
ONCOLOGY LETTERS  29:  173,  2025

Abstract. Malignant melanoma, a highly malignant tumor 
predominantly found on the skin surface, has exhibited an 
alarming rise in both incidence and mortality rates annually 
since 2012. Despite its relatively low occurrence among skin 
malignancies, the mortality rate of malignant melanoma 
remains disproportionately high. The prognosis relies heavily 
on early stage detection, with a significant disparity in survival 
rates between stage I and stage IV patients. Studies exploring 
insulin resistance (IR) as a potential risk factor for malignant 
melanoma are scarce. The present study therefore investi‑
gated the association between the triglyceride glucose (TyG) 
index, an indicator of IR, and malignant melanoma incidence. 
Retrospective data from patients diagnosed with malignant 
melanoma at the First Affiliated Hospital of Nanjing Medical 
University (Nanjing, China) between January 2019 and January 
2024 were collected. Basic information, including age, sex 
and body mass index, and hematological test results, such as 
those for fasting triglycerides and fasting blood glucose, were 
analyzed. Logistic regression analysis and receiver operating 
characteristic (ROC) curve analysis were employed to explore 
the association between melanoma risk and the TyG index. A 
total of 403 participants, including 272 patients with malig‑
nant melanomas and 131 patients with nevi, were included 
in the study. The melanoma group exhibited significantly 
higher levels of the TyG index compared with the control 
group (P<0.001). Univariate and multivariable logistic regres‑
sion analyses revealed the TyG index as an independent risk 

factor for melanoma incidence (OR, 6.33; 95% CI, 3.56‑11.27; 
P<0.001). Incidence rates of melanoma significantly increased 
across tertiles of the TyG index (P<0.001). The ROC curve 
analysis identified a clinically acceptable predictive cutoff 
point for the TyG index. The present study therefore provides 
evidence that the TyG index is a significant risk factor for the 
incidence of malignant melanoma. The findings underscore 
the potential utility of the TyG index as a biomarker for 
diagnosing melanoma and suggest new avenues for melanoma 
treatment strategies.

Introduction

Malignant melanoma is a highly malignant tumor that typi‑
cally arises on the skin surface, with a minority of lesions 
occurring in locations such as the intestines, nasal cavity 
and uveal tract (1). Both the incidence and mortality rates of 
malignant melanoma have shown a rising trend year by year 
between 2012 and 2020 (2). Although malignant melanoma 
accounts for <1% of all skin malignancies, its mortality rate 
accounts for 75% of all associated deaths from skin malignan‑
cies (2). The prognosis of patients with malignant melanoma 
is closely associated with the stage at diagnosis, with a 5‑year 
survival rate of >90% for stage I patients, which is markedly 
superior to that of stage IV patients (35%) (2,3). Major risk 
factors for malignant melanoma include exposure to ultra‑
violet radiation, large congenital nevi and genetic mutations in 
cyclin‑dependent kinase inhibitor 2A (CDKN2A) and CDK4, 
among others (4‑6). Given the generally poor prognosis of 
patients with melanoma, greater emphasis should be placed on 
this disease.

Insulin resistance (IR) is a response in which the body's 
insulin‑mediated regulation of blood glucose diminishes due 
to energy surplus, and is closely linked with obesity, type 
2 diabetes and fatty liver disease (7‑9). In recent years, an 
increasing body of research has suggested that the impact 
of IR extends beyond endocrinology and cardiovascular 
fields, also promoting the progression of malignant tumors, 
including breast, colorectal, thyroid and lung cancer (10‑13). 
However, studies on the association between IR and malignant 
melanoma are currently lacking. The hyperglycemic clamp 
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technique serves as the gold standard for diagnosing IR, but 
its complexity and high cost mean that it is difficult to widely 
adopt in clinical practice (14). By contrast, the TyG index has 
been proven to be a simple and accurate marker of IR, more 
suitable for clinical application (15). Therefore, the present 
study aimed to explore the association between the TyG index, 
a marker of IR, and malignant melanoma.

