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Objective: Evidence is limited on the multidimensional psychosocial heterogeneity among patients with subjective tinnitus, and
practical tools for early risk stratification remain largely unexplored. This study aimed to identify distinct psychosocial phenotypes
under the biopsychosocial model to pinpoint the high-risk population and to develop and validate a visualized nomogram predicting
severe psychological distress for targeted interventions.

Methods: A total of 534 subjective tinnitus patients were enrolled. Latent profile analysis using seven psychosocial indicators (Self-
Rating Anxiety Scale total score, Self-Rating Depression Scale total score, positive life events score, negative life events score,
subjective support score, objective support score, and support utilization score) identified distinct patient phenotypes. The “Severe
Anxiety Isolated” phenotype was defined as the target “high-distress” group for the prediction model. Clinical characteristics and
tinnitus-related disability were compared across groups. Multivariate logistic regression identified independent predictors of the high-
distress phenotype to construct a nomogram, validated via ROC, calibration, and decision curve analysis.

Results: Four distinct psychosocial phenotypes were identified via LPA: the Chronic Vulnerable phenotype (18.73%), the Severe Anxiety
Isolated phenotype (28.09%, defined as the high-distress high-risk phenotype), the Well Adapted Healthy phenotype (43.82%), and the High
Positive Life Events Resilient phenotype (9.18%). The Severe Anxiety Isolated phenotype had significantly higher Tinnitus Handicap
Inventory (THI) and Insomnia Severity Index (ISI) scores compared with other phenotypes (all P<0.001). Age group (21-39 years), longer
tinnitus duration, concurrent presence of vertigo, bilateral tinnitus, and easily agitated/irritable personality traits were independent risk factors
for the high-distress phenotype. The constructed nomogram exhibited good discrimination (AUC=0.756 in the training cohort and 0.737 in the
testing cohort), calibration, and clinical utility.

Conclusion: Subjective tinnitus patients exhibit profound psychosocial heterogeneity, with the Severe Anxiety Isolated phenotype
facing the highest psychological risk. Our developed nomogram accurately predicts this high-risk phenotype using routine outpatient
indicators, facilitating early risk stratification and precision biopsychosocial interventions.

Keywords: subjective tinnitus, latent profile analysis, nomogram, precision medicine, audiological rehabilitation

Introduction
Tinnitus, defined as the perception of sound in the absence of an external acoustic stimulus, is a complex clinical
symptom that has long affected approximately 10-15% of adults worldwide.'> The chronicity and severity of this
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symptom contribute to a significant global disease burden, generating substantial psychosocial and economic costs.>*
Tinnitus not only manifests as abnormal auditory perception, but is often accompanied by severe psychological disorders
such as anxiety, depression, and sleep disturbances.”® A meta-analysis encompassing 22 studies revealed that compared
to the general population, patients with tinnitus not only face elevated risks of anxiety (1.63-fold), depression (1.92-fold),
and insomnia (3.07-fold), but more alarmingly, exhibit a 5.31-fold higher risk of suicide when accompanied by severe
psychological distress.® However, the clinical manifestations of tinnitus exhibit remarkable heterogeneity:’ the severity of
psycho-emotional distress is often disproportionate to the audiological or physiological impairment. Individuals present-
ing with nearly identical audiometric profiles may report vastly different subjective experiences; one might successfully
habituate to the phantom sound, while another suffers from debilitating anxiety and severe functional impairment.
Traditional biomedical perspectives, which focus primarily on auditory pathways or isolated neurostructural abnormal-
ities, fail to adequately explain this profound individual variance.®’

To unravel this profound heterogeneity, it is crucial to recognize that the psychological burden of tinnitus is not
merely an isolated emotional response but the result of complex interactions across multiple psychosocial dimensions.”'
While previous studies have extensively documented the individual impacts of hearing loss'' or basic emotional
distress,'? they have largely overlooked the dynamic interconnections among these clinical variables. For instance,
negative life events can act as catalysts that intensify psychological distress and weaken social bonds,'* whereas robust
social support serves as a critical buffer that mitigates anxiety and indirectly reduces perceived tinnitus severity.'*
Because these diverse dimensions recombine in different ways, tinnitus patients comprise multiple distinct psychosocial
phenotypes rather than a homogeneous population. Traditional linear analytical methods, which estimate average
associations across the entire sample, often struggle to capture complex nonlinear heterogeneity and may obscure
clinically meaningful individual differences and distinct symptom configurations, thereby necessitating more refined,
person-centered classification approaches.'> Furthermore, identifying these subtypes is only the first step. The ultimate
goal of clinical practice is to predict phenotypic classification through simple, objective clinical indicators. Establishing
an effective predictive model can assist clinicians in rapidly identifying high-risk patients who are prone to severe
psychosocial crises, thereby providing clear intervention targets for personalized and precision management.'®'” This is
particularly important because standard tinnitus care still relies heavily on subjective symptom reports and audiological
evaluation,® while reliable objective markers for psychosocial risk stratification and treatment success remain limited.
A nomogram is a visual clinical prediction tool that integrates multiple independent predictors into a simple graphical
scoring system, allowing clinicians to estimate an individual patient’s probability of a specific outcome in an intuitive and
quantitative manner.'®'” In the present study, this approach is particularly relevant because it can translate routinely
collected outpatient indicators into individualized risk estimates for high-distress psychosocial phenotypes, thereby
supporting rapid screening and precision biopsychosocial intervention.

Therefore, this study aimed to systematically characterize the psychosocial patterns of patients with subjective
tinnitus and to identify distinct latent subgroups using Latent Profile Analysis (LPA). As an advanced person-centered
statistical approach, LPA was utilized to deconstruct the multidimensional heterogeneity of the population by uncovering
unobserved, homogeneous profiles based on continuous psychosocial indicators. Furthermore, we sought to determine
the key risk factors such as personality traits, disease course, and clinical symptoms that drive this phenotypic
classification and to develop a visualized nomogram. These findings are intended to provide clinicians with an intuitive
and quantifiable tool to accurately predict individual risk levels and implement more targeted intervention strategies.

Methods
Study Design and Population

This cross-sectional study reviewed the historical electronic medical records and clinical data of outpatients who visited
the Tinnitus Clinic of the Department of Otology, Yan’an University Affiliated Hospital, between January 2023 and
December 2025. During this period, consecutive outpatients attending the clinic were routinely evaluated according to
the institution’s standardized clinical protocols for tinnitus management. As part of standard routine care, tinnitus type
was determined, and secondary etiologies were systematically ruled out through comprehensive medical history
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collection, physical examinations, and necessary auxiliary tests. To monitor clinical progress, eligible patients routinely
completed standardized clinical scale assessments in a quiet environment during their consultations. Clinic medical staff
provided standard procedural guidance regarding the scales as part of normal clinical practice, without intervening in the
patients’ responses. All clinical findings and scale scores were documented and verified in the hospital’s electronic
database using a pre-defined case report form for routine quality control and traceability. Patients were eligible for
consecutive enrollment if they met the following clinical criteria: (1) a definite diagnosis of subjective tinnitus with
a disease duration > 3 months; (2) age between 18 and 75 years; and (3) normal reading and comprehension abilities
sufficient to independently complete self-assessment scales during their routine visits. Patients were excluded from this
retrospective analysis if they met any of the following criteria based on their historical medical records: (1) organic or
conductive tinnitus caused by definite etiologies (eg., external auditory canal obstruction, otitis media, or acoustic
neuroma); (2) a documented history of psychiatric illness, or the use of systemic anxiolytics or antidepressants within
two weeks prior to the clinic visit (to eliminate baseline psychiatric confounds and ensure that psychological scale scores
primarily reflected tinnitus-related distress); (3) presence of severe systemic diseases that could significantly affect
symptom assessment or confound result interpretation; or (4) incomplete routine questionnaire records.

