[image: Frontiers Logo]The association between diabetes and head and neck squamous cell carcinoma: evidence from clinical cohort and bioinformatics analyses

ORIGINAL RESEARCH
published: 13 August 2025
doi: 10.3389/fgene.2025.1660012
[image: image2]
The association between diabetes and head and neck squamous cell carcinoma: evidence from clinical cohort and bioinformatics analyses
Yurong He1,2†, Jiaming Chen3†, Boxuan Han1,2, Yanming Zhao1,2, Lizhen Hou1,2, Jugao Fang1,2* and Meng Lian1,2*
1Department of Otorhinolaryngology Head and Neck Surgery, Beijing Tongren Hospital, Capital Medical University, Beijing, China, 2Key Laboratory of Otorhinolaryngology Head and Neck Surgery (Capital Medical University), Ministry of Education, Beijing, China, 3The 2nd Department of Head and Neck Surgery, Department of Oncoplastic Surgery, Hunan Cancer Hospital and the Affiliated Cancer Hospital of Xiangya School of Medicine, Central South University, Changsha, China
Edited by:
Domenico Mallardo, G. Pascale National Cancer Institute Foundation (IRCCS), Italy
Reviewed by:
Maria Grazia Vitale, G. Pascale National Cancer Institute Foundation (IRCCS), Italy
Abdullah Al Marzan, Dhaka Medical College and Hospital, Bangladesh
*Correspondence:
 Jugao Fang, fangjugao2@ccmu.edu.cn; Meng Lian, lianmeng19861222@163.com
†These authors have contributed equally to this work
Received: 05 July 2025
Accepted: 01 August 2025
Published: 13 August 2025
Citation:
He Y, Chen J, Han B, Zhao Y, Hou L, Fang J and Lian M (2025) The association between diabetes and head and neck squamous cell carcinoma: evidence from clinical cohort and bioinformatics analyses. Front. Genet. 16:1660012. doi: 10.3389/fgene.2025.1660012
Introduction
Diabetes mellitus (DM) is a known risk factor for various cancers, but its relationship with head and neck squamous cell carcinoma (HNSCC) remains unclear. This study explores clinical and molecular links between DM and HNSCC through integrative analyses of patient data and bioinformatics.
Methods
A retrospective cohort of 728 HNSCC patients was analyzed to assess sex-specific co-occurrence with DM. A simulation-based epidemiological model quantified associations based on observed clinical data and population incidence rates. Literature-based data mining was used to extract gene–disease associations for DM and HNSCC, followed by functional enrichment, pathway and network analyses of overlapping genes.
Results
The simulation revealed a significant association between DM and HNSCC, stronger in males (Odds Ratio [OR] = 3.03, p = 6.28 × 10−50) than in females (OR = 2.18, p = 8.7 × 10−12). Data mining uncovered 3,489 overlapping genes (OR = 6.73, p < 4.95 × 10−319), including nine key genes (GPX4, NLRP3, CASP3, HOTAIR, SRC, IGF2BP2, APP, CYP2C19, and PVT1) tightly interconnected and functionally enriched in inflammation, metabolism, and neurological signaling pathways. Four genes—CYP2C19, NLRP3, PVT1, and APP—appear central to DM’s influence on HNSCC via the protein–protein interaction (PPI) network.
Conclusion
These findings reveal a significant clinical and molecular connection between DM and HNSCC, especially in males, and highlight potential targets for future prevention and treatment strategies.
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1 INTRODUCTION
Diabetes mellitus (DM) is a chronic metabolic disorder characterized by elevated blood glucose levels due to insufficient insulin production or ineffective insulin utilization. Globally, approximately 537 million adults were living with DM in 2021—representing an overall population prevalence of approximately 0.069 (or 6.9%)—and this number is projected to rise to 643 million by 2030 (Hossain, et al., 2024). Consider the overall Type 2 DM—the predominant form—is strongly linked to recognized risk factors, including obesity, sedentary behavior, unhealthy dietary habits, and genetic predisposition (Hossain, et al., 2024; Ismail, et al., 2021). These contributors fuel a growing global health burden and underscore the importance of effective management and prevention strategies.
Head and neck squamous cell carcinoma (HNSCC) refers to malignant tumors originating from the mucosal linings of the oral cavity, pharynx, and larynx. In the United States, HNSCC accounts for approximately 3% of all cancers, corresponding to an estimated 54,540 new cases and 11,580 deaths in 2023 (Barsouk, et al., 2023). The incidence is significantly higher in males than females, with a ratio of about 2:1 (incidence rates: 0.0152% in males versus 0.00761% in females), and is strongly linked to modifiable risk factors such as tobacco use and heavy alcohol consumption (Barsouk, et al., 2023). Furthermore, chronic infection with high-risk human papillomavirus (HPV-16) is a critical etiologic factor in the rising incidence of oropharyngeal carcinoma (Galati, et al., 2022).
Existing research indicates that DM may influence cancer risk through mechanisms such as insulin resistance and chronic inflammation, which could potentially affect the development of various malignancies. Obesity, a major risk factor for type 2 DM, is also independently associated with increased cancer risk, highlighting a complex interplay among chronic conditions (Christensen and Nelson, 2025). While DM is a recognized risk factor for several cancers—including liver and pancreatic malignancies—its direct association with HNSCC remains less clearly defined (Chen, et al., 2025a; Moreland, et al., 2025). Recent studies in malignancies treated with immunotherapy, such as metastatic melanoma, suggest that DM may influence tumor biology, biomarker expression, and therapeutic response through immune checkpoint modulation (Cortellini, et al., 2023; Mallardo, et al., 2022; Mallardo, et al., 2023). These findings are particularly relevant given the expanding use of immunotherapy in HNSCC and underscore the need to explore DM’s role in tumor microenvironment and treatment outcomes.
Recent clinical and meta-analytic evidence has further supported the association between DM and HNSCC. Mirestean et al. (2023) analyzed real-world data and observed that diabetes may influence the clinical profile of patients with head and neck cancer, reinforcing the clinical significance of this comorbidity (Mirestean, et al., 2023). In a comprehensive meta-analysis, Yan et al. (2021) reported that type 2 diabetes mellitus is associated with an increased risk across several HNSCC subtypes, emphasizing the need for mechanistic investigations into this relationship (Yan, et al., 2021).
Emerging evidence suggests that DM may exacerbate clinical complications in patients with HNSCC. For example, individuals with both conditions have shown an increased risk of wound debridement and thyroid dysfunction during radiotherapy (Fiore, et al., 2025; Zhang at al., 2025a). Moreover, DM may influence pain thresholds in cancer patients and alter therapeutic responses, potentially impacting overall cancer outcomes (Zhu, et al., 2025). Interestingly, some studies have proposed a potential protective effect of certain DM treatments against cancer development, underscoring the complexity of DM–cancer comorbidity (Yen, et al., 2025).
Despite these findings, no direct causal link between DM and increased incidence of HNSCC has been established. This lack of definitive evidence highlights the urgent need for more rigorous research to understand whether, and how, DM may contribute to the pathogenesis or progression of HNSCC.
This study aims to elucidate the relationship between DM and HNSCC by integrating clinical cohort analysis with bioinformatics approaches. By identifying potential biological mechanisms and shared risk factors, the study seeks to fill critical knowledge gaps regarding the comorbidity of these two diseases. We hypothesize that DM may influence the development or progression of HNSCC through overlapping molecular pathways or systemic risk factors. The insights gained from this research may contribute to improved prevention strategies, therapeutic interventions, and overall patient management.
2 METHODS
2.1 Study workflow
This study employed an integrative workflow combining clinical data analysis, simulation-based epidemiological modeling, and bioinformatics approaches to explore the association and potential molecular links between DM and HNSCC. First, a retrospective clinical cohort of 728 HNSCC patients was analyzed to assess the sex-specific co-occurrence of DM and HNSCC. A simulation-based framework was then applied to quantify the sex-stratified association between the two diseases using population incidence rates and observed clinical data. To identify shared molecular mechanisms, large-scale literature data mining was conducted to extract gene–disease associations for both DM and HNSCC across 19,924 human genes. Overlapping genes were identified and subjected to functional enrichment analysis and protein–protein interaction (PPI) network construction. Finally, a directed gene network was built to map potential biological pathways linking DM and HNSCC, highlighting candidate mediators of cross-disease effects.
2.2 Patient selection and clinical data
A total of 728 patients diagnosed with HNSCC who received treatment at the Department of Head and Neck Surgery, Beijing Tongren Hospital, between January 2023 and August 2024 were retrospectively enrolled in this study. The cohort exhibited a male predominance (692 males vs. 36 females), with a median age of 61 years (range: 14–91 years). Clinical parameters, including age, sex, TNM stage, and DM history, were obtained from medical records. The study was approved by the Ethics Committee of Beijing Tongren Hospital (approval number: TREC2024-KYS291) and conducted in accordance with relevant ethical guidelines. Informed consent was waived due to the retrospective study design. Table 1 present the baseline characteristics of patients.
TABLE 1 | Baseline characteristics of patients with head and neck squamous cell carcinoma (HNSCC).	Variable	Statistic/Count	Variable	Statistic/Count
	Sex	Male: 858, Female: 36	T_stage	1: 191, 2: 194, 3: 239, 4: 270
	Age (years)	Mean: 61.1, Std Dev: 10.4	N_stage	0: 449, 1: 212, 2: 152, 3: 46, 4: 35
	DM	No: 805, Yes: 89	M_stage	M0 (0): 893, M1 (1): 1


