery, and 1 week after surgery. 
Before treatment, there was no statistically sig-
nificant difference in FI and HOMA-IR values 
between the control and observation groups (P 
= 0.124 and P = 0.583, respectively). However, 
1 day before surgery and 1 week after surgery, 
the observation group showed significantly 
greater improvement in FI levels and HOMA-IR 
values compared to the control group. 
Specifically, 1 day before surgery and 1 week 
after surgery, the FI levels in the observation 
group were significantly higher than those in 
the control group (P < 0.001), while HOMA-IR 
values were significantly lower than those in the 
control group (P < 0.001) (Figure 3).

Changes in kidney function

This study compared the changes in kidney 
function levels between the control and obser-
vation groups before medication, 1 day before 
surgery, and 1 week after surgery. Before treat-
ment, there were no significant differences in 
Scr, BUN, and UAER between the two groups (P 
values were 0.939, 0.426, and 0.568, respec-
tively). However, 1 day before surgery and 1 
week after surgery, the observation group 
showed significantly better improvements in 
Scr, BUN, and UAER. Scr, BUN, and UAER were 
significantly lower in the observation group 
than in the control group (P < 0.001) (Figure 4).

Comparison of blood glucose, islet cell func-
tion, and kidney function in postoperative insu-
lin resistance patients

One week after surgery, 2hPG, HOMA-IR, Scr, 
and BUN showed significant differences 
between the insulin resistance group and the 
non-resistance group. Specifically, 2hPG was 
significantly higher in the insulin resistance 
group than in the non-resistance group (P = 
0.014). HOMA-IR was significantly higher in the 
insulin resistance group (P < 0.001). Scr and 
BUN levels were significantly higher in the insu-
lin resistance group (P < 0.001). These results 
indicate that insulin resistance is closely relat-
ed to blood glucose regulation, insulin signaling 
pathways, and changes in kidney function. 
However, there were no significant differences 
in FPG, HbA1c, FIns, and UAER between the 
two groups (P > 0.05) (Table 2).

Comparison of baseline data between postop-
erative insulin resistance and non-resistance 
patients

This study compared the baseline data between 
insulin resistance and non-resistance groups. 
In terms of treatment regimen, the proportion 
of patients in the observation group with insulin 
resistance was significantly higher than that in 
the non-resistance group (P = 0.009). The aver-
age age of the insulin resistance group was sig-
nificantly higher than that of the non-resistance 
group (P < 0.001). BMI distribution differed sig-
nificantly between the two groups (P < 0.001), 
with the insulin resistance group having a sig-
nificantly higher proportion of patients with BMI 
≥ 25, while the non-resistance group had a 
higher proportion of patients in the BMI range 
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Table 1. Baseline characteristics of patients

Variables Total Control Group 
(n = 84)

Observation Group 
(n = 91) Statistic P-Value

Age (years) 62.32±7.55 64.18±7.01 60.60±7.67 -3.209 0.002
Sex 2.768 0.096
    Male 107 46 61
    Female 68 38 30
BMI (kg/m2) 1.656 0.437
    18-22.9 47 26 21
    23-24.9 74 35 39
    ≥ 25 54 23 31
History of Hypertension 0.079 0.778
    Yes 37 17 20
    No 138 67 71
Family History of Diabetes 0.051 0.821
    Yes 64 30 34
    No 111 54 57
Average Monthly Income 0.25 0.882
    ≤ 2999 84 39 45
    3000-4499 54 26 28
    ≥ 4500 37 19 18
Marital Status 3.573 0.168
    Married 148 67 81
    Single 16 9 7
    Other 11 8 3
Education Level 5.053 0.08
    ≤ High School 60 35 25
    College 79 31 48
    ≥ Postgraduate 36 18 18
Smoking History 0.012 0.913
    Yes 93 45 48
    No 82 39 43
Alcohol Consumption 3.331 0.068
    Yes 55 32 23
    No 120 52 68
Regular Physical Activity 8.484 0.004
    Yes 63 21 42
    No 112 63 49
High-Fat Diet 1.008 0.315
    Yes 127 58 69
    No 48 26 22
Cancer Type 0.334 0.846
    Clear Cell Renal Carcinoma 143 70 73
    Papillary Renal Carcinoma 19 8 11
    Other 13 6 7
SBP (mmHg) 136.79±14.87 138.20±14.20 135.48±15.43 -1.21 0.228
DBP (mmHg) 80.60±8.46 79.40±7.56 81.70±9.12 1.808 0.072
HDL (mmol/L) 1.026±0.267 1.011±0.215 1.041±0.307 0.741 0.46
LDL (mmol/L) 3.251±0.702 3.299±0.702 3.207±0.702 -0.873 0.384
Note: BMI, Body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein.
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of 18-22.9. There were also significant differ-
ences in the proportions of patients engaging 

ment 2hPG, BMI, regular exercise, and high-
heat diet were significant influencing factors for 

Figure 2. Blood glucose level changes before treatment, 1 day before surgery, and 1 week after surgery. A. Changes 
in FPG levels. B. Changes in 2hPG levels. C. Changes in HbA1c levels. Note: FPG, Fasting plasma glucose; 2Hpg, 
2-hour postprandial glucose; HbA1c, glycated hemoglobin. ***P < 0.001.