As illustrated in the flow chart in Figure 1, a total of 642 medical records of patients with tinnitus were initially
screened. During the data selection process, 35 cases were excluded in the first round because 12 patients were aged
under 18 or over 75 years and 23 patients had a tinnitus duration of less than 3 months, leaving 607 eligible patients after
the first exclusion. In the second round of screening, an additional 73 cases were excluded, which specifically consisted
of 28 patients with organic or conductive tinnitus, 21 patients with a history of psychiatric illness or recent anxiolytic and
antidepressant use, 14 patients with severe systemic diseases, and 10 patients with incomplete routine questionnaire
records, resulting in a final analytical cohort of 534 patients.

The current research protocol was formally reviewed and approved by the Medical Ethics Committee of the Yan’an
University Affiliated Hospital prior to any data extraction or statistical analysis. At the time of their clinical consultations,
all participating outpatients had already signed a routine institutional informed consent form agreeing to undergo
standardized psychological scale assessments as an integral component of their routine diagnostic evaluation and clinical
management. Consequently, since this cross-sectional study strictly utilized these existing medical records and all
extracted dataset profiles were fully anonymized to safeguard patient privacy, additional study-specific consent was
deemed unnecessary by the ethics committee under the approved protocol which adhered to the institutional data privacy
regulations and the ethical guidelines of the Declaration of Helsinki.

Patients with tinnitus
at initial screening (N=642)

Age <18 years or >75 years (n=12)
Tinnitus duration <3 months (n=23)
Total excluded in this round: n = 35

Eligible patients after first exclusion (n=607)

Organic or conductive tinnitus (n=28)

Anxiolytic or antidepressant use in the past 2 weeks
or history of psychiatric illness (n=21)

Severe systemic disease (n=14)

Incomplete questionnaire completion (n=10)

Total excluded in this round: n =73

Patients included in final analysis (n=534)

Figure | Flowchart of participant screening and enroliment.
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This study was conducted and reported in accordance with the Strengthening the Reporting of Observational Studies
in Epidemiology guidelines. The completed Strengthening the Reporting of Observational Studies in Epidemiology
checklist is available as Supplementary File 1.

Instruments and Measurements

Indicator Variables for Latent Profile Analysis

To identify distinct psychosocial phenotypes among tinnitus patients, the LPA was conducted. Guided by the biopsycho-
social model, we posited that a patient’s overall psychological burden is collectively shaped by their baseline emotional
state, external environmental stressors, and available psychosocial buffering resources. Therefore, seven specific con-
tinuous variables spanning these three core dimensions were selected as the indicators for the LPA model.

The first dimension, emotional status, was quantified using the total scores of the Self-Rating Anxiety Scale (SAS)
and the Self-Rating Depression Scale (SDS) to evaluate the severity of anxiety and depressive symptoms,
respectively.’®?! The second dimension, environmental stressors, was assessed using the Life Events Scale (LES).
Specifically, the positive and negative life event scores were extracted separately to distinguish the distinct psychological
impacts of favorable versus adverse recent life changes. The third dimension, psychosocial buffering, was evaluated
using the Social Support Rating Scale (SSRS). This dimension incorporated three distinct subscale scores: subjective
support, objective support, and support utilization. These three variables comprehensively capture the perceived level of
care, the actual material or social assistance received, and the patient’s active engagement with available support
networks.

All seven aforementioned indicator variables were collected at baseline and directly incorporated into the LPA
modeling to uncover the underlying unobserved patient clusters.

Measurement of Psychosocial Indicator Variables

Self-Rating Anxiety Scale

Anxiety symptoms were assessed using the SAS, developed by Zung.?’ The SAS is widely used in mental health research
to evaluate the severity of anxiety symptoms. The scale consists of 20 items measuring the frequency of anxiety
symptoms experienced recently. Each item is rated on a 4-point Likert scale (1 = “none or a little of the time,” 2 =
“some of the time,” 3 = “a good part of the time,” and 4 = “most or all of the time”), with five items reverse-scored. The
raw sum score ranges from 20 to 80, and is typically multiplied by 1.25 to obtain the standardized score. A standardized
score >50 is commonly used as the cutoff for clinically significant anxiety symptoms, with higher scores indicating
greater severity. In this study, the Cronbach’s o coefficient for the SAS was 0.872, indicating good internal consistency.

Self-Rating Depression Scale

Depressive symptoms were assessed using the SDS, also developed by Zung.?' The SDS is widely used to measure the
severity of depressive symptoms. The scale comprises 20 items assessing the frequency of depressive mood and related
symptoms experienced recently. Each item is rated on a 4-point Likert scale (1 = “none or a little of the time,” 2 = “some
of the time,” 3 = “a good part of the time,” and 4 = “most or all of the time”), with ten items reverse-scored. The raw sum
score ranges from 20 to 80, and is multiplied by 1.25 to derive the standardized score. A standardized score >53 is
generally considered indicative of clinically significant depressive symptoms, with higher scores reflecting greater
severity. In this study, the Cronbach’s a coefficient for the SDS was 0.907, demonstrating good internal consistency.

Social Support Rating Scale

Social support was measured using the SSRS, which remains one of the most widely used assessment tools for social
support in China. The scale consists of 10 items comprising three distinct subscales: objective support, subjective
support, and support utilization. Rather than using an aggregated total score, we specifically extracted these three
independent subscale scores as indicator variables for the LPA. This approach allows for a more granular evaluation
of the patients’ multidimensional support networks. Higher scores on these respective subscales indicate greater levels of
actual material assistance received, perceived emotional backing, and active utilization of available support resources.
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Specifically, within this self-report instrument, objective support is operationally assessed through factual indicators
regarding the patient’s observable social structures and tangible help such as living arrangements and concrete sources of
emergency financial aid, whereas subjective support measures the patient’s internal emotional perceptions of being
respected, understood, and supported by family or colleagues, and support utilization reflects the active behaviors of the
patient in seeking and leveraging these available resources. In this study, the Cronbach’s a coefficient for the SSRS was
0.855, suggesting good internal consistency.

Life Events Scale (LES)

Life events were assessed using LES.?* The LES evaluates important life events experienced over the past 12 months and
their psychosocial impact, covering multiple domains including family life, work/study, and social interactions.
Participants were asked to report whether specific events had occurred and to evaluate the nature and impact of these
events.