A detailed list of clinical data is provided in Supplementary Table S1, which also includes the HNSCC subtypes (column: “Cancer Subtypes”). However, due to limited sample sizes within certain subgroups, subgroup analyses by tumor subtype were not performed.
2.3 Co-occurrence modeling of DM and HNSCC by sex
We performed co-occurrence modeling to quantify the association between DM and head and neck squamous cell carcinoma (HNSCC), stratified by sex. A simulation-based framework was used to integrate observed co-occurrence data with sex-specific population incidence rates. This modeling approach served to standardize and scale the observed clinical co-occurrence rates to a representative population level, allowing for sex-specific quantification of risk (e.g., odds ratios and relative risks) under epidemiologically realistic assumptions. It enhances interpretability, generalizability, and reproducibility by bridging real-world clinical observations with broader population data.
2.3.1 Estimation of sex-stratified contingency tables
Separate simulations were conducted for male and female populations, each consisting of 10,000 individuals. The prevalence of DM was assumed to be equal across sexes, while HNSCC incidence rates were modeled using sex-specific estimates from population data. Observed co-occurrence rates from our study cohort were used to inform the conditional probability of HNSCC given DM for each sex.
The inputs for the simulation model were empirically derived. The sex-specific conditional probabilities of HNSCC among diabetic patients were calculated based on our observed clinical cohort, comprising 728 patients. For males, this probability was calculated from 127 HNSCC cases among 692 diabetic males, yielding P(HNSCC | DM) = 0.1835. For females, it was calculated from 5 HNSCC cases among 36 diabetic females, yielding P(HNSCC | DM) = 0.1389. These empirically derived probabilities were integrated with nationally reported disease prevalence/incidence rates (Barsouk, et al., 2023; Hossain, et al., 2024) to simulate a representative population of 10 million individuals per sex, generating contingency tables for co-occurrence analysis. This ensured that the simulation was rooted in both real-world data and population-level statistics.
2.3.2 The modeling process comprised the following steps
	1) The conditional probability of HNSCC given DM, PHNSCC∣DM, was estimated from the observed data for each sex.
	2) The joint probability of co-occurrence, PHNSCC∩DM, was computed using Bayes’ theorem:

PHNSCC∩DM=PDM×PHNSCC|DM
	3) Based on this joint probability and population incidence rates, we estimated the expected number of individuals in each cell of a 2 × 2 contingency table for a simulated population of 10,000 individuals:

	Fisher-exact test	HNSCC	No HNSCC
	DM	a (DM and HNSCC)	b (DM and No HNSCC)
	No DM	c (No DM and HNSCC)	d (No DM and No HNSCC)


Where: a = number of individuals with both DM and HNSCC; b = number of individuals with DM but without HNSCC; c = number of individuals without DM but with HNSCC; d = number of individuals without either condition.
This simulation process was applied separately to male and female populations to generate sex-stratified contingency tables.
2.3.3 Statistical analysis of Co-occurrence
For each sex-specific contingency table, we calculated standard measures of association to quantify the relationship between DM and HNSCC.
	• Odds Ratio (OR):

OR=a/bc/d=adbc
Representing the odds of HNSCC among individuals with DM relative to those without.
	• Relative Risk (RR):

RR=a/a+bc/c+d
Representing the probability (risk) of HNSCC in individuals with DM compared to those without.
	• Fisher’s Exact Test:

Fisher’s Exact Test was performed on each sex-specific contingency table to evaluate whether the observed co-occurrence of DM and HNSCC differed significantly from what would be expected under the null hypothesis of independence.
This modeling framework enabled a transparent and reproducible quantification of the sex-specific association between DM and HNSCC in the simulated populations.
2.4 Literature data mining for gene–disease associations
To identify genes potentially associated with DM and head and neck squamous cell carcinoma (HNSCC), we performed large-scale literature data mining covering 19,924 human genes. Two primary tools were used for literature retrieval: the Entrez API (https://www.ncbi.nlm.nih.gov/Entrez/), which provides automated access to biomedical literature in PubMed, and the AIC Bioinformatics Toolbox (ABT; https://www.gousinfo.com/en/userguide.html), an AI-powered platform that extracts gene–disease relationships from both a proprietary literature database (ABD) and public sources such as PubMed.
For each gene, retrieved information—including article titles, publication dates, PubMed IDs (PMIDs), Digital Object Identifiers (DOIs), and abstracts—was compiled into a structured Excel file for downstream analysis. The combined use of these tools enabled large-scale, efficient extraction of relevant literature, supporting the identification of candidate genes based on published evidence.
An Adjusted Binomial Method (ABM) (Lian, et al., 2025) was employed to assess the reliability of each gene–disease association identified through literature data mining (LDM). To control for multiple comparisons, we applied a False Discovery Rate (FDR) correction, retaining only associations with an FDR-adjusted p-value ≤0.01. This filtering ensured that subsequent analyses focused on statistically significant and biologically plausible gene–disease relationships (Lian, et al., 2025).
The statistical significance of gene–disease associations was computed using the following formula:
p−value=PX≥np=binom.sfnp−1,N, p0
where binom.sf is the survival function of the binomial distribution, n_p is the observed number of positive polarity findings, N is the total number of polarity-adjusted observations, and p0 is the expected null proportion under random association.
2.5 Cross-disease gene overlap analysis
To identify potential shared molecular mechanisms between DM and HNSCC, we compared gene lists to evaluate the statistical significance of the observed overlap. The intersection was visualized using a Venn diagram. Comparisons were conducted using both the complete set of disease-associated genes and a subset of significant genes, with subsequent functional and network analyses focused primarily on this prioritized gene set.associated with each disease to identify both unique and overlapping genes. Fisher’s exact test was applied.
2.6 Functional analysis of overlapping genes
To better understand the shared biological basis of DM and HNSCC, we performed functional annotation and protein–protein interaction (PPI) network analysis on the overlapping genes.
For functional annotation, we used the DAVID database (https://david.ncifcrf.gov) to identify enriched biological processes, cellular components, molecular functions (GO terms: GOTERM_BP_DIRECT, GOTERM_CC_DIRECT, and GOTERM_MF_DIRECT), and known pathways (BBID, BIOCARTA, and KEGG_PATHWAY). This analysis provided insights into the biological roles and pathways associated with the overlapping genes.
For PPI network analysis, we constructed a network using experimentally validated and literature-supported interactions. The network structure was evaluated using key topological measures, including network density, average path length, clustering coefficient, diameter, and centrality metrics. Genes that ranked highly across centrality measures were designated as hub genes, which may play important roles in the shared pathophysiology of DM and HNSCC. Functional enrichment analysis of hub genes was also performed.
2.7 Construction of directed pathways connecting DM and HNSCC
To explore potential biological pathways linking DM and HNSCC, we constructed a directed gene network based on overlapping genes with statistically significant associations to both diseases.
Known or inferred gene–gene interactions were integrated to form directional paths (e.g., DM → Gene A → HNSCC), representing possible biological routes through which one disease may influence the other. This network highlights candidate causal pathways and hub genes that may mediate cross-disease effects, providing a foundation for future mechanistic studies.
3 RESULTS
3.1 Co-occurrence modeling of diabetes and HNSCC by sex
We conducted sex-stratified co-occurrence modeling of Diabetes and Head and Neck Squamous Cell Carcinoma (HNSCC) using a simulation-based approach with a hypothetical population of 10,000,000 individuals for each sex. The prevalence of Diabetes was set at 6.9% for both sexes, based on epidemiological estimates. The incidence of HNSCC was modeled using sex-specific values: 0.000152 for males and 0.0000761 for females.
In our observed cohort, the conditional probability of HNSCC given Diabetes was estimated as P(HNSCC∣Diabetes) = 0.1835 for males (127 cases of HNSCC among 692 diabetic males) and P(HNSCC∣Diabetes) = 0.1389 for females (5 cases among 36 diabetic females). Using these values and the population-based disease rates, we simulated contingency tables for each sex.
For males, the co-occurrence modeling estimated 279 individuals with both Diabetes and HNSCC, 689,721 with Diabetes only, 1,241 with HNSCC only, and 9,308,759 with neither condition. For females, the simulation estimated 106 individuals with both conditions, 689,894 with Diabetes only, 655 with HNSCC only, and 9,309,345 with neither.
Statistical analysis of these contingency tables showed a stronger association between Diabetes and HNSCC in males. Among males, the Odds Ratio (OR) and Relative Risk (RR) were both estimated at 3.03, with a highly significant Fisher’s Exact Test p-value of 6.28 × 10−50. Among females, both OR and RR were estimated at 2.18, with a p-value of 8.7 × 10−12. The details can be found in Table 2.
TABLE 2 | Co-occurrence modeling results for diabetes and HNSCC, stratified by sex.	Sex	Diabetes and HNSCC (a)	Diabetes only (b)	HNSCC only (c)	Neither (d)	Odds ratio (OR)	Relative risk (RR)	p-value
	Male	279	689,721	1,241	9,308,759	3.03	3.03	6.28 × 10−50
	Female	106	689,894	655	9,309,345	2.18	2.18	8.7 × 10−12


Note: a–d represent estimated counts in the simulated population. OR, odds ratio; RR, Relative Risk. Simulations were based on observed conditional probabilities and sex-specific population incidence rates of diabetes and HNSCC.
These findings indicate a statistically significant positive association between Diabetes and HNSCC in both sexes, with the magnitude of association notably stronger in males.
3.2 Disease-gene identification and comparison results
Out of a total of 19,924 genes analyzed, the AI-driven literature mining identified 7,403 genes linked to Diabetes mellitus, supported by 25,277 references, and 4,954 genes linked to Head and Neck Squamous Cell Carcinoma (HNSCC), supported by 14,331 references. A total of 3,489 genes were found to be common to both conditions. This overlap is highly significant, with a Fisher’s exact test showing an odds ratio (OR) of 6.73 and a p-value below 4.95 × 10−319, as presented in Table 3 and Figure 1, indicating a strong enrichment of shared genes between Diabetes and HNSCC. When a more rigorous criterion was applied, limiting associations to those with an FDR-adjusted q-value of 0.01 or less, 195 Diabetes-associated genes and 124 HNSCC-associated genes met this threshold, among which 9 genes overlapped significantly (OR = 8.25, p-value = 3.69 × 10−6). These findings provide further evidence for a meaningful genetic connection between Diabetes and HNSCC (Table 3; Figure 1).
TABLE 3 | Overlapping genes between diabetes mellitus (DM) and HNSCC from literature-based gene association analysis.	Gene
Category	Source
Disease	Target disease	#Genes source	#Genes target	Overlap	Odds ratio	p-value
	All genes	DM	HNSCC	7403	4954	3489	6.73	<4.95E-319
	Significant Genes (p-value ≤0.01)	DM	HNSCC	195	124	9	8.25	3.69E-06