Patients and methods

Study population. Basic information and hematological 
test results, including age, gender, body mass index (BMI), 
medical history, fasting triglyceride level and fasting blood 
glucose level, were retrospectively collected from patients 
diagnosed with malignant melanoma at the First Affiliated 
Hospital of Nanjing Medical University (Nanjing, China) 
between January 2019 and January 2024. All included 
patients underwent standard surgical treatment (consisting 
of laparoscopic colectomy and lymphadenectomy). Inclusion 
criteria comprised histopathological diagnosis of a malig‑
nant melanoma or nevus, age >18 years, no prior treatment, 
and sufficient baseline and hematological information. 
Exclusion criteria included a history of other tumors, use of 
lipid‑lowering or blood glucose‑lowering medications within 
a month of diagnosis, other disorders or conditions affecting 
lipid or glucose metabolism, and acute inflammation at the 
time of diagnosis. Diabetic patients were also excluded for the 
following reasons: i) To reduce the confounding effects of IR: 
Diabetic patients typically experience IR and glucose metabo‑
lism abnormalities, leading to significantly elevated IR and 
TyG index values (16). Including diabetic patients in the study 
would introduce additional variability in the TyG index, which 
could obscure the true association between the TyG index and 
melanoma, thereby reducing the specificity and reliability of 
the results. ii) To avoid reverse causality interference: Diabetes 
may increase the risk of malignancies through metabolic 
inflammation (17). Therefore, diabetes could play a role in 
the mechanisms underlying melanoma development. Without 
excluding diabetic patients, the results could be confounded 
by the potential impact of diabetes itself on melanoma risk, 
making it difficult to establish an independent associa‑
tion between the TyG index and melanoma. iii) To enhance 
homogeneity of the study sample: Diabetic patients differ 
significantly from non‑diabetic individuals in terms of meta‑
bolic characteristics, medication use and other factors (18). By 
excluding diabetic patients, sample heterogeneity was reduced, 
thereby increasing the consistency of the data. This allowed 
the changes in the TyG index among non‑diabetic melanoma 
patients to be more representative.

To minimize potential confounding effects from undiag‑
nosed diabetes or metabolic syndrome, the following patients 
were excluded: i) All patients with a fasting glucose level 
>7.0 mmol/l; ii) those patients with HbA1c >6%; iii) patients 
with marked symptoms such as polydipsia, polyphagia, 
polyuria and unexplained weight loss; iv) those with a family 
history of diabetes in first‑degree relatives; and v) patients 
with severe obesity (BMI >30 kg/m2). All relevant examina‑
tions were completed and data collected within 3 days prior to 
diagnosis. Initially, 301 patients were enrolled in this study, 10 
of whom were excluded due to pre‑existing diabetes, 16 due to 

recent use of lipid‑lowering medications and 3 due to insuffi‑
cient information, resulting in a final inclusion of 272 patients 
with melanoma. Additionally, 131 patients with pathological 
diagnoses of nevi were included as the control group. The 
same exclusion criteria were applied to the control patients.

This study received approval from the Ethics Committee 
of the First Affiliated Hospital of Nanjing Medical University 
and adheres to the principles outlined in the Declaration of 
Helsinki (protocol code, 2024‑SR‑066; date of approval, 
2024‑02‑27).

Measurements. In a fasting state, 3‑5 ml of blood was drawn 
from the median cubital vein into a vacuum tube. The blood 
sample was centrifuged at 1,000 x g for 10‑15 min at 20˚C 
to separate plasma from blood cells (centrifuge model 
no. 5804/5804R; Eppendorf SE). Glucose concentration was 
measured using the glucose oxidase method with photometric 
detection [PGI‑101; Glucose Colorimetric Detection Kit; 
Thermo Fisher Scientific, Inc.] according to the manufac‑
turer's instructions. Triglyceride concentration was measured 
using the glycerol oxidase‑peroxidase method (TR22421; 
Triglyceride Reagent; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's instructions. Blood was collected from 
the individuals enrolled in the study for the purpose of diag‑
nosis and treatment. The method of calculating the TyG index 
was: TyG=ln [TG (mg/dl) x fasting blood glucose (mg/dl)/2].