The scale first records whether participants have experienced relevant life events. If an event occurred, participants
classified it as either positive or negative based on their judgment, and assessed its impact. Finally, positive and negative
life event scores were calculated according to the scale’s scoring rules, with higher scores indicating greater psycholo-
gical impact from the respective type of life events. In this study, the positive life event score reflected the perceived
psychosocial impact associated with favorable life events, whereas the negative life event score reflected the psycholo-
gical burden associated with adverse life events. Both scores were included as continuous variables in the LPA model.
The Cronbach’s a coefficient for the LES was 0.891.

Predictor Variables for Model Development

To enhance the clinical interpretability and predictive value of the identified phenotypes, easily accessible baseline
predictors from the outpatient setting were incorporated. These candidate predictors were comprehensively extracted
from the standardized clinical data form and classified into three primary categories: sociodemographic characteristics,
tinnitus-related clinical characteristics, and personality traits. Sociodemographic characteristics included age stratified into
three exact ranges: 21-39 years, 40—60 years, and 61-74 years, sex (male or female), educational level recategorized into
three explicit tiers: low education (no education, primary school, junior high school), medium education (senior high
school, technical secondary school), and high education (college, postgraduate and above), and marital status categorized as
unmarried, married, divorced, or widowed. Tinnitus-related clinical characteristics encompassed tinnitus duration
(included in the analysis as a continuous variable measured in years), tinnitus laterality classified as left ear, right ear, or
bilateral, and the presence of accompanying vertigo. To capture stable individual differences in psychological and
behavioral patterns, self-reported personality traits were systematically assessed using the Eysenck Personality
Questionnaire,” a well-validated and widely used instrument for personality evaluation in clinical and epidemiological
research. Based on the two core dimensions of extraversion (E) and neuroticism (N) from the EPQ, participants were
categorized into four classic, mutually exclusive temperament typologies: choleric (high extraversion, high neuroticism),
sanguine (high extraversion, low neuroticism), phlegmatic (low extraversion, low neuroticism), and melancholic (low
extraversion, high neuroticism). Hearing loss was defined as a pure-tone average of air conduction thresholds >25 dB HL at
0.5, 1,2, and 4 kHz, measured in a sound-attenuated booth using a calibrated clinical audiometer by a certified audiologist.
Patients were dichotomized into two groups: normal hearing (PTA <25 dB HL) and hearing loss (PTA > 25 dB HL).

Outcome Variables for Validation

To externally validate the clinical relevance and severity of the identified psychosocial phenotypes, two highly
recognized clinical assessment tools were employed as primary outcome variables. The first outcome variable was the
Tinnitus Handicap Inventory, which was utilized to evaluate the impact of tinnitus on patients’ daily lives and their self-
perceived severity of the symptom. It is a standardized and self-administered questionnaire that comprehensively
measures the functional, emotional, and catastrophic dimensions of tinnitus-related disability. The total score ranges
from 0 to 100, with higher scores indicating a more profound subjective burden and greater impairment in the patient’s

Psychology Research and Behavior Management 2026:19 https: 5



Xu et al

quality of life. In this study, differences in these scores were compared across the latent profiles to verify whether the
most psychologically vulnerable groups experienced the highest objective disease burden.*

Furthermore, given the robust correlation between tinnitus and sleep disorders, the Insomnia Severity Index was
independently administered to assess the nature, severity, and impact of insomnia. This seven-item scale captures
patients’ subjective distress regarding sleep onset, sleep maintenance, early awakening, and daytime fatigue. The total
score ranges from 0 to 28, where higher scores signify more severe sleep disturbances. Incorporating this index as an
external validation metric allowed us to corroborate the broader somatic and psychosocial impact of the specific tinnitus
phenotypes beyond auditory symptoms alone.?

Statistical Analysis

Latent Profile Analysis

Our total sample size of 534 participants aligns well with the recommended guidelines for mixture modeling. Previous
methodological and simulation studies have indicated that a sample size of approximately 500 is generally adequate to
achieve sufficient statistical power and stability in latent profile analysis for correctly enumerating the true number of
latent classes, even when incorporating multiple continuous indicators.”*?” Prior to identifying the latent profiles of
psychosocial characteristics, it was imperative to standardize the continuous indicator variables to eliminate dimensional
differences and scale variances among the different psychometric tools. All seven psychosocial indicators were
transformed into standard Z-scores using the formula

where X represents the raw score, y is the sample mean, and o is the standard deviation. This essential standardization
step ensured that variables with inherently larger numeric ranges, such as the Life Events Scale, did not disproportio-
nately dominate the variance in the clustering algorithm. Following this transformation, the latent profile analysis was
executed using R software to explore the unobserved population heterogeneity. The optimal number of profiles was
rigorously determined by comprehensively evaluating multiple fit indices and classification quality metrics detailed in
Table 1. These evaluated metrics included the Log-Likelihood, Akaike Information Criterion (AIC), Bayesian
Information Criterion (BIC), Sample-Size-Adjusted BIC, Approximate Weight of Evidence, Entropy, the minimum
class assignment probability, and the Bootstrap Likelihood Ratio Test (BLRT). Generally, lower values of the information
criteria indicate a superior model fit with optimal parsimony, while Entropy values closer to 1 reflect higher classification
accuracy.

Table | Fit Indices of Latent Profile Analysis Models with Different Numbers of Classes

Classes | LogLik | AIC BIC SABIC | AWE | Entropy | prob_min | BLRT (P-value)
| —5291 10,609 | 10,669 | 10,625 10,797 | 1.000 1.000 <0.001

2 —4905 9853 9947 9877 10,150 | 0.894 0.960 <0.001

3 —4579 9218 9346 9251 9633 0.902 0.962 <0.001

4 —4522 | 9120 | 9283 | 9162 9623 | 0.938 0.942 <0.001

5 —4510 9112 9309 9163 9734 0.859 0.608 0.042

6 —4489 9087 9318 9146 9817 0.806 0.750 0.107

Notes: Lower values for AIC, BIC, SABIC, and AWE generally indicate a better model fit. The 4-class model (in bold) was
selected as the optimal model because it demonstrated the lowest BIC and AWE values, a high Entropy value (0.938), and robust
posterior probabilities (0.942), indicating excellent classification accuracy before the model fit deteriorated at 5 classes.
Abbreviations: Loglik, Log-likelihood; AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; SABIC,
Sample-size Adjusted Bayesian Information Criterion; AWE, Approximate Weight of Evidence; Entropy, a measure of classifica-
tion certainty (values closer to | indicate clearer classification); prob_min, the lowest average posterior probability of class
membership.
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Between-Group Comparisons and Factor Selection

Following the identification of latent profiles, participants were assigned to their most likely profile, which served as the
grouping variable for subsequent between-group comparisons and factor selection. Differences in clinical characteristics
and outcome validation variables (THI and ISI scores) across the identified profiles were examined using univariate
analysis. For continuous variables, the choice of test was determined by their distribution: analysis of variance was used
for approximately normally distributed variables, while the Kruskal-Wallis test was applied for skewed distributions.
Categorical variables were compared using the chi-squared test or Fisher’s exact test, as appropriate.