Figure 3. Beta-cell function changes. A. Changes in fasting insulin levels. B. 
Changes in HOMA-IR values. Note: HOMA-IR. Homeostasis model assess-
ment of insulin resistance. ***P < 0.001.

in regular exercise (P < 0.001) 
and consuming a high-heat 
diet (P < 0.001). Regarding 
laboratory indicators, only the 
2hPG (P = 0.022) and FI (P = 
0.036) showed significant dif-
ferences. Other factors such 
as gender, hypertension his-
tory, family history of diabe-
tes, income level, marital sta-
tus, education level, smoking 
history, drinking history, and 
other test indicators showed 
no significant differences (P > 
0.05) (Table 3).

Independent risk factors for 
insulin resistance

Multivariate logistic regres-
sion analysis was used to 
assess the independent risk 
factors for insulin resistance. 
The results showed that treat-
ment regimen, age, pre-treat-
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Figure 4. Kidney function changes. A. Changes in Scr levels. B. Changes in BUN levels. C. Changes in UAER levels. 
Note: Scr, Serum creatinine; BUN, blood urea nitrogen; UAER, urinary albumin excretion rate.

Table 2. Comparison of blood glucose, islet cell function and renal function measures between patients 
with or without insulin resistance

Index Total Resistant Group  
(n = 135)

Non-Resistant 
Group (n = 40) Statistic P-Value

FPG 1 week after surgery 7.74 [6.09, 8.47] 7.88 [6.25, 8.50] 7.00±1.48 1.473 0.141
2hPG 1 week after surgery 9.15 [8.34, 10.19] 9.78 [8.41, 10.25] 8.61 [8.29, 9.84] 2.459 0.014
HbA1c 1 week after surgery 6.61±1.12 6.65±1.08 6.48±1.24 0.763 0.448
Fasting insulin 1 week after surgery 11.45±1.61 11.51±1.64 11.24±1.52 0.97 0.336
HOMA-IR 1 week after surgery 3.18±0.76 3.38 [3.02, 3.87] 2.34 [1.99, 2.55] 9.594 < 0.001
Src 1 week after surgery 94.07±13.75 96.31±13.58 86.54±11.59 4.495 < 0.001
BUN 1 week after surgery 18.20±5.85 19.14±5.77 15.02±4.98 4.429 < 0.001
UAER 1 week after surgery 136.33±10.87 137.00±10.78 134.04±10.98 1.504 0.137
Note: FPG, Fasting plasma glucose; 2hPG, 2-hour postprandial glucose; HbA1c, glycated hemoglobin; HOMA-IR, homeostasis 
model assessment of insulin resistance; Scr, serum creatinine; BUN, blood urea nitrogen; UAER, urinary albumin excretion rate.

Table 3. Comparison of baseline characteristics between insulin-resistant and non-resistant groups

Factor Total Resistant Group  
(n = 135)

Non-Resistant 
Group (n = 40) Statistic P-Value

Treatment Regimen 6.731 0.009
    Observation Group 91 (52.00%) 63 (46.67%) 28 (70.00%)
    Control Group 84 (48.00%) 72 (53.33%) 12 (30.00%)
Age (years) 62.32±7.55 63.81±7.58 57.30±4.88 -5.12 < 0.001
Sex 0.325 0.569
    Male 107 (61.14%) 81 (60.00%) 26 (65.00%)
    Female 68 (38.86%) 54 (40.00%) 14 (35.00%)



Effects of SGLT2i and GLP-1RA in T2DM

954 Am J Cancer Res 2025;15(3):946-965

insulin resistance. Specifically, compared to the 
control group, the risk of insulin resistance was 
significantly increased in the observation group 

(OR = 3.362, P = 0.048). With each additional 
year of age, the risk of insulin resistance 
increased by approximately 5.869 times (P = 