Statistical analysis. The statistical analysis was conducted 
using IBM SPSS (version 27.0; IBM Corp.). Data normality 
was assessed using the Shapiro‑Wilk test. Categorical vari‑
ables were described using numbers and percentages, while 
continuous variables were described using means and stan‑
dard deviations. Continuous variables were compared using 
either independent t‑tests or Mann‑Whitney U tests. χ2 tests 
were utilized for comparing categorical variables. Univariate 
and multivariate logistic regression analysis was employed to 
investigate the association between melanoma risk and the 
TyG index. The optimal cutoff value of the TyG index was 
determined using a receiver operating characteristic (ROC) 
curve, with calculations of area under the curve, sensitivity 
and specificity. Patients were stratified into three groups based 
on tertiles of the TyG index, and χ2 tests were used to compare 
incidence rates among the three groups. P<0.05 (two‑sided) 
was used to indicate a statistically significant difference.

Results

Baseline characteristics. A total of 403 participants were 
included in this study. Among them, there were 272 patients 
with malignant melanoma and 131 patients with nevi, defined 
as the melanoma group and the control group, respectively. The 
age range of patients in the melanoma group was 19 to 76 years 
(mean ± SD, 59.07±13.70), while that in the control group was 
35 to 78 years (mean ± SD, 57.79±12.09). In the melanoma 
group, 188 (69.1%) patients had the acral histological type, 26 
(9.6%) the mucosal type and 44 (16.2%) the cutaneous type, 
while 14 (5.1%) were of unknown type. Compared with the 
control group, the melanoma group exhibited a higher TyG 
index (P<0.001). There was also a difference in the drinking 
history between the two groups (P=0.037). However, there 
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were no significant differences between the two groups in 
terms of age, gender, BMI, smoking history, presence of hyper‑
tension or presence of hyperlipidemia (P>0.05). Demographic 
and clinical characteristics of all participants are presented in 
Table I.

Association between malignant melanoma risk and the TyG 
index. The optimal cutoff value of the TyG index was 8.87. The 
TyG index was categorized into high and low groups according to 
the cutoff value. The results of univariate logistic regression anal‑
ysis indicated that the melanoma group had a significantly higher 
TyG index (OR, 6.45; 95% CI 3.64‑11.43; P<0.001; Table II). 
Variables with P<0.1 were further included in the multivariate 
logistic regression analysis. This analysis demonstrated that the 
TyG index (OR, 6.33; 95% CI, 3.56‑11.27; P<0.001; Table II) was 
independently associated with the melanoma incidence.

Since the most common pathological type in this study 
was acral melanoma (69.1%), a logistic regression analysis 
was performed for patients with acral melanoma alone. The 
results of univariate logistic regression analysis indicated that 
there were differences in hypertension (OR, 1.85; 95% CI, 
1.05‑3.27; P=0.034; Table III) and TyG index (OR, 6.09; 95% 
CI, 3.26‑11.37; P<0.001; Table III) between the two groups. 
The results of multivariate logistic regression showed that TyG 
index was also independently associated with the onset of acral 
melanoma (OR, 6.33; 95% CI, 3.34‑11.97; P<0.001; Table III).

Given the differences in insulin sensitivity between 
sexes (19), the TyG index was analyzed separately for males 
and females. The results of univariate logistic regression 
analysis indicated that the melanoma group had a signifi‑
cantly higher TyG index in both males (OR, 6.63; 95% CI, 
2.85‑15.41; P<0.001; Table IV) and females (OR, 9.09; 95% 
CI, 3.44‑24.06; P<0.001; Table V). The multivariate logistic 
regression results also indicated that the TyG index was an 
independent predictor of malignant melanoma in both males 
(OR, 6.44; 95% CI, 2.75‑15.06; P<0.001; Table IV) and females 
(OR, 10.04; 95% CI, 3.71‑27.17; P<0.001; Table V). Notably, 
in females, the univariate logistic regression results indicated 
that there was no difference in hypertension (OR, 2.08; 95% 
CI, 0.98‑4.42; P=0.058; Table V) between the two groups, but 
the multivariate logistic regression results showed that hyper‑
tension was an independent predictor of malignant melanoma 
(OR, 2.53; 95% CI, 1.10‑5.83; P=0.029; Table V).