Subsequently, a specific target profile of interest (eg., a pre-defined high-distress profile such as Class 2) was used as
the binary dependent variable in a multivariable logistic regression analysis. Candidate variables that were statistically
significant in univariate analyses or considered clinically meaningful were entered into a stepwise selection process to
identify independent risk factors. Odds ratios (ORs) with their 95% confidence intervals (Cls) were calculated.

Nomogram Development and Validation

A visualized nomogram was constructed using the rms package in R, based on the regression coefficients from the
multivariable logistic regression model, to provide individualized risk estimates for the target outcome. This nomogram
is designed to predict the risk of the high-distress psychosocial phenotype (Severe Anxiety Isolated class) in tinnitus
patients. Candidate variables that were statistically significant in univariate analyses or considered clinically meaningful
were entered into a backward stepwise selection process based on the AIC to minimize the risk of overfitting and identify
independent predictors.

For model validation, the total sample (N = 534) was randomly split into a training set (70%) and a validation set
(30%). The training set was used for model fitting and nomogram construction, while the validation set was used to
independently assess the model’s generalizability. Model discrimination was evaluated using the ROC curve and the area
under the curve (AUC). To enhance clinical applicability, the optimal predicted probability cut-off was determined by
maximizing Youden’s index, allowing for the calculation of corresponding sensitivity and specificity values. Model
calibration was assessed by plotting calibration curves and examining the agreement between predicted probabilities and
observed outcomes. To rigorously mitigate the risk of overfitting inherent in single-center studies, internal validation and
model stability were further examined using intensive bootstrapping with 1000 resamples. This technique is widely
recommended as a robust internal validation alternative when an external cohort is unavailable. Furthermore, the decision
curve analysis (DCA) was performed to evaluate the clinical utility of the nomogram by quantifying the net benefit
across different threshold probabilities in clinical decision-making scenarios.

Results

Latent Profile Analysis and Optimal Class Determination
As demonstrated in the supplementary analysis, the Bayesian Information Criterion reached its lowest point at the four-
class model with a value of 9283 and subsequently increased to 9309 in the five-class model, strongly penalizing over-
parameterization. Furthermore, the four-class model exhibited a remarkably high Entropy of 0.938 and a robust minimum
class probability of 0.942. In stark contrast, extracting five or six classes resulted in a precipitous drop in both Entropy
and assignment probabilities, indicating severe model fragmentation and unreliable classification. Crucially, the BLRT
for the four-class model was highly significant (P < 0.001), providing the gold-standard statistical justification for its
retention over a three-class solution. Although the identified fourth class (Class 4) represented a relatively small
proportion of the cohort (n = 49, 9.1%), this subgroup size comfortably exceeds the established methodological threshold
of 5% required to maintain structural stability in latent profile models. Because this profile captures a clinically distinct
and highly vulnerable phenotype that is practically crucial for targeted interventions, its retention is both statistically and
theoretically sound. By meticulously balancing these objective statistical parameters with clinical interpretability, the
four-class model was definitively selected as the optimal phenotypic classification for all subsequent analyses.

A total of 534 eligible patients were included in the final analysis. Latent profile analysis was performed using
standardized psychometric and social support indicators, including anxiety symptoms, depressive symptoms, positive and
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Psychosocial Profiles of 4 Latent Classes

Latent Class @ | @ 2 @ 3 @ 4

%)

Class 2 (n=150)

Class 1 (n=100)

Standardized Mean Score (Z—score)

Class 4 (n=49)

Class 3 (n=234

sas total sds total pos stress neg stress sub support obj support  use support

Indicators

Figure 2 Psychosocial profiles of the four latent classes identified by latent profile analysis. The y-axis represents the standardized mean Z-scores, where 0 indicates the
sample mean. Values above 0 represent scores higher than the average, and values below 0 represent scores lower than the average. Indicators include: sas_total (anxiety),
sds_total (depression), pos_stress (positive life events/coping), neg_stress (negative life events), and three dimensions of social support (sub_support, obj_support,
use_support).

negative life event scores, and multidimensional social support scores. Based on model-fit indices and clinical interpret-
ability, the four-class model was selected as the optimal solution, as visually represented in Figure 2. Class 1 was defined
as the Chronic Vulnerable phenotype, comprising 100 patients or 18.73% of the cohort. This class was characterized by
moderate anxiety and depression alongside the highest support utilization score of 7.23, suggesting persistent psycho-
logical vulnerability with active use of available support resources. Class 2 represented the Severe Anxiety Isolated
phenotype, including 150 patients or 28.09% of the cohort. This class was distinctly characterized by extreme anxiety,
with a mean SAS score of 65.1, the highest negative life event score of 48.69, and the lowest total social support score of
26.75, indicating a high-distress subgroup with pronounced psychological burden and insufficient social support. Class 3
was labeled as the Well Adapted Healthy phenotype, including the majority of the sample, with 234 patients or 43.82% of
the cohort. This class was distinguished by the lowest baseline anxiety and depression levels and minimal negative life
event burden, suggesting relatively favorable psychosocial adaptation. Class 4 was labeled as the High Positive Life
Events Resilient phenotype, consisting of 49 patients or 9.18% of the cohort. This class exhibited a uniquely high
positive life event score of 17.29 while maintaining robust total social support at 37.86 and normal psychological well-
being, suggesting a resilient psychosocial pattern despite substantial life-event-related psychosocial stimulation.

Baseline Characteristics Across Latent Subgroups

Between-group comparisons revealed significant heterogeneity in baseline demographic and clinical characteristics
across the four profiles as detailed in Table 2. The High Positive Life Events Resilient cohort was the oldest with
a mean age of 53.31 (SD 14.72) years, whereas the Well Adapted Healthy cohort was the youngest at 43.37 (SD 12.59)
years (P < 0.001). Educational attainment varied significantly among subgroups, with the High Positive Life Events
Resilient and Well Adapted Healthy groups exhibiting higher rates of high education category compared to the distressed
cohorts (P < 0.001). Regarding clinical features, the Severe Anxiety Isolated group experienced the longest average
tinnitus duration of 2.91 (SD 1.21) years, while the Chronic Vulnerable group reported the highest prevalence of
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Table 2 Baseline Characteristics of Study Participants by Latent Class Subgroups