BMI (kg/m2) 37.247 < 0.001
    18-22.9 44 (25.14%) 20 (14.81%) 24 (60.00%)
    23-24.9 77 (44.00%) 63 (46.67%) 14 (35.00%)
    ≥ 25 54 (30.86%) 52 (38.52%) 2 (5.00%)
History of Hypertension 1.174 0.279
    Yes 37 (21.14%) 31 (22.96%) 6 (15.00%)
    No 138 (78.86%) 104 (77.04%) 34 (85.00%)
Family History of Diabetes 2.993 0.084
    Yes 64 (36.57%) 54 (40.00%) 10 (25.00%)
    No 111 (63.43%) 81 (60.00%) 30 (75.00%)
Average Monthly Income 1.19 0.552
    ≤ 2999 84 (48.00%) 63 (46.67%) 21 (52.50%)
    3000-4499 54 (30.86%) 41 (30.37%) 13 (32.50%)
    ≥ 4500 37 (21.14%) 31 (22.96%) 6 (15.00%)
Marital Status 1.148 0.563
    Married 148 (84.57%) 113 (83.70%) 35 (87.50%)
    Single 16 (9.14%) 14 (10.37%) 2 (5.00%)
    Other 11 (6.29%) 8 (5.93%) 3 (7.50%)
Education Level 1.568 0.457
    ≤ High School 60 (34.29%) 48 (35.56%) 12 (30.00%)
    College 79 (45.14%) 62 (45.93%) 17 (42.50%)
    ≥ Postgraduate 36 (20.57%) 25 (18.52%) 11 (27.50%)
Smoking History 0.072 0.789
    Yes 93 (53.14%) 71 (52.59%) 22 (55.00%)
    No 82 (46.86%) 64 (47.41%) 18 (45.00%)
Alcohol Consumption 0.049 0.825
    Yes 55 (31.43%) 43 (31.85%) 12 (30.00%)
    No 120 (68.57%) 92 (68.15%) 28 (70.00%)
Regular Physical Activity 15.804 < 0.001
    Yes 63 (36.00%) 38 (28.15%) 25 (62.50%)
    No 112 (64.00%) 97 (71.85%) 15 (37.50%)
High-Fat Diet 27.636 < 0.001
    Yes 127 (72.57%) 111 (82.22%) 16 (40.00%)
    No 48 (27.43%) 24 (17.78%) 24 (60.00%)
Cancer Type 2.632 0.268
    Clear Cell Renal Carcinoma 143 (81.71%) 112 (82.96%) 31 (77.50%)
    Papillary Renal Carcinoma 19 (10.86%) 12 (8.89%) 7 (17.50%)
    Other 13 (7.43%) 11 (8.15%) 2 (5.00%)
SBP (mmHg) 136.79±14.87 137.89±14.53 133.08±15.59 -1.81 0.072
DBP (mmHg) 80.60±8.46 80.48±8.41 81.00±8.71 0.34 0.735
HDL (mmol/L) 1.03±0.27 1.03±0.27 1.03±0.25 0.012 0.99
LDL (mmol/L) 3.25±0.70 3.28±0.68 3.14±0.76 -1.115 0.266
Pre-treatment FPG (mmol/L) 11.90±0.87 11.94±0.85 11.75±0.94 -1.198 0.233
Pre-treatment 2hPG (mmol/L) 14.65±1.01 14.55±1.00 14.97±0.99 2.328 0.021
Pre-treatment HbA1c (%) 9.57±1.15 9.64±1.18 9.34±0.99 -1.469 0.144
Pre-treatment Fasting Insulin (μg/L) 15.49 [14.73, 16.07] 15.59 [14.81, 16.16] 15.20 [14.57, 15.78] 2.102 0.036
Pre-treatment HOMA-IR 4.77±0.55 4.74±0.55 4.88±0.51 1.415 0.159
Note: BMI, Body mass index; FPG, fasting plasma glucose; 2hPG, 2-hour postprandial glucose; HbA1c, glycated hemoglobin; HOMA-IR, homeo-
stasis model assessment of insulin resistance; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein.
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0.002). For each unit increase in pre-treatment 
2hPG, the risk of insulin resistance significantly 
decreased (OR = 0.235, P = 0.017). For each 
unit increase in BMI, the risk of insulin resis-
tance significantly increased (OR = 8.284, P < 
0.001), especially in patients with BMI ≥ 25. 
Regular exercise significantly reduced the risk 
of insulin resistance (OR = 4.736, P = 0.009), 
while a high-heat diet significantly increased 
the risk (OR = 0.069, P < 0.001) (see Tables 4, 
5).

Comparison of baseline data after PSM

This study used PSM to adjust the baseline 
data between the control and observation 
groups, with the goal of eliminating potential 
differences between the two groups. After 
applying a tolerance value of 0.02, 70 patients 
(35 per group) were successfully matched. 
After PSM matching, the baseline characteris-
tics of the two groups were comparable, and 
the potential bias due to differences between 
the groups was eliminated. The major clinical 
features (such as age, BMI, pre-treatment 
blood glucose levels, etc.) were effectively con-
trolled, providing a reliable basis for further 

analysis (Figure 5). Further analysis of the 
matched baseline data found no statistical dif-
ferences between the groups (P > 0.05) (Table 
S1).

Comparison of blood glucose changes after 
PSM matching

This study compared the changes in blood glu-
cose levels in the control and observation 
groups before medication, 1 day before sur-
gery, and 1 week after surgery after PSM 
matching. Before treatment, there were no sig-
nificant differences in FPG, 2hPG, and HbA1c 
between the two groups (P values were 0.535, 
0.859 and 0.166, respectively). However, after 
treatment, the observation group showed sig-
nificantly greater improvement in FPG, 2hPG, 
and HbA1c compared to the control group. 
Specifically, 1 day before surgery and 1 week 
after surgery, FPG levels were significantly 
lower in the observation group than in the con-
trol group (P < 0.001). 2hPG levels were also 
significantly lower in the observation group (P < 
0.001). The HbA1c level was significantly lower 
in the observation group after treatment (P < 
0.001) (Figure 6).

Table 4. Variable assignment
Variable Assignment
Treatment Regimen Control group = 1, Observation group = 2
Age ≤ 60.5 = 1, > 60.5 = 2
Pre-treatment 2hPG ≤ 15.205 = 1, > 15.205 = 2
Pre-treatment Fasting Insulin ≤ 15.94 = 1, > 15.94 = 2
BMI 18-22.9 = 1, 23-24.9 = 2, ≥ 25 = 3
Regular Physical Activity Yes = 1, No = 2
High-Fat Diet Yes = 1, No = 2
Insulin Resistance Yes = 1, No = 2
Note: BMI, Body mass index; 2hPG, 2-hour postprandial glucose.

