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Objective: To develop and validate a clinical prediction model for moderate-
to-severe tinnitus (THI ≥ 38) in patients with hearing loss and to identify the key 
psychological and clinical factors associated with its risk.

Methods: This retrospective single-centre study included 301 patients with 
hearing loss who visited Qinghai University Affiliated Hospital between August 
2024 and May 2025. The cohort was randomly divided into a training set 
(n = 210) and a validation set (n = 91) in a 7:3 ratio. Moderate-to-severe tinnitus 
served as the outcome of interest. Psychological and clinical risk factors were 
initially screened using univariate logistic regression, and variables with p < 0.05 
were subsequently included in a multivariable logistic regression model.

Results: The final multivariable model identified five independent psychological 
and clinical risk factors for moderate-to-severe tinnitus: older age (OR = 2.415), 
hypertension (OR = 2.120), poor sleep quality (OR = 2.821), anxiety 
(OR = 1.967), and severe hearing loss (OR = 3.452). The model demonstrated 
good discriminative performance, with an AUC of 0.734 in the training set and 
0.760 in the validation set.

Conclusion: In patients with hearing loss, psychological and clinical risk factors—
including poor sleep quality, anxiety, hypertension, and severe hearing loss—
were significantly associated with moderate-to-severe tinnitus. These findings 
underscore the need for integrated management strategies that address both 
psychological and clinical components of tinnitus risk.
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1 Introduction

Tinnitus is defined as the perception of sound in the absence of an external auditory 
stimulus. It is relatively common in adults, especially among the elderly. Recent global 
epidemiological data indicate that approximately 14% of adults experience tinnitus, with 
about 2% suffering from severe forms that significantly impair quality of life (1). The 
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prevalence of tinnitus increases markedly with age, making it a 
common comorbidity in older populations (2). Among the various 
risk factors, hearing loss is widely recognized as the most 
important predictor of tinnitus (3–5). Chen et al. also suggested a 
potential association between laryngopharyngeal reflux (LPR) and 
tinnitus, highlighting possible shared pathophysiological 
mechanisms (6). In addition, tinnitus is increasingly viewed as a 
condition influenced by systemic and vascular factors. Studies 
have linked it to comorbidities such as dyslipidemia, 
atherosclerosis, thyroid dysfunction, and psychiatric disorders, as 
well as vascular and neurological abnormalities like carotid 
plaques and white matter lesions (7, 8).

Age-related hearing loss (ARHL), also known as presbycusis, 
is highly prevalent in older adults and is closely associated with 
both the presence and severity of tinnitus. Several studies have 
reported that individuals with hearing loss are two to three times 
more likely to report tinnitus compared to those with normal 
hearing (3, 4). Even after controlling for auditory thresholds, age 
itself remains an independent risk factor, suggesting that 
age-related mechanisms beyond the auditory system may 
contribute to tinnitus onset (2). Other factors such as vertigo, 
poor sleep quality, and chronic head or neck pain have also been 
shown to further increase tinnitus risk (9). Beyond auditory 
pathology, growing evidence indicates that psychological factors 
also play a significant role in the development and persistence of 
tinnitus (5, 10, 11). Depression and anxiety are among the most 
common psychiatric comorbidities in tinnitus patients. Systematic 
reviews have found that approximately one-third of individuals 
with tinnitus meet the criteria for clinically significant depression 
(11, 12). A large-scale cohort study by Oosterloo et  al. 
demonstrated that even mild tinnitus was strongly associated with 
elevated levels of depressive and anxiety symptoms (13). In 
addition, certain psychological traits such as neuroticism and 
somatization may increase both the likelihood of tinnitus and the 
degree of subjective distress it causes (14). Given the multifactorial 
nature of tinnitus, recent research has focused on developing 
multivariable prediction models to enable early identification and 
intervention for high-risk individuals. Rademaker et al. developed 
a logistic regression model incorporating factors such as age, sleep 
quality, and hearing aid use, which successfully predicted tinnitus 
presence in the general population (15). Hobeika and Jafari 
further applied machine learning methods to large-scale biobank 
and clinical datasets, integrating psychological and clinical risk 
factors to construct high-accuracy models with good external 
validation performance (16, 17). These studies provide a 
theoretical foundation and practical tools for precision prediction 
and individualized intervention in tinnitus management. Despite 
these advances, prediction models specifically targeting older 
adults with hearing loss remain limited, particularly those that 
integrate both psychological and clinical risk factors. Therefore, 
this study aimed to identify key risk factors associated with 
tinnitus among individuals with hearing impairment, with a 
special focus on older adults. Based on these findings, we sought 
to develop a clinically applicable prediction model incorporating 
psychological and clinical risk factors to improve early recognition 
and promote personalized management of tinnitus in 
clinical practice.