Incidence of malignant melanoma compared across the tertiles 
of the TyG index. Dividing the data into tertiles (from low to 
high based on the variable) can help identify the association 
between the levels of the variable (TyG index) and disease risk. 
This method allows the observer to assess whether there is a 
gradient change in the incidence rate across the low (tertile 1), 
medium (tertile 2) and high groups (tertile 3). Additionally, tertile 
grouping is a commonly used statistical method that evenly 
distributes sample sizes, preventing an imbalance in group 
distribution that could affect the robustness of the statistical 
results. This method has also been applied in a study exploring 
the risk factors for non‑small cell lung cancer (NSCLC), where 
the incidence of NSCLC was observed to consistently increase 
along the tertiles of the TyG index (10). To further investigate 
the incidence rates among populations with different levels of 
the TyG index, all patients in the present study were divided 
into three groups based on tertiles of the TyG index (tertile 
1, minimum to 8.29; tertile 2, 8.29 to 8.83; tertile 3, 8.83 to 
maximum). Fig. 1 indicates a rising trend in the incidence rates 
across the three groups, with statistically significant differences 
observed (27.9 vs. 48.9 vs. 77.3%; P<0.001).

Value of the TyG index for predicting the incident of malignant 
melanoma. An ROC curve was generated for the TyG index 
(area under the curve, 0.748; standard error, 0.03; P<0.001; 95% 
CI, 0.69‑0.806; Fig. 2), with the optimal cut‑off point for the 
TyG index determined to be 8.87 (sensitivity, 50%; specificity, 
88.5%). This implies that the TyG index is a clinically accept‑
able predictive indicator for the risk of malignant melanoma.

Discussion

Malignant melanoma stands as one of the most malignant 
tumors, and despite advancements in immunotherapeutic 
and targeted approaches that have somewhat ameliorated the 

Figure 1. Incidence of malignant melanoma compared using the tertiles of 
the triglyceride‑glucose index.

Figure 2. Receiver operative characteristic curves of the triglyceride‑glucose 
index for predicting the incidence of malignant melanoma.
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prognosis, the 5‑year survival rate for late‑stage malignant 
melanoma patients remains poor (35.1%) (2). Established 
high‑risk factors for malignant melanoma include exposure to 
ultraviolet radiation, large congenital nevi and certain genetic 
mutations (4‑6). However, despite measures taken to address 
these high‑risk factors, the incidence of malignant melanoma 
continues to rise annually (2). This prompts the exploration of 
new high‑risk factors for malignant melanoma occurrence. The 
present study suggested that the TyG index, indicative of IR, 
is an independent risk factor for malignant melanoma occur‑
rence. IR is a potential mechanism underlying elevated TyG 
index values, and TyG index may serve as a surrogate marker 
for IR (15). Although the hyperinsulinemic‑euglycemic clamp 
technique is considered the gold standard for diagnosing IR, 
its high cost and complexity limit its routine application (14). 

Therefore, the present study utilized the TyG index as a substi‑
tute for IR and elaborated on the underlying mechanisms. The 
study was retrospective in nature, and fasting insulin levels 
could not be obtained, limiting the ability to provide direct 
evidence of IR. These aspects will carefully be considered in 
future research. To the best of our knowledge, this is the first 
study to investigate the association between the TyG index and 
malignant melanoma incidence.

Independent t‑tests, Mann‑Whitney U tests and χ2 tests 
were used to analyze baseline variables. Other than TyG index, 
there was also a significant difference between the two groups 
in terms of drinking history (P=0.037). Multiple studies 
have long established that alcohol consumption is a high‑risk 
factor for the development of malignant tumors (20). Recent 
studies have also shown a close association between alcohol 

Table I. Baseline clinicopathological characteristics of patients.