Table 5. Multivariate logistic regression analysis
Variable Estimate SE P Value OR Lower Upper
Treatment Regimen 1.213 0.612 0.048 3.362 1.052 11.94
Age 1.770 0.584 0.002 5.869 1.949 19.781
Pre-treatment 2hPG -1.446 0.608 0.017 0.235 0.067 0.755
Pre-treatment Fasting Insulin 0.650 0.762 0.394 1.915 0.460 9.676
BMI 2.114 0.478 < 0.001 8.284 3.522 23.461
Regular Physical Activity 1.555 0.593 0.009 4.736 1.542 16.257
High-Fat Diet -2.671 0.651 < 0.001 0.069 0.017 0.230
Note: BMI, Body mass index; OR, odds ratio; SE, standard error.
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Figure 5. Baseline characteristics of matched patients in the control and observation groups after PSM. A. Differ-
ences in major clinical characteristics between the control and observation groups before PSM. B. Comparison of 
clinical characteristics between the two groups after PSM, showing no significant differences across variables post-
matching. Note: PSM, Propensity score matching; SBP, Systolic blood pressure; DBP, diastolic blood pressure; HDL, 
high-density lipoprotein; LDL, low-density lipoprotein; BMI, body mass index; hyperthermia diet indicator (Hyper-
thermia diet_2). PSM was employed to adjust for baseline covariates between the control and observation groups. 
Standardized mean differences (SMDs) were used to assess the balance of covariates before and after matching.

Comparison of islet cell function after PSM 
matching

This study compared the changes in islet cell 
function (FI and HOMA-IR values) before medi-

cation, 1 day before surgery, and 1 week after 
surgery between the control and observation 
groups after PSM matching. Before treatment, 
there were no statistically significant differenc-
es in FI and HOMA-IR values (P values were 1 
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Figure 6. Changes in blood glucose levels (after PSM). A. Changes in FPG levels (after PSM). B. Changes in 2hPG 
levels (after PSM). C. Changes in HbA1c levels (after PSM). Note: FPG, Fasting plasma glucose; 2hPG, 2-hour post-
prandial glucose; HbA1c, glycated hemoglobin; PSM, propensity score matching.

Figure 7. Changes in islet cell function (after PSM). A. Changes in fasting 
insulin levels (after PSM). B. Changes in HOMA-IR values (after PSM). Note: 
HOMA-IR, homeostasis model assessment of insulin resistance; PSM, pro-
pensity score matching. ***P < 0.001.

and 0.096, respectively). However, 1 day before 
surgery and 1 week after surgery, the observa-

ferences in Scr, BUN, and UAER between the 
two groups (P values were 0.766, 0.921 and 

tion group showed signifi- 
cantly greater improvements 
in FI levels and HOMA-IR val-
ues compared to the control 
group. Specifically, 1 day be- 
fore surgery and 1 week after 
surgery, FI levels in the obser-
vation group were significantly 
higher than those in the con-
trol group (P < 0.001). HOMA-
IR values were significantly 
lower in the observation group 
(P < 0.001) (Figure 7).

Comparison of kidney func-
tion after PSM matching

This study compared the 
changes in kidney function 
(Scr, BUN, and UAER) before 
medication, 1 day before sur-
gery, and 1 week after surgery 
between the control and ob- 
servation groups after PSM 
matching. Before treatment, 
there were no significant dif-
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0.337, respectively). However, 1 day before sur-
gery and 1 week after surgery, the observation 
group showed significantly better improve-
ments in Scr, BUN, and UAER compared to the 
control group. Furthermore, the Scr, BUN, and 
UAER were significantly lower in the observa-
tion group (P < 0.05) (Figure 8).

Comparison of blood glucose, islet function, 
and kidney function in insulin resistance pa-
tients after PSM

Following PSM, we compared the blood glu-
cose, islet cell function, and kidney function 

between insulin resistance and non-resistance 
patients 1 week after surgery. The results 
showed that there were no statistically signifi-
cant differences in FPG (P = 0.780), 2hPG (P = 
0.193), or HbA1c (P = 0.685) between the in- 
sulin resistance and non-resistance groups. 
Similarly, FI levels showed no significant differ-
ences between the two groups (P = 0.605). 
However, Scr, BUN, and UAER were significantly 
higher in the insulin resistance group compared 
to the non-resistance group (P < 0.01), indicat-
ing a potential association between insulin 
resistance and kidney function decline (Table 
6).

Figure 8. Kidney function changes (after PSM). A. Changes in Scr levels (after PSM). B. Changes in BUN levels (after 
PSM). C. Changes in UAER levels (after PSM). Note: Scr, Serum creatinine; BUN, blood urea nitrogen; UAER, urinary 
albumin excretion rate; PSM, propensity score matching.