2 Materials and methods

2.1 Patient selection

This was a single-centre, retrospective observational study conducted 
at Qinghai University Affiliated Hospital between August 2024 and May 
2025. A total of 301 patients with hearing loss were included.

Inclusion criteria were as follows: (1) age ≥18 years; (2) completed 
audiological assessments, medical history, and psychological 
questionnaires; (3) completion of the Tinnitus Handicap Inventory 
(THI) for evaluating tinnitus severity; and (4) availability of all key 
clinical variables required for the analysis. Exclusion criteria included: 
(1) active acute ear diseases (e.g., otitis externa or media, sudden 
sensorineural hearing loss); (2) history of cranial trauma or otologic 
surgery; (3) diagnosed neurodegenerative or severe psychiatric 
disorders; and (4) incomplete or missing data.

All eligible patients were randomly divided into a training set 
(n = 210) and a validation set (n = 91) in a 7:3 ratio. The study was 
approved by the Ethics Committee of Qinghai University Affiliated 
Hospital (Approval No. P-SL-2024-056), and written informed 
consent was obtained from all participants.

2.2 Variable selection and definitions

A total of 18 candidate variables were included in the analysis to 
develop the predictive model. The primary outcome was moderate-
to-severe tinnitus in patients with hearing loss. According to the THI, 
tinnitus severity is categorized as follows: slight (0–16), mild (18–36), 
moderate (38–56), severe (58–76), and catastrophic (78–100) (18, 19). 
In this study, patients with a THI score ≥ 38—corresponding to 
moderate, severe, or catastrophic tinnitus—were classified as having 
moderate-to-severe tinnitus and coded as 1. Those with a THI score 
< 38 (i.e., slight or mild tinnitus), or with no tinnitus symptoms, were 
coded as 0. This binary classification was used as the outcome variable 
in model construction.

The predictors encompassed five domains: demographic, 
otological, clinical, psychological, and sleep-related factors. 
Demographic variables included age, gender, and BMI, which was 
categorized as underweight (<18.5), normal (18.5–23.9), overweight 
(24.0–27.9), or obese (≥28.0) based on Chinese criteria (20). Otological 
indicators included hearing loss severity—classified as mild (26–40 dB), 
moderate (41–60 dB), or severe (61–80 dB)—as well as the duration of 
hearing loss (<12 vs. ≥12 months), laterality (unilateral vs. bilateral), 
family history of hearing loss or tinnitus, history of ototoxic drug 
exposure, and occupational noise exposure (≥85 dB for ≥8 h/day for 
≥1 year).

Clinical comorbidities included hypertension, diabetes, 
hyperlipidemia, and laryngopharyngeal reflux (LPR), the latter 
defined by a Reflux Symptom Index (RSI) ≥ 13 and a Reflux Finding 
Score (RFS) ≥ 7 (21, 22). Psychological variables included anxiety and 
depression, assessed using the Zung Self-Rating Anxiety Scale (SAS) 
and the Patient Health Questionnaire-9 (PHQ-9), respectively. 
Anxiety was defined as SAS ≥ 50, and depression as PHQ-9 ≥ 10 (23, 
24). Sleep quality was assessed using the Pittsburgh Sleep Quality 
Index (PSQI), with a score >5 indicating poor sleep quality (25).
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TABLE 1 Basic patient characteristics.