Variable Level Group I: Chronic Group 2: Severe Group 3: Well Group 4: High Positive P value Post-Hoc
Vulnerable Anxiety Isolated Adapted Healthy Life Events Resilient
(n=100) (n=150) (n=234) (n=49)
Demographics
Age, years (Mean (SD)) 51.05 (11.00) 46.68 (11.65) 43.37 (12.59) 53.31 (14.72) <0.001 4>1>2>3
Age Group (%) <0.001
21-39 years (Cat I) 18 (18.0) 51 (34.0) 87 (37.2) 8(16.3) 3>2>1>4
40-60 years (Cat 2) 55 (55.0) 78 (52.0) 121 (51.7) 21 (42.9) 1>2>3>4
61-74 years (Cat 3) 27 (27.0) 21 (14.0) 26 (11.1) 20 (40.8) 4>1>2>3
Gender (%) 0438
Male 40 (40.0) 70 (46.7) 109 (46.6) 18 (36.7) -
Female 60 (60.0) 80 (53.3) 125 (53.4) 31 (63.3) -
Marital Status (%)* 0.001
Unmarried 2 (2.0) 18 (12.0) 32 (137) 8 (16.3) 4>3>2>1
Married 97 (97.0) 128 (85.3) 201 (85.9) 38 (77.6) 1>3>2>4
Divorced 0 (0.0 2(1.3) 1 (0.4) 3(6.1) 4>2>3>|
Widowed 1 (1.0) 2(1.3) 0 (0.0 0 (0.0 2>1>3=4
Education Level (%) <0.001
No education 13 (13.0) 22 (14.7) 21 (9.0 0 (0.0 2>1>3>4
Primary school 29 (29.0) 15 (10.0) 51 (21.8) 9 (18.4) 1>3>4>2
Junior high 28 (28.0) 46 (30.7) 50 (21.4) 9 (184) 2>1>3>4
Senior high 7 (7.0) 16 (10.7) 11 (4.7) 3(6.1) 2>1>4>3
Technical secondary 15 (15.0) 22 (14.7) 20 (8.5) 9 (184) 4>1>2>3
College 8 (8.0) 21 (14.0) 41 (17.5) 12 (24.5) 4>3>2>|
Postgraduate and above 0 (0.0) 8(5.3) 40 (17.1) 7 (143) 3>4>2>1|
Education Category (%) <0.001
Low Education (Cat I) 42 (42.0) 37 (247) 72 (30.8) 9 (184) 1>3>2>4
Medium Education (Cat 2) 50 (50.0) 84 (56.0) 81 (34.6) 21 (42.9) 2>1>4>3
High Education (Cat 3) 8 (8.0) 29 (193) 81 (34.6) 19 (38.8) 4>3>2>1
Clinical Characteristics
Tinnitus Duration, years (Mean (SD)) 237 (1.22) 291 (1.21) 222 (1.26) 233 (0.99) <0.001 2>1>4>3
Tinnitus Laterality (%) <0.001
Left ear 46 (46.0) 52 (347) 90 (38.5) 0 (0.0 1>3>2>4
Right ear 29 (29.0) 28 (187) 90 (38.5) 31 (63.3) 4>3>1>2
Both ears 25 (25.0) 70 (46.7) 54 (23.1) 18 (36.7) 2>4>1>3
Vertigo Presence (%) 0.033
No vertigo 57 (57.0) 97 (64.7) 151 (64.5) 40 (81.6) 4>2>3>|
With vertigo 43 (43.0) 53 (353) 83 (35.5) 9 (184) 1>3>2>4
Psychological & Scale Assessments
Personality Trait (%) <0.001
Choleric 38 (38.0) 59 (393 18 (7.7) 12 (24.5) 2>1>4>3
Sanguine 16 (16.0) 28 (187) 84 (35.9) 14 (28.6) 3>4>2>|
Phlegmatic 16 (16.0) 44 (29.3) 94 (40.2) 6(122) 3>2>1>4
Melancholic 30 (30.0) 19 (12.7) 38 (16.2) 17 (34.7) 4>1>3>2
SAS Total Score (Mean (IQR)) 46.7 (41.2, 52.1) 65.1 (60.4, 69.8) 27.9 (24.0, 31.8) 32.6 (26.4, 38.8) <0.001 2>1>4>3
(Continued)
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Table 2 (Continued).

Variable Level Group |: Chronic Group 2: Severe Group 3: Well Group 4: High Positive P value Post-Hoc
Vulnerable Anxiety Isolated Adapted Healthy Life Events Resilient
(n=100) (n=150) (n=234) (n=49)
Anxiety Level (%) <0.001
No anxiety 69 (69.0) 4(2.7) 234 (100.0) 49 (100.0) 3=4>1>2
Mild anxiety 24 (24.0) 16 (10.7) 0 (0.0) 0 (0.0) 1>2>3=4
Moderate anxiety 7 (7.0) 97 (64.7) 0 (0.0) 0 (0.0) 2>1>3=4
Severe anxiety 0 (0.0) 33 (22.0) 0 (0.0) 0 (0.0) 2>1=3=4
SDS Total Score (Mean (IQR)) 47.1 (38.3, 55.9) 52.4 (432, 61.7) 30.5 (25.0, 36.1) 33.3 (278, 38.9) <0.001 2>1>4>3
Depression Level (%) <0.001
No depression 60 (60.0) 68 (45.3) 222 (94.9) 49 (100.0) 4>3>1>2
Mild depression 29 (29.0) 36 (24.0) 12 (5.1) 0 (0.0) 1>2>3>4
Moderate depression 330 24 (16.0) 0 (0.0) 0 (0.0) 2>1>3=4
Severe depression 8 (8.0) 22 (14.7) 0(0.0) 0 (0.0) 2>1>3=4
THI Score (Mean (IQR)) 47.0 (39.0, 55.0) 58.2 (48.1, 68.3) 25.5 (15.6, 35.3) 39.1 (294, 48.8) <0.001 2>1>4>3
ISI Score (Mean (IQR)) 153 (11.9, 188) 21.3 (169, 25.7) 9.4 (48, 14.0) 13.1 (85, 17.6) <0.001 2>1>4>3
Life Events & Social Support
Life Event Count (Mean (SD)) 1.56 (0.50) 1.94 (0.24) 1.44 (0.60) 1.61 (0.49) 0.255 -
Life Event Score (Mean (SD)) 24.96 (17.58) 51.65 (21.46) 12.71 (14.48) 24.47 (12.53) <0.001 2>1>4>3
Positive life events Score (Mean (SD)) 0.36 (1.10) 0.57 (1.38) 1.02 (2.12) 17.29 (4.44) <0.001 4>3>2>|
Negative life events Score (Mean (SD)) 18.93 (16.64) 48.69 (22.77) 12.72 (16.63) 10.29 (16.48) <0.001 2>1>3>4
Family Problems (Mean (SD)) 10.41 (14.39) 29.11 (20.78) 7.08 (12.85) 5.65 (11.14) <0.001 2>1>3>4
Work/Study Problems (Mean (SD)) 3.10 (9.25) 10.93 (15.84) 3.39 (9.44) 0.41 (2.86) <0.001 2>3>1>4
Social Problems (Mean (SD)) 5.34 (11.65) 8.45 (17.03) 229 (7.71) 4.22 (12.13) <0.001 2>1>4>3
Social Support Total (Mean (SD)) 33.83 (6.46) 26.75 (7.07) 35.82 (7.14) 37.86 (7.96) <0.001 4>3>1>2
Subjective Support (Mean (SD)) 16.92 (4.38) 13.89 (4.29) 17.84 (4.41) 19.20 (5.04) <0.001 4>3>1>2
Objective Support (Mean (SD)) 9.66 (3.27) 7.59 (3.54) 11.26 (3.60) 11.45 (3.74) <0.001 4>3>1>2
Support Utilization (Mean (SD)) 7.23 (2.02) 5.25 (1.69) 6.74 (2.02) 6.94 (2.11) <0.001 1>4>3>2
Social Support Category (%) <0.001
Low Support 57 (57.0) 124 (82.7) 96 (41.0) 17 (34.7) 2>1>3>4
Moderate Support 38 (38.0) 25 (16.7) 120 (51.3) 23 (46.9) 3>4>1>2
High Support 5 (5.0) 1(0.7) 18 (7.7) 9 (184) 4>3>1>2