Table 6. Comparison of postoperative blood glucose, islet cell function and renal function indexes in 
patients with insulin resistance after PSM

Index Total Resistant Group  
(n = 45)

Non-Resistant Group 
(n = 15) Statistic P-Value

FPG 1 week after surgery 7.85 [6.14, 8.51] 7.86 [6.00, 8.50] 7.33±1.48 -0.286 0.78

2hPG 1 week after surgery 9.54 [8.31, 10.32] 9.83 [8.32, 10.34] 8.89±1.16 1.31 0.193

HbA1c 1 week after surgery 6.65±1.16 6.61±1.11 6.77±1.38 -0.412 0.685

Fasting insulin 1 week after surgery 11.71±1.52 11.67±1.62 11.86±1.10 -0.523 0.605

HOMA-IR 1 week after surgery 3.21±0.80 3.38 [3.01, 3.80] 2.15±0.45 5.904 < 0.001

Src 1 week after surgery 96.06 [87.23, 103.84] 100.42 [90.53, 105.08] 83.54±10.11 3.664 < 0.001

BUN 1 week after surgery 18.79±5.79 19.64±6.03 15.64±3.42 3.335 0.002

UAER 1 week after surgery 138.31 [130.93, 145.01] 140.87±8.85 130.18 [125.68, 133.88] 4.215 < 0.001
Note: FPG, Fasting plasma glucose; 2hPG, 2-hour postprandial glucose; HbA1c, glycated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; 
Scr, serum creatinine; BUN, blood urea nitrogen; UAER, urinary albumin excretion rate; PSM, propensity score matching.
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Comparison of baseline data between insulin 
resistance and non-insulin resistance groups 
after PSM matching

After PSM, this study compared the baseline 
data between the patients with insulin resis-
tance and those without. The results showed 
that the average age of the insulin resistance 
group was significantly higher than that of the 
non-resistance group (P = 0.031). There was a 
significant difference in BMI distribution 
between the two groups, with a higher propor-
tion of patients in the insulin resistance group 
having a BMI ≥ 25, while the non-resistance 
group had a higher proportion in the lower BMI 
category (BMI 18-22.9) (P < 0.001). Additionally, 
there were statistical differences between the 
groups regarding regular exercise (P = 0.012) 
and high-calorie diet (P = 0.003). Regarding 
laboratory indicators, only the 2hPG before 
treatment showed a significant difference 
between the groups (P = 0.011). Other factors, 
such as gender, history of hypertension, family 
history of diabetes, income level, marital sta-
tus, education level, smoking history, alcohol 
consumption, and other relevant indicators, did 
not show significant differences between the 
two groups (all P values > 0.05) (Table 7).

Risk factors for insulin resistance after PSM

Multivariate logistic regression analysis of 
PSM-matched data identified age and BMI as 
independent risk factors for insulin resistance. 
Each additional year of age increased the risk 
of insulin resistance by approximately 7.4 times 
(OR = 7.434, P = 0.025), and each unit increase 
in BMI raised the risk by approximately 6.8 
times (OR = 6.812, P = 0.003). Regular physical 
activity (P = 0.053) and high-fat diet (P = 0.005) 
were also associated with insulin resistance, 
with regular physical activity showing a trend 
toward significance and high-fat diet signifi-
cantly increasing the risk (OR = 0.044, P = 
0.005) (Table 8).

Nomogram model for predicting insulin resis-
tance

Based on significant risk factors identified in 
the multivariate analysis, a nomogram model 
was constructed to predict the risk of insulin 
resistance. The model incorporated age, BMI, 
and high-fat diet as predictors, assigning risk 
scores to each variable to calculate a total 

score for individual patients. For example, a 
high-risk patient had a total score of 117.2, 
reflecting high age, BMI, and high-fat diet 
scores, while a low-risk patient had a total 
score of 32, indicating lower scores for all vari-
ables. This model provides a practical tool for 
assessing the risk of insulin resistance in clini-
cal settings (Figure 9).

Discussion

T2DM is a globally prevalent chronic metabolic 
disorder, and its incidence continues to rise 
with socioeconomic development and lifestyle 
changes, posing a significant threat to public 
health [19, 20]. The findings of this study high-
light the significant benefits of combination 
therapy of SGLT2i and GLP-1RA in improving 
glycemic control and insulin sensitivity. 
Specifically, the observation group demonstrat-
ed significantly lower FPG, 2hPG, and Hb- 
A1c levels post-treatment, alongside marked 
improvements in the HOMA-IR, suggesting a 
protective effect on islet function. Furthermore, 
renal function in the observation group was 
notably superior compared to the control group, 
both 1 day and 1 week after treatment. PSM 
analysis further confirmed the advantages of 
the combination therapy, particularly in patients 
with severe insulin resistance.

Comparison with previous studies

The positive outcomes observed in our study 
are consistent with the findings of previous 
research. Kristensen et al. [21] reported a 
meta-analysis showing that GLP-1RA therapy 
reduces the incidence of MACE, including car-
diovascular death, stroke, myocardial infarc-
tion, renal events, and overall mortality, which 
parallels our results of improved cardiovascular 
outcomes in the observation group. Additionally, 
Gourdy et al. [22] highlighted the synergistic 
protective effects of GLP-1RA and SGLT2i in 
cardiovascular, renal, and metabolic diseases, 
which aligns with the results of this study. It is 
suggested that combination therapy not only 
improves glycemic control but also provides 
significant renal protection, improving both kid-
ney and heart health in T2DM patients.