Variables Total (n = 301) Moderate-to-severe 
tinnitus (THI ≥38, n = 186)

No or mild tinnitus 
(THI <38, n = 115)

p-value

Age 0.002*

  <60 85 (28.2%) 40 (21.5%) 45 (39.1%)

  ≥60 216 (71.8%) 146 (78.5%) 70 (60.9%)

Gender 0.702

  Male 162 (53.8%) 98 (52.7%) 64 (55.7%)

  Female 139 (46.2%) 88 (47.3%) 51 (44.3%)

Diabetes 0.283

  No 206 (68.4%) 132 (71.0%) 74 (64.3%)

  Yes 95 (31.6%) 54 (29.0%) 41 (35.7%)

Hypertension 0.004*

  No 185 (61.5%) 102 (54.8%) 83 (72.2%)

  Yes 116 (38.5%) 84 (45.2%) 32 (27.8%)

Smoking 0.206

  No 184 (61.1%) 108 (58.1%) 76 (66.1%)

  Yes 117 (38.9%) 78 (41.9%) 39 (33.9%)

Alcohol consumption 0.471

  No 114 (37.9%) 67 (36.0%) 47 (40.9%)

  Yes 187 (62.1%) 119 (64.0%) 68 (59.1%)

Poor sleep quality 0.005*

  No 120 (39.9%) 62 (33.3%) 58 (50.4%)

  Yes 181 (60.1%) 124 (66.7%) 57 (49.6%)

Anxiety 0.007*

  No 147 (48.8%) 79 (42.5%) 68 (59.1%)

  Yes 154 (51.2%) 107 (57.5%) 47 (40.9%)

Hearing loss severity <0.001*

  Mild 125 (41.5%) 59 (31.7%) 66 (57.4%)

  Moderate 76 (25.2%) 53 (28.5%) 23 (20.0%)

  Severe 100 (33.2%) 74 (39.8%) 26 (22.6%)

Duration of hearing loss 0.778

  <12 months 151 (50.2%) 95 (51.1%) 56 (48.7%)

  ≥12 months 150 (49.8%) 91 (48.9%) 59 (51.3%)

LPR 0.152

  No 256 (85.0%) 163 (87.6%) 93 (80.9%)

  Yes 45 (15.0%) 23 (12.4%) 22 (19.1%)

Hearing loss side 0.017*

  Bilateral 161 (53.5%) 110 (59.1%) 51 (44.3%)

  Unilateral 140 (46.5%) 76 (40.9%) 64 (55.7%)

Depression 0.001*

  No 157 (52.2%) 83 (44.6%) 74 (64.3%)

  Yes 144 (47.8%) 103 (55.4%) 41 (35.7%)

Ototoxic drug use 0.234

  No 220 (73.1%) 131 (70.4%) 89 (77.4%)

  Yes 81 (26.9%) 55 (29.6%) 26 (22.6%)

Noise exposure 0.081

(Continued)
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These variables were selected based on prior literature and 
clinical relevance, and were included in subsequent univariate and 
multivariable logistic regression analyses to construct the final 
prediction model.

2.3 Statistical analysis

All statistical analyses were conducted using R software 
(version 4.4.2). Continuous variables were tested for normality. 
Those with a normal distribution were presented as mean ± 
standard deviation and compared using the independent samples 
t-test, while non-normally distributed variables were expressed as 
median and interquartile range (IQR) and compared using the 
Mann–Whitney U test. Categorical variables were summarized as 
frequencies and percentages and compared using the 
chi-square test.

To identify predictors of moderate-to-severe tinnitus, univariate 
logistic regression analysis was first performed. Variables with a 
p-value < 0.05 in univariate analysis were subsequently included in a 
multivariate logistic regression model to identify independent risk 
factors. A predictive nomogram was constructed based on the final 
multivariable model.