Variables All patients (n=403) Melanoma group (n=272) Control group (n=131) P‑value

Age, years
  <65 259 (64.3) 180 (66.2) 79 (60.3) 0.120
  >65 144 (35.7) 92 (33.8) 52 (39.7)
Sex
  Male 207 (51.4) 146 (53.7) 61 (46.6) 0.181
  Female 196 (48.6) 126 (46.3) 70 (53.4)
Mean BMI ± SD 22.28±2.49 22.39±2.56 22.17±2.29 0.527
Histology
  Acral / 188 (69.) / /
  Mucosal / 26 (9.6) / /
  Cutaneous / 44 (16.2) / /
  Unknown / 14 (5.1) / /
Clinical stage
  I / 46 (16.9) / /
  II / 82 (30.1) / /
  III / 112 (41.2) / /
  IV / 32 (11.8) / /
Smoking    
  Yes 100 (24.8) 68 (25.0) 32 (24.4) 0.9.1
  No 303 (75.2) 204 (75.0) 99 (75.6) 
Drinking
  Yes 64 (15.9) 36 (13.2) 28 (21.4) 0.037
  No 339 (84.1) 236 (86.8) 103 (78.6)
Hypertension 
  Yes 132 (32.8) 98 (36.0) 34 (26.0) 0.054
  No 271 (67.2) 174 (64.0) 97 (74.0) 
Hyperlipemia
  Yes 156 (38.7) 114 (41.9) 42 (32.1) 0.058
  No 247 (61.3) 158 (58.1) 89 (67.9)
Mean fasting blood glucose ± SD 4.89±1.11 5.05±1.31 4.86±0.71 0.124
Mean fasting triglycerides ± SD 1.46±0.81 1.49±0.91 1.41±0.65 
Mean TyG index ± SD 8.56±0.59 8.80±0.54 8.31±0.52 <0.001

BMI, body mass index; TyG, triglyceride‑glucose.
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consumption and MM. Alcohol intake may increase the 
severity of sunburn, which is a well‑known high‑risk factor for 
MM, and this could be a potential mechanism by which alcohol 
promotes MM (21). A Mendelian randomization analysis in 

2023 suggested that alcohol consumption had a positive effect 
on the development of skin MM (OR, 2.23; 95% CI, 1.11‑4.47; 
P=0.02) (22). A meta‑analysis also indicated that alcohol 
consumption might be associated with an increased risk of 

Table II. Univariate and multivariate analysis of risk factors for melanoma.

 Univariate analysis Multivariate analysis
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics OR 95% CI P‑value OR 95% CI P‑value

Age (>65/<65 years) 0.78 0.47‑1.28 0.320   
Sex (female/male) 0.25 0.47‑1.22 0.752   
BMI (18.5‑23.9/>24 kg/m2) 1.05 0.95‑1.15 0.350   
Smoking status (yes/no) 1.03 0.59‑1.80 0.914   
Drinking status (yes/no) 0.56 0.29‑1.07 0.081 0.58 0.29‑1.18 0.134
Hypertension (yes/no) 1.61 0.95‑2.72 0.076 1.47 0.83‑2.61 0.186
Hyperlipemia (yes/no) 1.53 0.93‑2.52 0.106   
TyG index (>8.87/<8.87) 6.45 3.64‑11.43 <0.001 6.33 3.56‑11.27 <0.001

BMI, body mass index; TyG, triglyceride‑glucose; OR, odds ratio; CI, confidence interval.

Table III. Univariate and multivariate analysis of risk factors for acral melanoma.

 Univariate analysis Multivariate analysis
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics OR 95% CI P‑value OR 95% CI P‑value

Age (>65/<65 years) 0.59 0.50‑1.49 0.861   
Sex (female/male) 0.67 0.39‑1.15 0.147   
BMI (18.5‑23.9/>24 kg/m2) 1.10 0.99‑1.23 0.089 1.14 1.01‑1.28 0.044
Smoking status (yes/no) 0.95 0.51‑1.76 0.859   
Drinking status (yes/no) 0.59 0.29‑1.21 0.151   
Hypertension (yes/no) 1.85 1.05‑3.27 0.034 1.59 0.86‑2.96 0.142
Hyperlipemia (yes/no) 1.57 0.91‑2.72 0.108   
TyG index (>8.87/<8.87) 6.09 3.26‑11.37 <0.001 6.33 3.34‑11.97 <0.001

BMI, body mass index; TyG, triglyceride‑glucose; OR, odds ratio; CI, confidence interval.

Table IV. Univariate and multivariate analysis of risk factors for melanoma in male patients.