During the initial analysis, significant differenc-
es in age and regular physical activity were 
noted between the observation and control 
groups, which could influence the reliability of 
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Table 7. Comparison of baseline data between insulin resistance and non-insulin resistance patients 
after PSM

Factor Total Resistant Group 
(n = 55)

Non-Resistant Group 
(n = 15) Statistic P-Value

Treatment Regimen 6.731 0.009
    Observation Group 35 (50.00%) 30 (54.55%) 5 (33.33%) 2.121 0.145
    Control Group 35 (50.00%) 25 (45.45%) 10 (66.67%)
Age (years) 62.06±7.18 58.53±5.15 63.02±7.39 -2.203 0.031
Sex
    Male 45 (64.29%) 37 (67.27%) 8 (53.33%) 0.997 0.318
    Female 25 (35.71%) 18 (32.73%) 7 (46.67%)
BMI (kg/m2)
    18-22.9 17 (24.29%) 8 (14.55%) 9 (60.00%) 14.268 < 0.001
    23-24.9 31 (44.29%) 26 (47.27%) 5 (33.33%)
    ≥ 25 22 (31.43%) 21 (38.18%) 1 (6.67%)
History of Hypertension
    Yes 15 (21.43%) 14 (25.45%) 1 (6.67%) 2.471 0.116
    No 55 (78.57%) 41 (74.55%) 14 (93.33%)
Family History of Diabetes
    Yes 22 (31.43%) 19 (34.55%) 3 (20.00%) 1.157 0.282
    No 48 (68.57%) 36 (65.45%) 12 (80.00%)
Average Monthly Income
    ≤ 2999 36 (51.43%) 27 (49.09%) 9 (60.00%) 1.157 0.561
    3000-4499 22 (31.43%) 19 (34.55%) 3 (20.00%)
    ≥ 4500 12 (17.14%) 9 (16.36%) 3 (20.00%)
Marital Status
    Married 63 (90.00%) 50 (90.91%) 13 (86.67%) 4.761 0.093
    Single 4 (5.71%) 4 (7.27%) 0 (0.00%)
    Other 3 (4.29%) 1 (1.82%) 2 (13.33%)
Education Level
    ≤ High School 26 (37.14%) 20 (36.36%) 6 (40.00%) 0.752 0.687
    College 29 (41.43%) 22 (40.00%) 7 (46.67%)
    ≥ Postgraduate 15 (21.43%) 13 (23.64%) 2 (13.33%)
Smoking History
    Yes 46 (65.71%) 35 (63.64%) 11 (73.33%) 0.492 0.483
    No 24 (34.29%) 20 (36.36%) 4 (26.67%)
Alcohol Consumption
    Yes 26 (37.14%) 21 (38.18%) 5 (33.33%) 0.119 0.730
    No 44 (62.86%) 34 (61.82%) 10 (66.67%)
Regular Physical Activity
    Yes 27 (38.57%) 17 (30.91%) 10 (66.67%) 6.360 0.012
    No 43 (61.43%) 38 (69.09%) 5 (33.33%)
High-Fat Diet
    Yes 53 (75.71%) 46 (83.64%) 7 (46.67%) 8.760 0.003
    No 17 (24.29%) 9 (16.36%) 8 (53.33%)
Cancer Type
    Clear Cell Renal Carcinoma 58 (82.86%) 45 (81.82%) 13 (86.67%) 2.175 0.337
    Papillary Renal Carcinoma 6 (8.57%) 4 (7.27%) 2 (13.33%)
    Other 6 (8.57%) 6 (10.91%) 0 (0.00%)
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SBP (mmHg) 137.86±13.88 138.00±16.10 137.82±13.37 0.045 0.965
DBP (mmHg) 79.80±8.53 78.13±7.86 80.26±8.72 -0.852 0.397
HDL (mmol/L) 1.00±0.25 1.02±0.20 0.99±0.26 0.342 0.734
LDL (mmol/L) 3.27±0.75 3.14±0.90 3.30±0.71 -0.761 0.449
Pre-treatment FPG (mmol/L) 11.92±0.81 11.56±0.70 12.02±0.81 -2.023 0.047
Pre-treatment 2hPG (mmol/L) 14.88±0.90 15.07±0.89 14.83±0.90 0.905 0.368
Pre-treatment HbA1c (%) 9.50±1.14 9.25±1.12 9.57±1.14 -0.963 0.339
Pre-treatment Fasting Insulin (μg/L) 15.40±1.19 15.56±0.74 15.36±1.28 0.597 0.552
Pre-treatment HOMA-IR 4.80±0.54 4.79±0.56 4.81±0.55 -0.126 0.900
Note: BMI, Body mass index; FPG, fasting plasma glucose; 2hPG, 2-hour postprandial glucose; HbA1c, glycated hemoglobin; 
HOMA-IR, homeostasis model assessment of insulin resistance; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
HDL, high-density lipoprotein; LDL, low-density lipoprotein; PSM, propensity score matching.

Table 8. Analysis of the risk factors for insulin resistance after PSM
Variable Estimate SE P Value OR Lower Upper
Age 2.006 0.893 0.025 7.434 1.444 53.133
BMI 1.919 0.638 0.003 6.812 2.215 28.715
Regular Physical Activity 1.790 0.926 0.053 5.989 1.095 46.431
High-Fat Diet -3.119 1.114 0.005 0.044 0.003 0.309
Note: BMI, Body mass index; OR, odds ratio; SE, standard error; PSM, propensity score matching.