Note: Gene categories include all literature-identified genes and a subset meeting the significance threshold (FDR-adjusted p-value ≤0.01). Overlap significance was calculated using Fisher’s exact test.
[image: Bar chart titled "Functional Annotation: FAResults overlapping genes" displays gene functions with their associated significance levels measured by -log10(PValue). The functions include learning or memory, serotonergic synapse, and others. The learning or memory category shows the highest significance.]FIGURE 1 | Venn diagrams illustrating the overlap between genes associated with Diabetes and Head and Neck Squamous Cell Carcinoma (HNSCC).The 9 significant overlapping genes identified for further analysis are: GPX4, NLRP3, CASP3, HOTAIR, SRC, IGF2BP2, APP, CYP2C19, and PVT1, as detailed in the subsequent sections.
3.3 PPI analysis
The PPI network constructed from 9 genes consisted of 29 edges, revealing a moderately dense and cohesive structure (Figure 2A). The network density was 0.40, with an average path length of 2.0 and a high clustering coefficient of 0.82, indicating substantial interconnectivity within a single connected component. The network diameter was 2, reflecting a compact topology among the nodes.
[image: Diagram A shows a network with nodes labeled IGF2BP2, HOTAIR, PVT1, CYP2C19, SRC, APP, CASP3, GPX4, and NLRP3 connected by colored lines. Diagram B illustrates pathways linking "Diabetes mellitus" to "Head and Neck Squamous Cell Carcinoma" via NLRP3, PVT1, APP, and CYP2C19 with arrows indicating interactions.]FIGURE 2 | PPI network and functional pathway constructed using overlapping genes between diabetes mellitus and HNSCC. (A) PPI network comprising 9 genes. (B) Pathway illustrating connections between diabetes mellitus and HNSCC. Green edges represent positive associations; red edges indicate negative associations.Centrality metrics identified key hub genes with important roles in the network. CASP3 exhibited the highest in-degree centrality (0.88), marking it as a major interaction target, followed by GPX4 and NLRP3 (both 0.75). Out-degree centrality was highest for PVT1 (0.62), with APP, SRC, CYP2C19, HOTAIR, and IGF2BP2 all showing moderate regulatory influence (0.5). Betweenness centrality highlighted GPX4 and SRC (0.20) alongside APP (0.19) as potential mediators of network signaling. Eigenvector centrality further underscored CASP3, SRC, NLRP3, and GPX4 (≥0.36) as influential nodes connected to other highly connected genes.
Together, these results suggest CASP3, GPX4, APP, and SRC as core hub genes, likely forming the functional core of this network module. Further functional and pathway enrichment analyses of these genes are discussed below.
3.4 Directed pathway connecting diabetes mellitus and HNSCC
Functional pathway analysis revealed a bidirectional regulatory relationship between Diabetes mellitus and Head and Neck Squamous Cell Carcinoma (HNSCC) mediated through a shared set of functionally relevant genes (Figure 2B). Diabetes positively regulates APP (4 references; q = 0.00015), NLRP3 (19 references; q = 0.00168), and PVT1 (4 references; q = 0.00755), while negatively regulating CYP2C19 (14 references; q = 0.00372), suggesting its influence on pathways related to inflammation, immune response, and metabolism.
These genes are also significantly altered in HNSCC. APP (4 references; q = 0.00832), NLRP3 (5 references; q = 0.00229), and PVT1 (8 references; q = 0.00229) are positively regulated in HNSCC, whereas CYP2C19 is negatively regulated (4 references; q = 0.00832). This pattern indicates that both Diabetes and HNSCC impact a common gene network involved in tumor microenvironment remodeling, inflammation, and metabolic dysregulation.
The consistent directionality and statistical significance observed in the regulation of APP, NLRP3, PVT1, and CYP2C19 suggest the possibility of a Diabetes → gene → HNSCC pathway, in which diabetes-related gene alterations may contribute to HNSCC pathogenesis. These findings highlight potential shared molecular mechanisms linking the two diseases. However, this model should be considered hypothesis-generating and does not constitute definitive evidence of causality.
3.5 Functional annotation analysis results
To explore the biological functions of the 9 overlapping genes between diabetes mellitus and HNSCC, we performed functional enrichment analysis (as described in the Methods). This analysis identified nine significantly enriched pathways or functional categories (Figure 3), primarily related to neurological processes, immune response, metabolic regulation, and atherosclerosis-related pathways.
[image: Venn diagram illustrating overlaps between Diabetes_q_0.01, Diabetes_All, HNSCC_All, and HNSCC_q_0.01, with numerical values and percentages shown in each section. Largest overlaps: Diabetes_All (3851, 43.4%) and its exclusive intersection with Diabetes_q_0.01 (3257, 36.7%).]FIGURE 3 | Functional enrichment analysis for overlapping genes associated with both Diabetes and Head and Neck Squamous Cell Carcinoma (HNSCC).Significant terms included “learning or memory” (GO:0007611, p = 1.73E-04), “Serotonergic synapse” (KEGG hsa04726, p = 0.00175), “neurotrophin TRK receptor signaling pathway” (GO:0048011, p = 0.00461), “Pathogenic Escherichia coli infection” (KEGG hsa05130, p = 0.00537), “enzyme binding” (GO:0019899, p = 0.00539), “lipid and atherosclerosis” (KEGG hsa05417, p = 0.00606), “insulin receptor binding” (GO:0005158, p = 0.00715), “positive regulation of glycolytic process” (GO:0045821, p = 0.00737), and “ephrin receptor binding” (GO:0046875, p = 0.00900).
Notably, several genes—such as APP, SRC, and CASP3—participated in multiple enriched terms, underscoring their potential roles in the shared pathogenic mechanisms linking diabetes mellitus and HNSCC, particularly through modulation of neurological signaling, immune pathways, and metabolic homeostasis.
4 DISCUSSION
This study explored the clinical and molecular associations between diabetes mellitus (DM) and head and neck squamous cell carcinoma (HNSCC) through sex-stratified co-occurrence modeling, literature-based gene overlap analysis, and pathway/network analyses. The findings suggest that DM and HNSCC share significant clinical and molecular connections, with potential implications for disease monitoring and therapeutic strategies.
4.1 Sex-stratified Co-occurrence of diabetes and HNSCC
A significant positive association between DM and HNSCC was observed in both sexes, with a notably stronger correlation in males (OR = 3.03; RR = 3.03; p = 6.28 × 10−50) than in females (OR = 2.18; RR = 2.18; p = 8.7 × 10−12).This aligns with previous findings identifying DM as a prevalent comorbidity in laryngeal cancer patients (Repassy, et al., 2025) and a risk factor for thyroid dysfunction among HNSCC patients (Fiore, et al., 2025). Although some prior studies reported no sex differences in the co-occurrence of these diseases, our findings underscore the importance of sex-specific factors, potentially influenced by genetics, hormones, and lifestyle. The use of simulation-based modeling adds robustness to these results and emphasizes the need for tailored clinical surveillance, especially in diabetic males.
4.2 Shared genetic basis between diabetes and HNSCC
Gene overlap analysis revealed a significant enrichment of genes implicated in both DM and HNSCC (OR = 6.73 for all genes; OR = 8.25 for significant genes; both p < 10−6), suggesting a shared genetic and molecular foundation. While earlier studies noted metabolic dysfunction in cancer progression, they often lacked the scale and statistical rigor of our approach, which combined AI-assisted literature mining with Fisher’s exact test. This methodology enabled a comprehensive and validated identification of shared genetic markers, expanding on previous research (Repassy, et al., 2025).
However, discrepancies with other studies—such as those reporting inverse relationships between DM and cardiovascular disease (Banerjee, et al., 2025)—highlight the complexity and disease-specific nature of gene-disease interactions. The current findings support the need for further mechanistic studies to clarify how shared genes contribute to comorbidity risk across different diseases.
4.3 Molecular mechanisms linking diabetes and HNSCC
Functional pathway and network analyses highlight a directed regulatory relationship between DM and HNSCC, mediated by several key genes: CYP2C19, NLRP3, PVT1, and APP.
CYP2C19 is a key enzyme in the cytochrome P450 family responsible for the metabolism of numerous endogenous substances and drugs. In diabetes, hyperglycemia and chronic inflammation contribute to significantly reduced CYP2C19 enzymatic activity and protein expression (Kvitne, et al., 2024; Li et al., 2024a). This downregulation impairs hepatic detoxification processes, alters pharmacokinetics, and exacerbates oxidative stress (Chen, et al., 2024; Tian, et al., 2025). In HNSCC, genetic polymorphisms in CYP2C19 (e.g., CYP2C192) have been associated with a markedly increased risk of cancer development (OR = 3.36) and reduced therapeutic efficacy of chemotherapeutic agents like cisplatin and 5-fluorouracil, due to altered drug metabolism (Rawal, et al., 2015; Yadav, et al., 2008). These findings suggest that diabetes-induced CYP2C19 suppression may potentiate carcinogenic processes in HNSCC through impaired xenobiotic clearance and disrupted metabolic regulation.