 Univariate analysis Multivariate analysis
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics OR 95% CI P‑value OR 95% CI P‑value

Age (>65/<65 years) 0.69 0.35‑1.37 0.285   
BMI (18.5‑23.9/>24 kg/m2) 1.09 0.95‑1.26 0.209   
Smoking status (yes/no) 0.70 0.35‑1.41 0.321   
Drinking status (yes/no) 0.51 0.24‑1.06 0.070 0.55 0.25‑1.23 0.144
Hypertension (yes/no) 1.25 0.59‑2.59 0.559   
Hyperlipemia (yes/no) 1.44 0.72‑2.88 0.300   
TyG index (>8.87/<8.87) 6.63 2.85‑15.41 <0.001 6.44 2.75‑15.06 <0.001

BMI, body mass index; TyG, triglyceride‑glucose; OR, odds ratio; CI, confidence interval.

https://www.spandidos-publications.com/10.3892/ol.2025.14919
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melanoma, but residual confounding factors and bias could 
not be ruled out (23). This is contrary to the present findings, 
where an initial rank‑sum test revealed that the control groups 
had a higher drinking rate (P=0.037). However, subsequent 
univariate and multivariate logistic regression analyses did not 
show an association between alcohol consumption and MM 
(P=0.081 and P=0.134, respectively). Therefore, the associa‑
tion between alcohol consumption and MM requires further 
exploration through large‑scale prospective studies. However, 
it is important to note that this variable was not the primary 
focus of the present study, and its significance does not alter 
the central conclusions regarding the association between the 
TyG index and melanoma risk.

IR arises from diminished responsiveness to insulin in the 
body. Initial research predominantly focused on the associa‑
tion of IR with cerebrovascular and cardiovascular diseases, 
diabetes and other endocrine disorders (such as Cushing's 
syndrome and hyperuricemia) (7,9,24). However, subsequent 
studies have revealed significant implications of IR in the 
onset and progression of tumors. A comparative study by 
Panigoro et al (11) involving 212 patients with breast cancer and 
212 healthy individuals demonstrated a non‑linear correlation 
between the TyG index and breast cancer risk, with individuals 
having a TyG index >8.87 facing a three‑fold increase in breast 
cancer risk. This finding aligns with results from a large‑scale 
study indicating a correlation between IR and breast cancer 
incidence in postmenopausal women (25). Furthermore, 
research by Li et al (13) on patients with colorectal cancer 
suggested an association between elevated TyG index and an 
increased risk of colorectal cancer. Similarly, Yan et al (10) 
demonstrated that a higher TyG index elevated the risk of 
NSCLC. The value of the TyG index is also reflected in renal 
cell carcinoma. A retrospective study by Qin et al (26) showed 
that individuals with a higher TyG index had a higher inci‑
dence of renal cell carcinoma, and that patients with renal cell 
carcinoma had a poor prognosis. This is consistent with the 
present study showing the predictive value of IR (TyG index) 
for cancer. To the best of our knowledge, this is the first study 
to explore the association between TyG index and melanoma 
incidence. These studies corroborate our conclusion that IR, 
or a higher TyG index, represents a significant risk factor for 
malignant melanoma incidence.

IR leads to hyperinsulinemia, which is one of the 
mechanisms through which IR promotes tumor onset and 
progression (27). Insulin binding to the insulin receptor 
(INSR) activates the PI3K/Akt/mTOR pathway, thereby 
exerting its effects on promoting angiogenesis, cell prolifera‑
tion and differentiation (28). Additionally, INSR‑A has been 
shown to be upregulated in various tumors (such as breast and 
lung cancer) (29). Therefore, the interaction between elevated 
insulin levels and upregulated INSR‑A plays a crucial role in 
promoting tumor onset and development. For instance, in an 
animal model study by Zhang et al (30), a decrease in insulin 
levels significantly reduced the incidence of pancreatic cancer 
precursor lesions. Similarly, a 16‑year observational study 
found that individuals with higher blood insulin concentra‑
tions had a significantly higher risk of pancreatic cancer 
compared with those with lower blood insulin concentra‑
tions (31). By contrast, the indirect reduction of blood insulin 
levels by metformin demonstrated anticancer effects (32). The 
anticancer properties of metformin stem from its ability to 
activate adenosine 5'‑monophosphate‑activated protein kinase, 
thereby inhibiting mTOR signaling and protein synthesis, 
ultimately suppressing cell proliferation (33). Several studies 
have indicated that metformin can inhibit the proliferation 
of various tumors, including lung and breast cancer (34,35). 
This highlights the importance of not only recognizing the 
role of IR in promoting tumor growth, but also considering 
the improvement of IR as a potential target for cancer therapy.