Notes: Group | represents the Chronic Vulnerable group, Group 2 the Severe Anxiety Isolated group, Group 3 the Well Adapted Healthy group, and Group 4 the High
Positive Life Events Resilient group. Abbreviations used include SD (Standard Deviation), SAS (Self-Rating Anxiety Scale), SDS (Self-Rating Depression Scale), THI (Tinnitus
Handicap Inventory), and ISI (Insomnia Severity Index). For the newly defined categorical variables, “Age Group” is divided into Cat | (21-39 years), Cat 2 (40-60 years), and
Cat 3 (61-74 years); “Education Category” is classified into Cat | (Low Education: junior high and below), Cat 2 (Medium Education: senior high to technical secondary), and
Cat 3 (High Education: college and above); “Social Support Category” is stratified based on total scores into Cat | (Low Support), Cat 2 (Moderate Support), and Cat 3
(High Support). The “Post-hoc” column indicates the significance of differences between groups based on multiple comparison analyses, where the “>” symbol denotes

a statistically significant higher mean or proportion, and the

probability method.

“=r

symbol indicates no statistically significant difference between the respective groups. *Fisher’s exact
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accompanying vertigo at 43.0% (both P < 0.05). Psychological distress and life event perceptions demonstrated profound
intergroup disparities. The Severe Anxiety Isolated group bore the heaviest overall burden, recording the highest mean
scores on both the Self-Rating Anxiety Scale at 65.07 (SD 6.99) and the Self-Rating Depression Scale at 52.42 (SD
13.71), alongside extreme perceived stress from family problems at 29.11 (SD 20.78) and work or study problems at
10.93 (SD 15.84) (all P < 0.001). In direct contrast, the Well Adapted Healthy group maintained optimal mental well-

being and reported the lowest corresponding anxiety and depression indicators.

Independent Predictive Value of Psychosocial Subtypes for THI

Prior to model fitting, all premise assumptions of linear regression were verified: all VIF values of independent variables in the
fully adjusted model were <3, indicating no significant multicollinearity; the Shapiro—Wilk test confirmed the normal
distribution of residuals (P = 0.237); and the Breusch-Pagan test verified the homogeneity of residual variance (P = 0.312).

As visually presented in Figure 3, the core clinical outcomes of insomnia severity and tinnitus handicap exhibited
highly significant gradients across the four psychosocial latent classes, with indicated intergroup comparisons reaching
statistical significance at P < 0.001. Specifically, the Severe Anxiety Isolated phenotype endured the most profound
clinical burden, recording the highest overall scores on both the Insomnia Severity Index and the Tinnitus Handicap
Inventory, whereas the Well Adapted Healthy phenotype consistently demonstrated the mildest symptom severity.

To evaluate the independent predictive value of psychosocial subtypes (LPA classes) for tinnitus severity, we
constructed hierarchical multiple linear regression models (Table 3). After fully adjusting for demographic and clinical
baseline characteristics, including age, gender, tinnitus duration, hearing loss, and vertigo (Model 2), and further
incorporating personality traits as confounding factors (Model 3), the LPA classes remained robust independent
predictors of the THI score. In the fully adjusted model (Model 3), compared with the Class 3 (Well Adapted
Healthy), patients in Class 2 (Severe Anxiety Isolated) exhibited an independent increase of 33.54 in their THI scores
(95% CI: 30.33-36.75, P < 0.001). Similarly, the THI scores of patients in Class 1 (Chronic Vulnerable) and Class 4
(High Positive Life Events Resilient) independently and significantly increased by 22.24 (95% CI: 18.62-25.86, P <
0.001) and 13.64 (95% CI: 8.97-18.31, P < 0.001), respectively.
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Figure 3 Validation of insomnia severity and tinnitus handicap across the four psychosocial latent classes. (A) Intergroup comparison of Insomnia Severity Index scores. (B)
Intergroup comparison of Tinnitus Handicap Inventory scores. Horizontal lines within the boxes represent medians, and upper/lower whiskers represent 1.5 times the
interquartile range. Individual data points are plotted as jitters. Significance levels were determined by the Kruskal-Wallis H-test followed by Dunn’s post-hoc test for
pairwise comparisons. All pairs exhibited highly significant differences (p < 0.001).
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Table 3 Independent Association Between Psychosocial Subtypes (LPA Classes) and Tinnitus Severity

Psychosocial Subtypes Model | P-value | Model 2 P-value | Model 3 P-value
(Crude) (Adjusted) (Fully Adjusted)

Class 3 (Well Adapted Healthy) Reference — Reference — Reference —

Class | (Chronic Vulnerable) 21.53 (18.20, 24.86) | <0.001 20.96 (17.54, 24.38) | <0.001 22.24 (18.62, 25.86) | <0.001

Class 2 (Severe Anxiety Isolated) 32.72 (29.80, 35.63) | <0.001 32.27 (29.26, 35.29) | <0.001 33.54 (30.33, 36.75) | <0.001

Class 4 (High Positive Life Events Resilient) | 13.69 (9.30, 18.07) <0.001 13.00 (8.43, 17.58) <0.001 13.64 (8.97, 18.31) <0.001

Notes: Model |: Crude model, unadjusted. Model 2: Adjusted for age, gender, tinnitus duration, hearing loss, and vertigo. Model 3: Adjusted for all variables in Model 2, plus
personality traits. Data are presented as § (95% confidence interval), indicating the estimated increase in THI score compared to the reference group (Class 3).

Construction and Efficacy Evaluation of a Nomogram for Predicting High-Risk
Subtypes

To elucidate the independent clinical and psychological factors associated with membership in the Class 2 Severe
Anxiety Isolated phenotype, candidate variables were subjected to multivariable logistic regression analysis, with Class 2
membership coded as the binary dependent outcome. In this context, odds ratios below 1 were interpreted as indicating
lower odds of belonging to the Class 2 Severe Anxiety Isolated phenotype, whereas odds ratios above 1 were interpreted
as indicating higher odds of belonging to this high-distress phenotype. Following a backward stepwise selection process
based on the Akaike Information Criterion, five variables emerged as the optimal subset of independent predictors: age
group, tinnitus duration, presence of vertigo, tinnitus laterality, and specific personality traits (Table 4). Compared with
patients aged 21-39 years, patients aged 40—60 years and 61—74 years had significantly lower odds of belonging to the
Class 2 Severe Anxiety Isolated phenotype, with odds ratios of 0.254 (95% CI: 0.132—0.479) and 0.190 (95% CI: 0.082—
0.425), respectively. Conversely, longer tinnitus duration was associated with higher odds of belonging to the Class 2
Severe Anxiety Isolated phenotype (OR: 1.262, 95% CI: 1.157-1.411), as was the concurrent presence of vertigo (OR:
1.599, 95% CI: 1.073-2.641). Regarding tinnitus laterality, bilateral tinnitus was associated with higher odds of Class 2
membership compared with unilateral left-sided tinnitus (OR: 2.254, 95% CI: 1.279—4.016), whereas right-sided tinnitus