The NLRP3 inflammasome plays a central role in the innate immune response by sensing cellular stress signals and triggering the release of pro-inflammatory cytokines like IL-1β and IL-18. In diabetes, persistent hyperglycemia and metabolic dysregulation lead to chronic NLRP3 activation in pancreatic β-cells, adipose tissue, and vasculature, thereby fueling systemic inflammation and insulin resistance (Chen S. et al., 2025; Delalat, et al., 2025). In HNSCC, particularly in oral squamous cell carcinoma (OSCC), NLRP3 contributes to cancer cell proliferation, epithelial–mesenchymal transition (EMT), and enhanced metastatic potential by activating the NF-κB and STAT3 signaling pathways (Shi, et al., 2025; Zhao, et al., 2025). This dual pro-inflammatory and pro-tumorigenic role positions NLRP3 as a critical molecular node connecting the chronic inflammatory environment of diabetes with tumorigenesis in HNSCC.
PVT1 is a long non-coding RNA that regulates gene expression through chromatin remodeling, miRNA sponging, and modulation of transcription factors. In diabetes, PVT1 is overexpressed in tissues affected by diabetic nephropathy, retinopathy, and cardiomyopathy, where it promotes fibrosis, oxidative stress, and endothelial dysfunction (Hussein, 2023; Lv, et al., 2024). Mechanistically, it acts through pathways such as TGF-β1/Smad and miR-200 family inhibition. In HNSCC, PVT1 functions as an oncogene by stabilizing MYC, suppressing tumor suppressors (e.g., p21, PTEN), and facilitating cell cycle progression, angiogenesis, and resistance to radiotherapy and chemotherapy (Li et al., 2024b; Zhao, et al., 2024). The overlapping pathogenic roles of PVT1 in tissue remodeling and malignant transformation support its role in a shared DM → PVT1 → HNSCC axis.
APP (Amyloid Precursor Protein) is a transmembrane glycoprotein best known for its role in Alzheimer’s disease, but it also regulates cell growth, survival, and adhesion. In diabetes, APP expression is upregulated in vascular tissues, liver, and kidney under hyperglycemic conditions, contributing to cellular stress, mitochondrial dysfunction, and β-cell apoptosis (Lai, et al., 2025; Zhang at al., 2025b). This may reflect a maladaptive response to metabolic overload. In HNSCC, APP has emerged as a prognostic biomarker, where its overexpression correlates with poor overall survival, increased proliferation, and invasion through the PI3K/AKT and Notch signaling pathways (Galvao, et al., 2023; Wang, et al., 2024). While a direct causal link between diabetes-induced APP dysregulation and HNSCC remains to be elucidated, the convergence of metabolic and oncogenic functions suggests a plausible mechanistic bridge.
It is important to note that while the directional relationships we proposed (e.g., DM → gene → HNSCC) are biologically plausible and supported by literature-based associations, they remain hypothesis-generating and do not establish causality. Longitudinal studies and functional validation are needed to confirm the regulatory roles of these genes in mediating cross-disease effects.
4.4 Converging biological and lifestyle factors in the DM–HNSCC axis
Protein-protein interaction (PPI) network analysis further revealed interconnected pathways involving inflammation, immune response, and metabolism—mechanisms common to both diseases. For instance, insulin resistance and chronic inflammation, hallmarks of DM, also contribute to HNSCC pathogenesis. Additionally, lifestyle risk factors such as smoking and alcohol consumption—common in HNSCC—can exacerbate DM by promoting oxidative stress and systemic inflammation (You, et al., 2025). Obesity, another frequent comorbidity in DM, has also been associated with worse outcomes in HNSCC (Knoedler, et al., 2025).
The functional annotation analysis of the nine overlapping genes revealed significant enrichment in pathways spanning neurological processes, immune regulation, metabolic control, and cardiovascular-related mechanisms, suggesting shared systemic dysregulation in both diabetes and HNSCC. For example, enrichment in “learning or memory” and the “neurotrophin TRK receptor signaling pathway” implicates neurotrophic support and neuronal signaling, potentially reflecting diabetic neuropathy and neuroplastic changes also relevant in cancer progression (Jin, et al., 2025). The involvement of “Serotonergic synapse” pathways may further indicate dysregulation in neurotransmitter signaling, which has been increasingly linked to cancer cell growth and metabolism (Abedini, et al., 2025). Terms such as “lipid and atherosclerosis” and “positive regulation of glycolytic process” highlight the metabolic reprogramming common to both diseases, consistent with altered glucose and lipid metabolism in DM and the Warburg effect in HNSCC (Zou, et al., 2025). Notably, “insulin receptor binding” (GO: 0005158) provides a direct mechanistic bridge, supporting the hypothesis that hyperinsulinemia and insulin resistance may contribute to tumorigenesis via PI3K/AKT or MAPK pathways (Caruso, et al., 2025). Moreover, immune-related enrichment such as “Pathogenic E. coli infection” suggests shared inflammatory responses and potential microbiome dysbiosis. The recurrence of genes like APP, SRC, and CASP3 across multiple functional categories underscores their centrality in mediating these overlapping biological processes, positioning them as key candidates in the shared pathophysiology of DM and HNSCC.
4.5 Strengths and limitations
This study integrates clinical modeling with literature-driven bioinformatics, offering a multidimensional view of the DM-HNSCC association. The simulation-based co-occurrence modeling, sex-stratified analysis, and gene-pathway network construction strengthen the reliability and interpretability of findings.
However, several limitations should be acknowledged. First, while our co-occurrence modeling was based on real-world data, it partially relies on simulated population estimates, which may not fully capture real-world complexity. Second, the gene overlap analysis was derived from literature-based data mining and may be subject to publication bias, potentially favoring well-studied genes. Although we applied FDR correction and the Adjusted Binomial Method to improve reliability, bias cannot be entirely ruled out. Third, our functional findings are based on computational inference without direct experimental validation. The proposed pathways should therefore be viewed as hypothesis-generating. Future studies should validate key genes—such as CYP2C19, NLRP3, PVT1, and APP—using transcriptomic or proteomic data and functional assays. Lastly, the strong male predominance in our cohort (692 out of 728 patients) limits the robustness of sex-specific comparisons, especially in females. Further validation in larger, more balanced, and diverse cohorts is needed to confirm and extend these findings.
5 CONCLUSION
This study provides compelling evidence for a significant clinical and molecular association between diabetes mellitus (DM) and head and neck squamous cell carcinoma (HNSCC). Using an integrative approach combining a large retrospective clinical cohort, simulation-based co-occurrence modeling, and bioinformatics analyses, we demonstrated that DM is associated with an elevated risk of HNSCC, particularly among males. At the molecular level, we identified a set of overlapping genes functionally enriched in inflammation, metabolism, and neurological signaling pathways—four of which (CYP2C19, NLRP3, PVT1, and APP) form a core regulatory network potentially mediating the impact of DM on HNSCC development.
These findings support the hypothesis that shared biological mechanisms underlie the comorbidity between DM and HNSCC. The identification of candidate genes and pathways provides a foundation for future experimental validation and the development of predictive biomarkers or therapeutic targets. Ultimately, this research contributes to a deeper understanding of the interplay between metabolic disorders and cancer and underscores the importance of interdisciplinary strategies in managing patients with complex chronic conditions.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.
ETHICS STATEMENT
The studies involving humans were approved by the Ethics Committee of Beijing Tongren Hospital (approval number: TREC2024-KYS291). The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin because the study was retrospective in design.
AUTHOR CONTRIBUTIONS
YH: Writing – original draft, Methodology, Formal Analysis. JC: Formal Analysis, Methodology, Writing – original draft. BH: Writing – original draft, Validation. YZ: Writing – original draft, Data curation. LH: Writing – review and editing, Validation. JF: Writing – review and editing, Conceptualization. ML: Conceptualization, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This work was partially supported by Beijing Natural Science Foundation (No. 7252194), Hunan Provincial Natural Science Foundation (2025JJ60579) and Capital Health Research and Development of Special Fund (2022-1-2051).
CONFLICT OF INTEREST
The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fgene.2025.1660012/full#supplementary-material
REFERENCES
	Abedini, F., Amjadi, O., and Ahangari, G. (2025). Repurposing serotonergic drugs for gastric cancer: induction of apoptosis in vitro. Mol. Biol. Rep. 52 (1), 373. doi:10.1007/s11033-025-10474-7