In addition, under the state of IR, there is a decrease in 
insulin‑like growth factor (IGF) binding protein produc‑
tion, leading to an increase in circulating IGF‑1, which is 
another mechanism through which IR promotes tumor onset 
and development (36). On the one hand, IGF‑1 binds to the 
IGF‑1 receptor (IGF‑1R) and exerts its effects on promoting 
cell proliferation and inhibiting apoptosis through the 
PI3K/Akt/mTOR pathway (37). Use of a hybrid mouse model 
in the study by Wang et al (38) suggested that elevated IGF‑1 
levels led to increased incidence and invasiveness of prostate 
cancer. Additionally, Yakar et al (39) observed that implanta‑
tion of colon cancer tissue into IGF‑1 gene‑deleted (LID) mice 
and normal mice showed significantly higher tumor incidence 
in the control mice compared with that in the LID mice, with 
lower circulating IGF‑1 levels in the LID mice. However, after 

Table V. Univariate and multivariate analysis of risk factors for melanoma in female patients.

 Univariate analysis Multivariate analysis
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics OR 95% CI P‑value OR 95% CI P‑value

Age (>65/<65 years) 0.82 0.39‑1.71 0.593   
BMI (18.5‑23.9/>24 kg/m2) 1.01 0.88‑1.16 0.936   
Smoking status (yes/no) 1.78 0.59‑5.31 0.303   
Drinking status (yes/no)a / / / / / /
Hypertension (yes/no) 2.08 0.98‑4.42 0.058 2.53 1.10‑5.83 0.029
Hyperlipemia (yes/no) 1.54 0.74‑3.22 0.247   
TyG index (>8.87/<8.87) 9.09 3.44‑24.06 <0.001 10.04 3.71‑27.17 <0.001

aThere were no female drinkers. BMI, body mass index; TyG, triglyceride‑glucose; OR, odds ratio; CI, confidence interval.
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administration of IGF‑1 to the LID mice, there was no differ‑
ence in tumor growth between the two groups (39). IGF‑1 can 
also bind to INSR‑1 and, through the aforementioned mecha‑
nism, promote tumor onset (40).

IR can also inhibit PTEN function. As a negative regulator 
of the PI3K/Akt signaling pathway, PTEN plays a critical 
role in tumor suppression. PTEN induces oxidative phos‑
phorylation and reduces glycolysis, thereby decreasing energy 
metabolism in cancer cells, which may be a key mechanism 
underlying its tumor‑suppressive effects (41). Inactivation 
of PTEN leads to increased PIP3 recruitment and exces‑
sive activation of Akt and downstream signaling cascades, 
promoting cell survival and tumorigenesis (42). Enhanced Akt 
activity may increase immune evasion by downregulating the 
expression of programmed death ligand 1 on the tumor cell 
surface, thereby promoting cancer development and progres‑
sion (43). Additionally, excessive activation of the PI3K/Akt 
pathway can further impair insulin sensitivity and contribute 
to the development of IR, establishing a vicious cycle of IR 
and PTEN inactivation that ultimately leads to tumorigen‑
esis (44). In hepatic malignancies, IR and hyperinsulinemia 
lead to upregulation of the IGF axis (including IGF‑1, IGF‑2, 
IGF‑1R, IGF‑2R, and IGF binding proteins IGFBP1‑6 and 
INRS‑1), subsequently promoting activation and phosphoryla‑
tion of the PI3K/PTEN/Akt signaling pathway, inducing cell 
proliferation and inhibiting apoptosis, which together drive 
tumorigenesis (45). Given that PTEN mutations are a signifi‑
cant susceptibility factor for malignant melanoma, greater 
attention should be paid to the risks associated with IR (46).