Model performance was evaluated using several metrics: 
discrimination was assessed by the area under the receiver operating 
characteristic (ROC) curve (AUC) and concordance index (C-index); 
calibration was assessed via Brier score and calibration curves; and 
clinical utility was evaluated using decision curve analysis (DCA). 
Internal validation was performed using 1,000 bootstrap resamples. 
The Hosmer–Lemeshow goodness-of-fit test was used to assess model 
calibration. A two-sided p-value < 0.05 was considered statistically 
significant. All analyses and visualizations were implemented using R 
packages including rms, pROC, and rmda.

3 Result

3.1 Baseline characteristics

There were no statistically significant differences between the 
moderate-to-severe tinnitus group (THI ≥ 38, n = 186) and the no or 
slight-to-mild tinnitus group (THI < 38, n = 115), based on chi-square 
tests, in terms of gender (p = 0.702), diabetes (p = 0.283), smoking 
(p = 0.206), alcohol consumption (p = 0.471), duration of hearing loss 
≥12 months (p = 0.778), history of LPR (p = 0.152), ototoxic drug use 
(p = 0.234), noise exposure (p = 0.081), family history (p = 0.226), 
hyperlipidemia (p = 0.896), or BMI category (p = 0.104).

In contrast, patients with moderate-to-severe tinnitus were 
significantly more likely to be of older age (≥60 years) (78.5% vs. 
60.9%, p = 0.002), have hypertension (45.2% vs. 27.8%, p = 0.004), 
poor sleep quality (66.7% vs. 49.6%, p = 0.005), anxiety symptoms 
(57.5% vs. 40.9%, p = 0.007), depressive symptoms (55.4% vs. 35.7%, 
p  = 0.001), severe hearing loss (39.8% vs. 22.6%, p  < 0.001), and 
bilateral hearing loss (59.1% vs. 44.3%, p = 0.017).

Detailed comparisons of basic patient characteristics between the 
two groups are summarized in Table 1.

3.2 Univariate and multivariable logistic 
regression analysis

Univariate logistic regression analysis was performed on all 
candidate variables in the training set. The results indicated that age, 
hypertension, poor sleep quality, anxiety, depression, noise exposure 
history, and hearing loss severity were significantly associated with the 
presence of moderate-to-severe tinnitus among patients with hearing 
loss (all p < 0.05). These significant variables were subsequently 
entered into a multivariable logistic regression model. The analysis 
revealed that age (OR = 2.415, 95% CI: 1.243–4.746, p = 0.010), 

TABLE 1 (Continued)

Variables Total (n = 301) Moderate-to-severe 
tinnitus (THI ≥38, n = 186)

No or mild tinnitus 
(THI <38, n = 115)

p-value

  No 217 (72.1%) 127 (68.3%) 90 (78.3%)

  Yes 84 (27.9%) 59 (31.7%) 25 (21.7%)

Family history 0.226

  No 287 (95.3%) 180 (96.8%) 107 (93.0%)

  Yes 14 (4.7%) 6 (3.2%) 8 (7.0%)

Hyperlipidemia 0.896

  No 212 (70.4%) 130 (69.9%) 82 (71.3%)

  Yes 89 (29.6%) 56 (30.1%) 33 (28.7%)

BMI 0.104

  Normal 156 (51.8%) 92 (49.5%) 64 (55.7%)

  Overweight 78 (25.9%) 44 (23.7%) 34 (29.6%)

  Obese 51 (16.9%) 38 (20.4%) 13 (11.3%)

  Underweight 16 (5.3%) 12 (6.5%) 4 (3.5%)

BMI, body mass index; LPR, laryngopharyngeal reflux; THI, Tinnitus Handicap Inventory; Variables with p-value <0.05 were considered statistically significant and are marked with *.
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hypertension (OR = 2.120, 95% CI: 1.113–4.134, p = 0.024), poor 
sleep quality (OR = 2.821, 95% CI: 1.477–5.533, p = 0.002), anxiety 
(OR = 1.967, 95% CI: 1.044–3.771, p = 0.038), and severe hearing loss 
(OR = 3.452, 95% CI: 1.629–7.631, p = 0.002) were independent 
predictors of moderate-to-severe tinnitus. Details of the univariate 
and multivariable analyses are presented in Tables 2, 3. These five 
variables were incorporated into the final prediction model and 
visualized using a nomogram.