	Banerjee, A., Majumdar, I., Ganguly, M., Hussain, M. I., and Das, D. (2025). Clinical and angiographic profile of acute coronary syndrome: insights from a tertiary care center in an industrial area. Cureus 17 (5), e83805. doi:10.7759/cureus.83805

	Barsouk, A., Aluru, J. S., Rawla, P., and Saginala, K. (2023). Epidemiology, risk factors, and prevention of head and neck squamous cell carcinoma. Med. Sci. (Basel) 11 (2), 42. doi:10.3390/medsci11020042

	Caruso, A., Accattatis, F. M., Giordano, C., Gelsomino, L., Del Console, P., Fiorita, M. F., et al. (2025). Adipocyte/tumor cell crosstalk via IGF-1/TXNIP axis promotes malignancy and endocrine resistance in breast cancer. Cell. Commun. Signal 23 (1), 262. doi:10.1186/s12964-025-02262-4

	Chen, W., Liu, Y., Deng, X., Li, B., Wang, H., Wei, G., et al. (2024). CYP2C19 loss-of-function is an associated risk factor for premature coronary artery disease: a case-control study. Int. J. Gen. Med. 17, 5049–5058. doi:10.2147/IJGM.S486187

	Chen, H. F., Xie, M., Liu, Y., Shen, X. H., Chang, C. H., and Hsu, W. L. (2025a). Risks of liver cirrhosis, hepatocellular carcinoma, hepatic-related complications, and mortality in patients with type 2 diabetes in Taiwan. World J. Diabetes 16 (5), 104576. doi:10.4239/wjd.v16.i5.104576

	Chen, S., Xie, M., and Liu, Y. (2025b). TLR2 promotes the progression of diabetes mellitus with atherosclerosis via activating NLRP3 inflammasome and MyD88/NF-κB signaling pathway. Sci. Rep. 15 (1), 16348. doi:10.1038/s41598-025-00843-4

	Christensen, S., and Nelson, C. (2025). Chronicity of obesity and the importance of early treatment to reduce cardiometabolic risk and improve body composition. Obes. Pillars 15, 100175. doi:10.1016/j.obpill.2025.100175

	Cortellini, A., D'Alessio, A., Cleary, S., Buti, S., Bersanelli, M., Bordi, P., et al. (2023). Type 2 diabetes mellitus and efficacy outcomes from immune checkpoint blockade in patients with cancer. Clin. Cancer Res. 29 (14), 2714–2724. doi:10.1158/1078-0432.CCR-22-3116

	Delalat, S., Sultana, I., Osman, H., Sieme, M., Zhazykbayeva, S., Herwig, M., et al. (2025). Dysregulated inflammation, oxidative stress, and protein quality control in diabetic HFpEF: unraveling mechanisms and therapeutic targets. Cardiovasc Diabetol. 24 (1), 211. doi:10.1186/s12933-025-02734-4