Table 4 Multivariate Logistic Regression Analysis of Class2

Variable OR 95% CI P-value
(Intercept) 0.166 | 0.058-0.445 | <0.001
Age group (ref=21-39) I

40-60 0.254 | 0.132-0.479 | <0.001
61-74 0.19 | 0.082-0.425 | <0.001
Tinnitus duration 1262 | 1.157-1.411 0.029
Vertigo (ref=No vertigo) |

With vertigo 1.599 | 1.073-2.641 0.045
Tinnitus laterality (ref=Left ear) |

Right ear 0.318 | 0.174-0.568 | <0.001
Both ears 2.254 | 1.2794.016 0.005
Personality (ref=Phlegmatic) |

Choleric 4.628 | 2.328-9.429 | <0.001
Melancholic 1.942 | 0.93-4.07 0.077
Sanguine 0.972 | 0.44-2.102 0.943

Notes: In this model, membership in the Class 2 Severe Anxiety Isolated phenotype
was coded as the binary dependent outcome. ORs greater than | indicate higher odds
of belonging to Class 2, whereas ORs less than | indicate lower odds of belonging to
Class 2. Data are presented as odds ratios with corresponding 95% confidence intervals
and P-values derived from multivariable logistic regression analysis. A P-value <0.05 was
considered statistically significant. For categorical variables, the “ref” designation repre-
sents the reference category against which the other categories were compared. This
table presents the final predictive model after backward stepwise variable selection
based on the Akaike Information Criterion.

Abbreviations: OR, odds ratio; Cl, confidence interval; ref, reference category.
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was associated with lower odds of belonging to Class 2 (OR: 0.318, 95% CI: 0.174-0.568). Notably, personality traits
demonstrated substantial predictive value. Compared with a phlegmatic temperament, a choleric temperament was
associated with markedly higher odds of belonging to the Class 2 Severe Anxiety Isolated phenotype (OR: 4.628,
95% CI: 2.328-9.429).

Based on these five identified independent prognostic factors, a clinical prediction nomogram was constructed to visualize
and quantify the individualized risk of developing the Severe Anxiety Isolated phenotype (Figure 4). Within this scoring system,
each predictor corresponds to a specific point value on a primary axis ranging from 0 to 100 based on its regression coefficient.
Consistent with the multivariable analysis, bilateral tinnitus and a choleric temperament dictate the highest individual scores
approaching 100 points, while the youngest age category contributes approximately 80 points. By summing the points across all
five variables, clinicians can locate a total score on a secondary axis ranging from 0 to 300, which directly translates to a predicted
incidence probability between 10% and 70%. For instance, a highly vulnerable clinical profile comprising a young adult aged 21
to 39 years with a prolonged tinnitus duration, concurrent vertigo, bilateral symptoms, and a choleric temperament would
accumulate a cumulative score of approximately 280 points, yielding a predicted high-risk probability of nearly 70%. In stark
contrast, a patient presenting with an optimal protective profile such as being older with no vertigo and possessing a baseline
phlegmatic disposition would score near zero, corresponding to a baseline risk probability of approximately 10%.

Furthermore, the established nomogram demonstrated robust predictive performance. ROC analysis yielded an AUC
of 0.756 in the training set and 0.737 in the independent testing set (Supplementary Figure 1). Based on the optimal

balance of Youden’s index, the predicted probability cut-off was determined to be approximately 34.2%, providing
a sensitivity of 72.6% and a specificity of 71.4%. Calibration curves confirmed excellent agreement between predicted
and observed probabilities, with a minimal mean absolute error of 0.033 (Supplementary Figure 2). Finally, DCA

demonstrated that utilizing this nomogram yields a superior net clinical benefit across a wide threshold probability range
(approximately 1% to 65%) compared to “treat-all” or “treat-none” strategies (Supplementary Figure 3), firmly establish-

ing its pragmatic value for early risk stratification.
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Figure 4 Visualized nomogram model for predicting Class 2 membership (Severe Anxiety Isolated phenotype). The nomogram integrates five independent risk factors: age
group, tinnitus duration, vertigo, Tinnitus laterality, and personality trait. To utilize this tool, locate a patient’s specific value for each predictor and draw a vertical line
upwards to the “Points” axis to assign a score. The scores for all predictors are summed to obtain the “Total Points”. Finally, draw a vertical line down from the total points
through the “Linear Predictor” to the “Risk of Class 2” axis to determine the individualized probability of belonging to the Severe Anxiety Isolated class.
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Discussion

To elucidate the psychosocial heterogeneity among patients with subjective tinnitus, this study applied a person-centered
latent profile analysis to identify distinct patient phenotypes. Guided by the biopsychosocial model, our profiling of 534
patients identified four distinct psychosocial phenotypes encompassing the Chronic Vulnerable, Severe Anxiety Isolated,
Well Adapted Healthy, and High Positive Life Events Resilient groups. Consistent with our hypothesis, the findings
indicated that the subjective severity of tinnitus and accompanying insomnia were significantly associated with these
underlying psychosocial configurations. The Severe Anxiety Isolated phenotype emerged as the most vulnerable cohort,
exhibiting the highest clinical burden characterized by severe anxiety and depressive symptoms alongside low social
support. To translate these subtyping findings into clinical practice, we developed and internally validated a predictive
nomogram. This tool estimates the individual probability of developing the Severe Anxiety Isolated phenotype using five
readily accessible outpatient indicators encompassing age, tinnitus duration, vertigo, symptom laterality, and personality
traits, thereby providing an objective reference for early identification and targeted intervention.

This study identified four different psychosocial phenotypes, including Chronic Vulnerable phenotype, Severe
Anxiety Isolated phenotype, Well Adapted Healthy, and High Positive Life Events Resilient populations, indicating
that tinnitus distress is formed by a complex interaction of emotional states, life events, and social resources, rather than
just auditory symptoms. It is particularly worth noting the stark contrast between the Severe Anxiety Isolated cohort and
the High Positive Life Events Resilient group. Patients in the Severe Anxiety Isolated cohort faced high negative life
stress and reported the lowest levels of social support, which corresponded with the most severe tinnitus handicap and
insomnia. Conversely, patients in the High Positive Life Events Resilient phenotype experienced significant life stressors
but maintained normal psychological well-being and much lower tinnitus severity. This stark difference highlights the
crucial buffering role of social support in the pathway of tinnitus disability.”®** However, an alternative explanation
should also be considered: the High Positive Life Events Resilient phenotype showed a higher positive life-event score,
and such positive experiences may have contributed to more adaptive coping, better emotional appraisal, or greater
perceived resilience, thereby partly explaining their relatively favorable psychological outcomes.