3.3 Model construction

The predictive model was constructed based on the training set. 
Variables that were statistically significant in the univariate analysis 
(p < 0.05) were entered into a multivariable logistic regression model. 
Ultimately, five independent predictors of moderate-to-severe tinnitus 
were identified: age, hearing loss severity, poor sleep quality, anxiety, 
and hypertension (all p < 0.05). These variables formed the basis of the 
final prediction model. A nomogram was subsequently developed to 
provide individualized risk estimates for moderate-to-severe tinnitus 
in patients with hearing loss (Supplementary Figure 1), serving as a 
practical and visual tool for clinical risk assessment.

3.4 Model validation

The predictive model based on five independent variables—age, 
hearing loss severity, poor sleep quality, anxiety, and hypertension—
demonstrated good discriminatory ability in both the training and 
validation sets. The area under the AUC was 0.734 (95% CI: 0.664–
0.806) in the training set and 0.760 (95% CI: 0.647–0.859) in the 
validation set, demonstrating acceptable discriminative performance. 
The corresponding Brier scores were 0.196 and 0.186, respectively, 
suggesting low prediction error and good model accuracy. Calibration 
curves based on 1,000 bootstrap resampling iterations showed 
excellent agreement between predicted probabilities and observed 

TABLE 2 Univariate logistic regression analysis of risk factors for 
moderate-to-severe tinnitus in patients with hearing loss.

Variables OR 95%CI p-value

Age

<60 Reference

≥60 2.543 (1.377, 4.740) 0.003*

Gender

Male Reference

Female 1.312 (0.750, 2.309) 0.343

Diabetes

No Reference

Yes 0.858 (0.471, 1.574) 0.617

Hypertension

No Reference

Yes 2.000 (1.118, 3.647) 0.021*

Smoking

No Reference

Yes 1.147 (0.649, 2.044) 0.638

Alcohol consumption

No Reference

Yes 1.177 (0.662, 2.087) 0.576

Poor sleep quality

No Reference

Yes 2.023 (1.146, 3.595) 0.015*

Anxiety

No Reference

Yes 1.768 (1.010, 3.124) 0.048*

Hearing loss severity

Mild Reference

Moderate 2.167 (1.089, 4.418) 0.030*

Severe 2.611 (1.331, 5.268) 0.006*

Duration of hearing loss

<12 months Reference

≥12 months 0.867 (0.496, 1.515) 0.617

LPR

No Reference

Yes 0.602 (0.284, 1.280) 0.183

Hearing loss side

Bilateral Reference

Unilateral 0.574 (0.326, 1.005) 0.053

Depression

No Reference

Yes 2.135 (1.213, 3.803) 0.009*

Ototoxic drug use

No Reference

Yes 1.588 (0.836, 3.112) 0.166

(Continued)

TABLE 2 (Continued)