	Fiore, A. R., Lourenço, G. J., Pereira, E. B., Dos Anjos, L. F. D. A., Lima, C. S. P., and Zantut-Wittmann, D. E. (2025). Early and long-term thyroid dysfunction in patients with head and neck squamous cell carcinoma after external radiotherapy: clinicopathological risk factors. Head. Neck 47, 2336–2347. doi:10.1002/hed.28150

	Galati, L., Chiocca, S., Duca, D., Tagliabue, M., Simoens, C., Gheit, T., et al. (2022). HPV and head and neck cancers: towards early diagnosis and prevention. Tumour Virus Res. 14, 200245. doi:10.1016/j.tvr.2022.200245

	Galvao, F., Rode, M. P., de Campos, P. S., Bruch, G. E., Carregal, V. M., Massensini, A. R., et al. (2023). MiRNAs that target amyloid precursor protein processing machinery in extracellular vesicles and particles derived from oral squamous cells carcinoma. J. Oral Pathol. Med. 52 (9), 877–884. doi:10.1111/jop.13475

	Hossain, M. J., Al-Mamun, M., and Islam, M. R. (2024). Diabetes mellitus, the fastest growing global public health concern: early detection should be focused. Health Sci. Rep. 7 (3), e2004. doi:10.1002/hsr2.2004

	Hussein, R. M. (2023). Long non-coding RNAs: the hidden players in diabetes mellitus-related complications. Diabetes Metab. Syndr. 17 (10), 102872. doi:10.1016/j.dsx.2023.102872

	Ismail, L., Materwala, H., and Al Kaabi, J. (2021). Association of risk factors with type 2 diabetes: a systematic review. Comput. Struct. Biotechnol. J. 19, 1759–1785. doi:10.1016/j.csbj.2021.03.003

	Jin, T., Li, F., Wei, W., Li, Q., Gao, Y., Yuwen, C., et al. (2025). SDF2L1 downregulation mediates high glucose-caused schwann cell dysfunction by inhibiting nuclear import of TFEB and CREB via KPNA3. Exp. Neurol. 390, 115273. doi:10.1016/j.expneurol.2025.115273

	Knoedler, L., Baecher, H., Alfertshofer, M., Knoedler, S., Schaschinger, T., Geldner, B., et al. (2025). A retrospective analysis of 8457 glossectomy cases over 15 years-the boon and bane of radical neck dissection. J. Craniofac Surg . doi:10.1097/SCS.0000000000011327

	Kvitne, K. E., Hjelmesæth, J., Hovd, M., Sandbu, R., Johnson, L. K., Andersson, S., et al. (2024). Oral drug dosing after gastric bypass and diet-induced weight loss: simpler than we think? Lessons learned from the COCKTAIL study. Clin. Pharmacol. Ther. 116 (3), 647–652. doi:10.1002/cpt.3307

	Lai, S., Kang, Z., Sun, J., Wang, Z., Xu, Y., Xing, S., et al. (2025). Semaglutide and high-intensity interval exercise attenuate cognitive impairment in type 2 diabetic mice via BDNF modulation. Brain Sci. 15 (5), 480. doi:10.3390/brainsci15050480

	Li, J., Ding, S., Zou, B., Chu, M., Gu, G., Chen, C., et al. (2024a). LncRNA PVT1 promotes malignant progression by regulating the miR-7-5p/CDKL1 axis in oral squamous cell carcinoma. Mol. Cell. Probes 78, 101995. doi:10.1016/j.mcp.2024.101995

	Li, Y., Li, X., Zhu, M., Liu, H., Lei, Z., Yao, X., et al. (2024b). Development of a physiologically based pharmacokinetic population model for diabetic patients and its application to understand disease-drug-drug interactions. Clin. Pharmacokinet. 63 (6), 831–845. doi:10.1007/s40262-024-01383-2

	Lian, M., Li, H., Zhang, Z., Fang, J., and Liu, X. (2025). Gene-level connections between anxiety disorders, ADHD, and head and neck cancer: insights from a computational biology approach. Front. Psychiatry 16, 1552815. doi:10.3389/fpsyt.2025.1552815

	Lv, Z., Wang, Z., Hu, J., Su, H., Liu, B., Lang, Y., et al. (2024). LncRNA PVT1 induces mitochondrial dysfunction of podocytes via TRIM56 in diabetic kidney disease. Cell. Death Dis. 15 (9), 697. doi:10.1038/s41419-024-07107-5

	Mallardo, D., Cortellini, A., Capone, M., Madonna, G., Pinato, D. J., Warren, S., et al. (2022). Concomitant type 2 diabetes mellitus (T2DM) in metastatic melanoma patients could be related to lower level of LAG-3: a transcriptomic analysis of a retrospective cohort. Ann. Oncol. 33 (4), 445–447. doi:10.1016/j.annonc.2022.01.007

	Mallardo, D., Woodford, R., Menzies, A. M., Zimmer, L., Williamson, A., Ramelyte, E., et al. (2023). The role of diabetes in metastatic melanoma patients treated with nivolumab plus relatlimab. J. Transl. Med. 21 (1), 753. doi:10.1186/s12967-023-04607-4

	Mirestean, C. C., Stan, M. C., and Badulescu, F. (2023). Implications of diabetes in head and neck cancer - a single center real-world data. Bratisl. Lek. Listy 124 (7), 549–552. doi:10.4149/BLL_2023_085

	Moreland, R., Arredondo, A., Dhasmana, A., Dhasmana, S., Shabir, S., Siddiqua, A., et al. (2025). Current paradigm and futuristic vision on new-onset diabetes and pancreatic cancer research. Front. Pharmacol. 16, 1543112. doi:10.3389/fphar.2025.1543112

	Rawal, R. M., Joshi, M. N., Bhargava, P., Shaikh, I., Pandit, A. S., Patel, R. P., et al. (2015). Tobacco habituated and non-habituated subjects exhibit different mutational spectrums in head and neck squamous cell carcinoma. 3 Biotech. 5 (5), 685–696. doi:10.1007/s13205-014-0267-0

	Repassy, G. D., Molnár, A., Maihoub, S., Hargas, D., and Tamás, L. (2025). Survival analysis of laryngeal squamous cell cancer, considering different treatment modalities and other factors influencing survival - a monocentric retrospective investigation. Eur. Arch. Otorhinolaryngol. 282 (4), 1989–2000. doi:10.1007/s00405-025-09229-8

	Shi, R., Zhuang, X., Liu, T., Yao, S. N., and Xue, F. S. (2025). The role of NLRP3 inflammasome in oral squamous cell carcinoma. J. Inflamm. Res. 18, 5601–5609. doi:10.2147/JIR.S512770