Figure 9. Nomogram model for predicting the risk of insulin resistance. A nomogram model incorporating key risk 
factors (age, BMI, and high-fat dietary habits) for predicting the risk of insulin resistance, showing patient-specific 
total risk scores and corresponding probabilities of insulin resistance. Note: BMI, Body mass index; OR, odds ratio.

the results. To address potential confounding 
factors and balance baseline characteristics, 
PSM was employed [23]. By calculating the pro-
pensity score for each patient, PSM ensured 
comparability between the groups, minimizing 
selection bias. Mittman et al. [24] emphasized 
that PSM is widely applied in retrospective 
studies to optimize baseline balance, thereby 
enhancing the credibility of the findings. 
Following PSM adjustment, the clinical charac-

teristics between the groups were well-
matched, providing a solid basis for comparing 
treatment outcomes.

Mechanisms of the combined therapy

Following treatment, the observation group 
receiving the SGLT2i and GLP-1RA combination 
demonstrated superior blood glucose control 
compared to the control group. Notably, the 
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observation group exhibited significant reduc-
tions in FPG, 2hPG, and HbA1c, coupled with 
improvements in HOMA-IR, suggesting a bene-
ficial effect on blood glucose fluctuations and 
insulin sensitivity. Furthermore, insulin function 
improved significantly in the observation group, 
reflecting protection of pancreatic β-cells. In 
contrast, no significant changes were observed 
in the control group, confirming the superiority 
of the combination therapy. Riley et al. [25] con-
ducted a study showing that the combination of 
SGLT2i and GLP-1RA reduced all-cause mortal-
ity and hospitalization risk over a 5-year follow-
up, providing further support for its long-term 
efficacy and safety.

SGLT2i reduces blood glucose by promoting uri-
nary glucose excretion while also aiding in 
weight reduction and protecting renal and car-
diac functions [26]. This mechanism is consis-
tent with previous studies showing that SGLT2i 
significantly mitigate renal function decline, 
particularly in patients with elevated albumin-
uria [27]. GLP-1RA helps control blood glucose 
by stimulating insulin secretion, delaying gas-
tric emptying, enhancing satiety, and reducing 
body weight [28]. D’Marco et al. [29] showed 
that both SGLT2i and GLP-1RA exhibited signifi-
cant anti-inflammatory and antioxidant effects, 
helping alleviate oxidative stress, improve 
chronic inflammation, and enhance insulin sen-
sitivity, which may further reduce cardiovascu-
lar and metabolic risks. The complementary 
actions of the two drugs suggest that their com-
bined use could result in more significant 
improvements in blood glucose regulation and 
pancreatic cell function.

In addition, the observation group showed bet-
ter renal function improvement compared to 
the control group, with significant reductions in 
Scr, BUN, and UAER both 1 day before surgery 
and 1 week after treatment. These findings 
indicate that the combination therapy not only 
offers excellent blood glucose control but also 
provides potential renal protection. This is con-
sistent with Edmonston et al.’s [30] findings, 
where SGLT2i significantly reduced the risk of 
estimated glomerular filtration rate (eGFR) 
decline compared to other treatments. SGLT2i 
reduces renal glucose reabsorption, alleviating 
the metabolic burden on the kidneys, while also 
reducing hypertension and proteinuria, which 
helps protect renal function. GLP-1RA may pro-
tect the kidneys by enhancing insulin sensitivity 

and reducing systemic inflammation. The com-
bined action of these two drugs provides supe-
rior renal protection by mitigating oxidative 
stress, improving vascular function, and reduc-
ing chronic inflammation.

Influence of risk factors

The study identified age, BMI, and high-fat 
dietary habits as key factors influencing glyce-
mic control and insulin sensitivity. These fac-
tors, closely linked to patients’ metabolic 
states, are important in optimizing treatment 
strategies. Age emerged as a significant risk 
factor, with each additional year increasing the 
risk of insulin resistance by 7.4 times (OR = 
7.434, P = 0.025). This is likely due to age- 
related metabolic decline, reduced insulin 
secretion capacity, and an increased preva-
lence of comorbidities. Duan et al. [31] report-
ed that age-related metabolic abnormalities 
were strongly associated with cardiovascular 
and all-cause mortality, particularly in individu-
als under 65 years. Older patients may also 
have reduced drug tolerance, increasing the 
risk of treatment-related adverse events such 
as hypoglycemia or weight loss, which may 
affect the sustainability of therapeutic out- 
comes.