Noise exposure

No Reference

Yes 1.996 (1.037, 4.007) 0.044*

Family history

No Reference

Yes 0.600 (0.162, 2.222) 0.431

Hyperlipidemia

No Reference

Yes 1.249 (0.675, 2.353) 0.484

BMI

Normal Reference

Overweight 0.806 (0.408, 1.597) 0.534

Obese 1.773 (0.801, 4.179) 0.171

Underweight 1.478 (0.451, 5.723) 0.536

OR, odds ratio; CI, confidence interval; BMI, body mass index; LPR, laryngopharyngeal 
reflux; Variables with p-value <0.05 were considered statistically significant and are marked 
with *.
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outcomes. The Hosmer–Lemeshow goodness-of-fit test also supported 
adequate model fit in both the training (χ2 = 6.50, p = 0.591) and 
validation (χ2 = 7.38, p = 0.496) DCA further indicated that the model 
provided a positive net clinical benefit across a wide range of threshold 
probabilities in both sets, supporting its potential utility for 
individualized risk stratification. To assess the model’s stratification 
ability in practical settings, patients in the validation set were divided 
into three groups—low-, medium-, and high-risk—based on tertiles 
of predicted probabilities. The actual incidence of moderate-to-severe 
tinnitus increased progressively across these groups, confirming the 
model’s capacity to effectively stratify risk levels. These findings are 
comprehensively illustrated in Figure 1.

4 Discussion

Our multivariate model identified five independent predictors of 
moderate-to-severe tinnitus among hearing-impaired patients: older 
age, more severe hearing loss, comorbid sleep disturbance, higher 
anxiety levels, and hypertension. Age was significantly associated with 
tinnitus risk, likely reflecting age-related auditory degeneration and 
reduced neural plasticity (2, 4). Severe hearing loss also demonstrated 
a strong association with clinically significant tinnitus, consistent with 
the deafferentation theory (16, 26). Hypertension emerged as a modest 
yet independent predictor, echoing prior findings that cochlear 

microvascular dysfunction may exacerbate tinnitus susceptibility (27, 
28). Most notably, sleep disturbance and anxiety were strong 
predictors, consistent with large cohort studies indicating elevated 
tinnitus odds among individuals with insomnia or anxiety disorders 
(29–31). In contrast, depression, despite its high comorbidity with 
tinnitus in univariate analysis, did not retain significance after 
multivariate adjustment—suggesting its effects may be  mediated 
through sleep and anxiety.

These associations likely reflect multiple converging 
pathophysiological pathways. Cochlear damage from aging or noise 
exposure reduces afferent input, leading to maladaptive central gain 
and synchronized bursting in auditory cortex neurons—a mechanism 
supported by the stochastic resonance theory and top-down network 
reorganization (16, 26). Hypertension may contribute to cochlear 
ischemia, impaired ionic homeostasis, and oxidative stress, resulting 
in heightened neural excitability (27, 28). Sleep disturbance likely 
amplifies tinnitus via chronic hyperarousal: patients often exhibit 
elevated beta/gamma EEG activity during wake and sleep, diminished 
deep sleep, and HPA axis dysregulation with abnormal cortisol 
secretion (32, 33). Anxiety promotes hypervigilance and limbic 
overactivation (e.g., amygdala, insula), creating a feedback loop 
between tinnitus perception and emotional distress (31, 33, 34). 
Depression, though not independently predictive in our model, shares 
overlapping neurobiological substrates with tinnitus and may interact 
through common pathways, including HPA dysfunction and impaired 
coping (12, 35–37).

Our findings broadly align with existing epidemiological and 
neurobiological literature. Age and hearing loss are consistently 
identified as primary risk factors in large datasets such as NHANES 
and the UK Biobank (2, 4, 16). The strong link between poor sleep and 
tinnitus has been documented in multiple cross-sectional studies, 
including NHANES analyses, which report that insufficient or excessive 
sleep increases tinnitus risk independent of hearing status (29, 38). 
Similarly, anxiety has been repeatedly shown to double the odds of 
reporting bothersome tinnitus, and remains significant even after 
adjusting for hearing loss and other factors (30, 31). Although many 
studies report elevated depression rates in tinnitus sufferers (35, 36), 
our findings echo recent population-based analyses indicating that 
depression’s independent role is diminished once anxiety and sleep are 
controlled for (12, 30). The modest association between hypertension 
and tinnitus observed in our cohort is also supported by meta-analyses 
and large population studies such as the Tromsø Study (27, 28).