The tumor‑promoting effects of IR are also related to 
inflammation. IR causes adipocyte dysfunction, increasing 
the infiltration of M1‑type pro‑inflammatory macrophages in 
adipose tissue, thereby enhancing the secretion of pro‑inflam‑
matory cytokines from adipocytes, including tumor necrosis 
factor‑α (TNF‑α), interleukin‑6 (IL‑6) and IL‑1β (47‑49). 
These cytokines further inhibit insulin signaling, exacerbating 
IR. IL‑6, as an inflammatory cytokine, can induce cancer cell 
proliferation through STAT signaling and simultaneously 
block host antitumor immune responses (50). Elevated levels 
of IL‑6 have been observed in overweight and obese women 
with IR and early stage breast cancer (51). Additionally, 
circulating IL‑6 levels are higher in men with prostate cancer 
compared with those in men with benign conditions (52). 
TNF‑α, a key pro‑inflammatory factor, is involved in main‑
taining immune system homeostasis, inflammation and host 
defense. TNF‑α promotes and amplifies IR by inhibiting 
INSR signaling, and plays a crucial role in the formation 
and progression of various tumors (53). For instance, serum 
TNF‑α levels are significantly associated with tumor stage in 
patients with prostate cancer (54). TNF‑α also promotes tumor 
progression and metastasis in breast cancer by facilitating 
epithelial‑mesenchymal transition (55). Furthermore, elevated 
circulating TNF‑α levels can activate the NF‑κB pathway, 
exerting anti‑apoptotic effects that promote tumorigenesis in 
overweight patients with IR (56). As melanoma is an immu‑
nogenic tumor, it is not unexpected that this phenomenon 
is also observed in malignant melanoma (57). A study by 
Molinelli et al (58) indicated that TNF‑α expression was 
significantly elevated in the peritumoral tissue of melanoma 
samples compared with that in controls, suggesting that the 

upregulation of TNF‑α may contribute to the growth and local 
invasiveness of cutaneous melanoma. Therefore, the interac‑
tion between IR and inflammation should be evaluated as a 
risk factor in tumor diagnostics.

The present study also had several limitations: Firstly, it 
was a retrospective study with a limited number of partici‑
pants, and due to excessive missing data and as it was not a 
primary focus of this study, high‑density lipoprotein (HDL) 
was removed. Secondly, an association was not found between 
the TyG index and BMI, which may be due to the limited 
sample size. Thirdly, there was no direct evidence of IR or 
hyperinsulinemia due to the limitations of a retrospective 
study. Finally, the dynamic changes in the TyG index were 
not observed. Furthermore, we also acknowledge the potential 
influence of insulin deficiency on the TyG index (15). However, 
the present study was retrospective, and diabetic patients were 
excluded to minimize the confounding effect. Fasting insulin 
is not routinely measured due to its limited clinical applica‑
bility and cost in patients without specific diseases (59), so we 
did not have access to fasting insulin data in the analysis. In 
future prospective studies, greater emphasis will be placed 
on assessing fasting insulin levels to better elucidate the 
underlying mechanisms of TyG index variations. Therefore, 
further basic research and large‑scale observational studies 
are needed to further substantiate the association between IR 
and the incidence of malignant melanoma.

In conclusion, the present study provides the first evidence 
that the TyG index, representing IR, is a significant risk factor 
for the incidence of malignant melanoma. This finding has 
significant clinical implications, including the following: 
i) Early risk assessment: The TyG index can help identify 
individuals at higher risk for melanoma, enabling early detec‑
tion and more frequent skin monitoring. ii) Comprehensive 
risk evaluation: The TyG index provides a tool for assessing 
the risk of melanoma. iii) Guiding interventions: High TyG 
index can prompt lifestyle and therapeutic interventions to 
improve insulin sensitivity, potentially reducing melanoma 
risk. iv) Prognostic value: The index may serve as a marker 
for monitoring metabolic health and treatment outcomes 
in patients with melanoma. Overall, the TyG index offers a 
simple, cost‑effective approach to melanoma risk assessment 
and metabolic health management.
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