	Tian, H., Qiu, M., Na, K., Qi, Z., Xu, K., Liu, H., et al. (2025). Effect of CYP2C19 genotype on outcomes of treatment with ticagrelor versus clopidogrel in acute coronary syndrome patients with diabetes mellitus: a analysis in a large-scale, real-world study. Eur. J. Pharmacol. 996, 177546. doi:10.1016/j.ejphar.2025.177546

	Wang, K., Zhang, R., Li, C., Chen, H., Lu, J., Zhao, H., et al. (2024). Construction and assessment of an angiogenesis-related gene signature for prognosis of head and neck squamous cell carcinoma. Discov. Oncol. 15 (1), 284. doi:10.1007/s12672-024-01084-z

	Yadav, S. S., Ruwali, M., Shah, P. P., Mathur, N., Singh, R. L., Pant, M. C., et al. (2008). Association of poor metabolizers of cytochrome P450 2C19 with head and neck cancer and poor treatment response. Mutat. Res. 644 (1-2), 31–37. doi:10.1016/j.mrfmmm.2008.06.010

	Yan, P., Wang, Y., Yu, X., Liu, Y., and Zhang, Z. J. (2021). Type 2 diabetes mellitus and risk of head and neck cancer subtypes: a systematic review and meta-analysis of observational studies. Acta Diabetol. 58 (5), 549–565. doi:10.1007/s00592-020-01643-0

	Yen, F. S., Wei, J. C. C., Ko, F. S., Huang, Y., Yip, H. T., Tsai, F. J., et al. (2025). Association of DPP-4 inhibitors with respiratory and cardiovascular complications in patients with COPD: a nationwide cohort study. ERJ Open Res. 11 (3), 00919-2024. doi:10.1183/23120541.00919-2024

	You, A. J., Park, J., Shin, J. M., and Kim, T. H. (2025). Oxidative stress and dietary antioxidants in head and neck cancer. Antioxidants (Basel) 14 (5), 508. doi:10.3390/antiox14050508

	Zhang, W., Lu, P., Li, X., and Fang, Q. (2025a). Hypothyroidism following immunotherapy predicts more postoperative complication in oral squamous cell carcinoma. BMC Cancer 25 (1), 643. doi:10.1186/s12885-025-14070-7

	Zhang, Y., Chen, H., Feng, Y., Liu, M., Lu, Z., Hu, B., et al. (2025b). Activation of AMPK by GLP-1R agonists mitigates Alzheimer-related phenotypes in transgenic mice. Nat. Aging 5, 1097–1113. doi:10.1038/s43587-025-00869-3

	Zhao, Y., Zhao, L., Li, M., Meng, Z., Wang, S., Li, J., et al. (2024). Long non-coding RNA PVT1 regulates TGF-Beta and promotes the proliferation, migration and invasion of hypopharyngeal carcinoma FaDu cells. World J. Surg. Oncol. 22 (1), 254. doi:10.1186/s12957-024-03536-w

	Zhao, C., Wang, Y., Jiang, Z., Guo, S., Hu, L., Pan, J., et al. (2025). SOAT1 activates NLRP3 inflammasome to promote cancer-related lymphangiogenesis and metastasis via IL-1β/IL-1R-1 axis in oral squamous cell carcinoma. Mol. Carcinog. 64 (6), 1039–1056. doi:10.1002/mc.23907

	Zhu, J., Zhou, Y., Wang, J., Zhang, D., Cai, C., Zeng, Y., et al. (2025). Perioperative pain threshold trajectories and influencing factors among lung cancer patients. Pain Manag. Nurs . doi:10.1016/j.pmn.2025.04.007

	Zou, W., Huo, B., Tu, Y., Zhu, Y., Hu, Y., Li, Q., et al. (2025). Metabolic reprogramming by chemo-gene co-delivery nanoparticles for chemo-immunotherapy in head and neck squamous cell carcinoma. Acta Biomater. 199, 361–373. doi:10.1016/j.actbio.2025.04.031


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
Copyright © 2025 He, Chen, Han, Zhao, Hou, Fang and Lian. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fgene-16-1660012-g002.jpg





OPS/images/fgene-16-1660012-g003.jpg
Diabetes q 0.01 HNSCC_All

3851
(43.4%)

HNSCC _q 0.01





OPS/xhtml/nav.xhtml
Table of Contents

		Cover

		The association between diabetes and head and neck squamous cell carcinoma: evidence from clinical cohort and bioinformatics analyses		Introduction

		Methods

		Results

		Conclusion

		1 INTRODUCTION

		2 METHODS		2.1 Study workflow

		2.2 Patient selection and clinical data

		2.3 Co-occurrence modeling of DM and HNSCC by sex		2.3.1 Estimation of sex-stratified contingency tables

		2.3.2 The modeling process comprised the following steps

		2.3.3 Statistical analysis of Co-occurrence





		2.4 Literature data mining for gene–disease associations

		2.5 Cross-disease gene overlap analysis

		2.6 Functional analysis of overlapping genes

		2.7 Construction of directed pathways connecting DM and HNSCC





		3 RESULTS		3.1 Co-occurrence modeling of diabetes and HNSCC by sex

		3.2 Disease-gene identification and comparison results

		3.3 PPI analysis

		3.4 Directed pathway connecting diabetes mellitus and HNSCC

		3.5 Functional annotation analysis results





		4 DISCUSSION		4.1 Sex-stratified Co-occurrence of diabetes and HNSCC

		4.2 Shared genetic basis between diabetes and HNSCC

		4.3 Molecular mechanisms linking diabetes and HNSCC

		4.4 Converging biological and lifestyle factors in the DM–HNSCC axis

		4.5 Strengths and limitations





		5 CONCLUSION

		DATA AVAILABILITY STATEMENT

		ETHICS STATEMENT

		AUTHOR CONTRIBUTIONS

		FUNDING

		CONFLICT OF INTEREST

		GENERATIVE AI STATEMENT

		SUPPLEMENTARY MATERIAL

		REFERENCES









OPS/images/cover.jpg
’ frontiers | Frontiers in Genetics

The association between
diabetes and head and neck
squamous cell carcinoma:
evidence from clinical cohort
and bioinformatics analyses





OPS/images/fgene-16-1660012-g001.jpg
Functional Annotation: FAResults overlapping genes

GO0:0007611~learning or memory

hsa04726:Serotonergic synapse
G0:0048011~neurotrophin TRK receptor signaling pathway
hsa05130:Pathogenic Escherichia coli infection
G0:0019899~enzyme binding

hsa05417:Lipid and atherosclerosis

G0:0005158~insulin receptor binding
G0:0045821~positive regulation of glycolytic process

G0:0046875~ephrin receptor binding

T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
-log1l0(PValue)









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers in Genetics