These findings have several implications for clinical practice. First, 
screening for sleep and anxiety disturbances should be standard in the 
management of tinnitus among hearing-impaired patients. 
Interventions such as cognitive-behavioral therapy (CBT) for insomnia 
or anxiety have shown efficacy in reducing tinnitus distress and 
improving quality of life (39, 40). Second, modifiable cardiovascular 
risk factors such as hypertension should be actively managed, as they 
may contribute to cochlear pathology. Third, treating underlying 
hearing loss with amplification or cochlear implants can improve both 
tinnitus perception and associated psychological distress (41). Finally, 
a multidisciplinary approach—integrating audiologic care, mental 
health support, and sleep interventions—may yield the best outcomes 
(42). Future research should explore causal directions through 
longitudinal designs, incorporate objective sleep and stress biomarkers, 
and examine genetic susceptibility to stress-mediated tinnitus (37). 
Understanding these pathways could inform preventive strategies and 
tailored interventions for high-risk subgroups.

TABLE 3 Multivariable logistic regression analysis of risk factors for 
moderate-to-severe tinnitus in patients with hearing loss.

Variables OR 95%CI p-value

Age

<60

≥60 2.415 (1.243, 4.746) 0.010*

Hypertension

No

Yes 2.120 (1.113, 4.134) 0.024*

Poor sleep quality

No

Yes 2.821 (1.477, 5.533) 0.002*

Anxiety

No

Yes 1.967 (1.044, 3.771) 0.038*

Depression

No

Yes 1.789 (0.956, 3.374) 0.070

Noise exposure

No

Yes 2.057 (0.991, 4.452) 0.059

Hearing loss severity

Mild

Moderate 2.144 (1.000, 4.714) 0.053

Severe 3.452 (1.629, 7.631) 0.002*

OR, odds ratio; CI, confidence interval; Variables with p-value <0.05 were considered 
statistically significant and are marked with *.
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4.1 Limitations

This study has several limitations. First, its cross-sectional design 
precludes any inference of causality; it is unclear whether poor sleep 
and anxiety precede tinnitus onset or result from it. Longitudinal 
studies are needed to clarify temporal relationships. Second, our 
depression measure may have been underpowered; structured 
diagnostic interviews or longer-term assessments might reveal more 
nuanced effects. Third, the study was conducted at a single tertiary 
care centre in western China, which may limit generalizability to other 
populations. Cultural, genetic, and environmental differences should 
be considered when interpreting these findings.

We also lacked objective audiometric and sleep data. Detailed 
hearing profiles (e.g., tinnitus pitch matching, residual inhibition tests) 
and objective sleep assessments such as polysomnography would 
enhance the accuracy of tinnitus phenotyping and allow better 
mechanistic insight. Biomarkers such as cortisol levels or heart rate 
variability could also clarify the role of neuroendocrine and autonomic 
dysregulation. Future research should incorporate multimodal 
approaches—including neuroimaging, genetics, and longitudinal 
follow-up—to build a more comprehensive model of tinnitus risk.

5 Conclusion

In conclusion, our study highlights the complex interplay between 
auditory and non-auditory factors in the development of 

moderate-to-severe tinnitus. While hearing loss and aging remain 
central predictors, the strong, independent roles of sleep disturbance 
and anxiety suggest that tinnitus should be  considered a 
biopsychosocial condition. Interventions targeting these modifiable 
factors hold promise for reducing the incidence and severity of 
clinically significant tinnitus among hearing-impaired patients.
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FIGURE 1
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odds ratio; CI, confidence interval. (A) Receiver operating characteristic (ROC) curves for the training and validation sets, showing good discriminative 
ability in both sets. (B) Calibration curves based on 1,000 bootstrap resampling iterations, indicating good agreement between predicted probabilities 
and observed outcomes. Model calibration was further supported by the Hosmer–Lemeshow goodness-of-fit test. (C) Decision curve analysis (DCA) 
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probabilities in both the training and validation sets, showing a progressive increase in the observed incidence of moderate-to-severe tinnitus across 
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