BMI was another critical factor, with each unit 
increase significantly raising the risk of insulin 
resistance by 6.812 times (P = 0.003). High 
BMI is strongly associated with insulin resis-
tance due to increased inflammation and 
impaired insulin signaling caused by excess 
adipose tissue. Wu et al. [32] found that high 
BMI not only correlated with insulin resistance 
but may also exacerbated metabolic dysfunc-
tion by increasing β-cell dysfunction risk. 
Moreover, high BMI patients are at a signifi-
cantly higher risk of insulin resistance and met-
abolic disorders, highlighting the importance of 
targeting BMI reduction in treatment strategies 
[33]. Nikrad et al. [34] emphasized that opti-
mizing carbohydrate quality in the diet could 
significantly reduce insulin resistance risk in 
high-BMI patients and improve cardiometabol-
ic health. For patients with high BMI, combina-
tion therapy with SGLT2i and GLP-1RA can alle-
viate insulin resistance by reducing weight and 
improving metabolic status. However, lifestyle 
modifications, including dietary management 
and exercise, are essential to optimizing treat-
ment outcomes.
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The study also found that avoiding high-fat 
dietary habits was protective. Patients who did 
not frequently consume high-fat diets had a sig-
nificantly lower risk of insulin resistance (OR = 
0.044, P = 0.005), consistent with research 
linking high-calorie intake to insulin resistance. 
High-fat diets can lead to excess energy intake 
and fat accumulation, worsening insulin resis-
tance. González-González et al. [35] found that 
high-calorie diets significantly increased insulin 
resistance and metabolic disorders through 
chronic inflammation and lipotoxicity. Reducing 
high-fat diets and limiting excessive calorie 
consumption are critical for improving insulin 
resistance and metabolic health.

Based on these findings, individualized treat-
ment strategies should be adopted in clinical 
practice. For older patients, enhanced monitor-
ing of comorbidities and appropriate adjust-
ments to medication doses are crucial. For 
patients with high BMI, SGLT2i and GLP-1RA 
combination therapy should be prioritized 
alongside weight management. For those with 
high-fat dietary habits, nutritional counseling to 
reduce calorie intake and optimize dietary com-
position should be integrated into the treat-
ment plan to enhance metabolic outcomes.

A nomogram model based on the identified risk 
factors was developed to provide a more intui-
tive assessment of insulin resistance risk and 
treatment response. Although the model was 
constructed with post-PSM data, it utilized pre-
PSM data to ensure sufficient sample size and 
robustness. Validation of the model in two ran-
domly selected patients demonstrated that 
age, BMI, and high-fat dietary habits were 
effective predictors of treatment response and 
insulin sensitivity improvements. The consis-
tency of risk scores with actual treatment out-
comes further validated the model’s reliability 
and clinical applicability.

This study provides valuable insights into the 
combined use of SGLT2i and GLP-1RA for dia-
betes treatment. However, its limitations 
include the small sample size and single-center 
design, which may limit the generalizability of 
the findings. The short follow-up period also 
leaves the long-term efficacy and safety unveri-
fied. Future studies should include larger sam-
ple size, multi-center design, extended follow-
up periods, and additional metabolic indicators, 

such as body weight and lipid profiles, for a 
comprehensive evaluation. Moreover, further 
research is needed to explore individualized 
treatment strategies for different diabetes sub-
types, such as obese or insulin-deficient types.

Conclusion

Combination therapy with SGLT2i and GLP-1RA 
significantly improves glycemic control, insulin 
sensitivity, and renal function in patients with 
diabetes, and this combination therapy is par-
ticularly effective in patients with severe insulin 
resistance. Furthermore, risk factor analysis 
identified age, BMI, and lack of a healthy diet as 
key factors influencing treatment outcomes.
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Table S1. Comparison of baseline patient data after PSM
Factor Total Control Group (n=35) Observation Group (n=35) Statistic P-Value
Age (years) 62.00 [58.00, 66.00] 62.00 [59.50, 65.50] 60.00 [57.00, 66.00] 0.494 0.621
Sex
    Male 45 22 23 0.062 0.803
    Female 25 13 12
BMI (kg/m²)
    18-22.9 17 6 11 2.230 0.328
    23-24.9 31 16 15
    ≥25 22 13 9
History of Hypertension
    Yes 15 8 7 0.085 0.771
    No 55 27 28
Family History of Diabetes
    Yes 22 11 11 0.000 1.000
    No 48 24 24
Average Monthly Income
    ≤2999 36 19 17 0.444 0.801
    3000-4499 22 11 11
    ≥4500 12 5 7
Marital Status
    Married 63 31 32 1.349 0.509
    Single 4 3 1
    Other 3 1 2
Education Level
    ≤High School 26 16 10 2.295 0.317
    College 29 13 16
    ≥Postgraduate 15 6 9
Smoking History
    Yes 46 23 23 0.000 1.000
    No 24 12 12
Alcohol Consumption
    Yes 26 13 13 0.000 1.000
    No 44 22 22
Regular Physical Activity
    Yes 27 13 14 0.060 0.806
    No 43 22 21
High-Fat Diet
    Yes 53 25 28 0.699 0.403
    No 17 10 7
Cancer Type
    Clear Cell Renal Carcinoma 58 30 28 0.736 0.692
    Papillary Renal Carcinoma 6 2 4
    Other 6 3 3
SBP (mmHg) 137.857±13.876 135.514±13.502 140.200±14.039 1.423 0.159
DBP (mmHg) 79.800±8.529 79.886±7.387 79.714±9.645 -0.083 0.934
HDL (mmol/L) 1.000±0.249 1.013±0.197 0.987±0.295 -0.438 0.663
LDL (mmol/L) 3.266±0.750 3.201±0.749 3.330±0.757 0.717 0.476