For instance, a qualitative evaluation of peer interaction demonstrated that fostering social connectedness and
a shared identity significantly build psychological resilience against tinnitus-related distress.”® Furthermore, a recent
structural equation modeling study confirmed that social support indirectly alleviates tinnitus handicap through the full
mediating effects of fostering positive psychological qualities, specifically resilience and self-esteem.'* The resilient
patients actively utilized their high levels of subjective and objective support to cope with external pressures.'*
Psychological stress theories suggest that effective social networks provide both emotional comfort and practical
assistance, which helps prevent patients from developing catastrophic thoughts about their symptoms.>' When these
social buffering mechanisms are absent, as observed in the isolated cohort, patients are left highly vulnerable to a vicious
cycle where unmanaged daily stress and anxiety directly amplify the perceived severity of their tinnitus.>' Consequently,
clinical management of subjective tinnitus should prioritize the evaluation of patients’ social support systems to facilitate
early risk stratification and targeted psychosocial interventions. Furthermore, it is crucial to recognize that the “Severe
Anxiety Isolated” phenotype comprises approximately 28% of our study cohort. While not a “rare” subpopulation, this
substantial prevalence accurately reflects the epidemiological reality of chronic tinnitus, where severe psychiatric
comorbidities are highly prevalent. Nevertheless, this proportion should be interpreted in the context of an outpatient,
help-seeking clinical sample rather than as a general-population prevalence estimate, because patients attending specialist
tinnitus clinics are more likely to have greater symptom burden and psychological distress than community-based
individuals with tinnitus.*?

From a public health and health economics perspective, identifying a high-risk cohort of this magnitude is of
paramount clinical importance. Because this group accounts for a disproportionately large share of tinnitus-related
disability and healthcare utilization, utilizing our nomogram to efficiently screen this substantial 28% of vulnerable
patients enables the targeted allocation of intensive psychological resources where they are most urgently needed.

To translate these psychosocial profiles into clinical utility, our nomogram identified five independent risk factors
driving patients toward the Severe Anxiety Isolated phenotype, revealing several critical mechanistic pathways.
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Intriguingly, our study demonstrated that the youngest patient cohort, aged 21 to 39 years, exhibited a significantly higher
risk compared to older populations. This finding fundamentally subverts the traditional clinical assumption that older age
inherently correlates with greater tinnitus severity. Younger individuals typically navigate intense occupational and
familial pressures, making them exceptionally vulnerable to the profound sense of lost control induced by a chronic
symptom. A previous study indicated that younger working-age tinnitus patients frequently report higher levels of
catastrophic thinking and severe occupational interference, which rapidly deplete their psychological resilience.*
Alongside prolonged tinnitus duration acting as a cumulative chronicity stressor, specific somatic symptom profiles,
including bilateral tinnitus and the concurrent presence of vertigo, emerged as potent predictors. The simultaneous
burden of bilateral auditory hyperstimulation and vestibular dysfunction profoundly exacerbates perceptual overload
within the central nervous system.>* Related research has shown that such multimodal sensory disturbances compromise
spatial orientation and cognitive processing, significantly amplifying the subjective sense of physical destabilization and
triggering acute anxiety responses.>> Finally, maladaptive psychological traits, specifically an irritable or easily agitated
personality, demonstrated the strongest predictive value in our model. These neurotic dispositions inherently predispose
patients to emotional hyperarousal. Neuroscientific studies have demonstrated that such traits facilitate the pathological
overactivation of the limbic system, effectively trapping the patient in a vicious negative feedback loop where emotional
distress continuously amplifies the perceived intensity of the auditory signal.*®

It is essential to distinguish between stable characteristics and acute clinical presentations in our model. While the
nomogram incorporates stable, standardized personality traits as core predictors, the LPA-derived phenotypes are based
on indicators of acute anxiety, depression, and recent life events. In this framework, personality traits may represent
a relatively stable baseline disposition or vulnerability, whereas anxiety and depressive symptoms capture the patient’s
current acute distress state during the clinical encounter. Consequently, these phenotypes primarily reflect a highly
distressing, transient psychosocial “state” at the time of the initial clinical encounter, rather than an enduring disease
trajectory. However, from a clinical perspective, this distinction does not diminish the model’s utility. Even if a severe
distress profile is exacerbated by recent adverse events or acute mood fluctuations, this acute psychological burden
significantly amplifies tinnitus-related disability. By utilizing the nomogram to stratify patients based on their current
acute state, clinicians can implement immediate, targeted interventions (eg., crisis intervention, acute stress management,
or cognitive behavioral therapy) precisely when the patients are most vulnerable.

Our findings are consistent with and extend previous efforts to subtype tinnitus patients and develop individualized
prediction tools. Niemann et al identified distinct chronic tinnitus phenotypes using questionnaire-based cluster analysis
and emphasized the value of visualizing subgroup characteristics for stratified management.>’ Similarly, Hobeika et al
developed predictive models for tinnitus presence and severity and demonstrated that psychological and behavioral
factors, including mood, neuroticism, and sleep, were particularly important for tinnitus severity and progression.*®
Building on this literature, our study extends tinnitus phenotyping by focusing specifically on multidimensional
psychosocial profiles and translating the high-distress phenotype into a practical nomogram for outpatient risk stratifica-
tion. Beyond elucidating the underlying psychosocial mechanisms, the ultimate objective of this study is to facilitate
actionable clinical translation through the developed nomogram. Historically, the clinical evaluation of tinnitus has been
predominantly confined to pure audiological assessments, which frequently fail to capture the profound psychological
dimensions that dictate actual disease severity. Our predictive model empowers clinicians to transcend these traditional
diagnostic limitations by providing a highly pragmatic and time-efficient screening tool tailored for fast-paced outpatient
environments. Rather than relying entirely on cumbersome psychological batteries for initial triage, otolaryngologists can
utilize this visual nomogram to rapidly synthesize minimalist, routinely collected indicators encompassing patient age,
tinnitus duration, symptom laterality, concurrent vertigo, and basic personality traits. By seamlessly translating these
accessible clinical variables into a quantified probability of developing the high-burden Severe Anxiety Isolated
phenotype, the tool facilitates immediate and objective risk stratification. Consequently, clinicians can proactively
identify highly vulnerable individuals at the earliest stage and promptly integrate targeted multidisciplinary interventions,
such as early psychiatric consultation or customized cognitive behavioral therapy, long before a catastrophic psycholo-
gical crisis occurs. Ultimately, the routine application of this predictive framework represents a critical step toward
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actualizing genuine precision medicine in tinnitus care, ensuring that therapeutic resources are efficiently allocated based
on multidimensional individual risk profiles rather than isolated acoustic symptoms.

Study Limitations

Methodologically, the major strength of our study lies in utilizing advanced latent profile analysis to transcend traditional
purely audiological paradigms and avoid reliance on generalized average effects, thereby systematically revealing hidden
psychosocial phenotypes. Furthermore, the robustness of these models is deeply rooted in the high quality of our clinical
cohort, which underwent strict quality control to minimize data noise and bias. Clinically, transforming these compre-
hensive indicators into an intuitive nomogram ensures our findings are not merely theoretically robust but directly
translatable into rapid risk-screening tools for routine outpatient practice.

Nevertheless, several limitations should be acknowledged. First, the cross-sectional design limits our ability to
establish definitive causal relationships, meaning that the identified profiles likely reflect patients’ current psychosocial
states rather than enduring traits, which highlights the value of future longitudinal validations. Second, the inclusion of
participants exclusively from outpatient departments suggests a help-seeking population, which may introduce selection
bias and mean our findings might not fully represent individuals with similar psychological profiles who do not seek
clinical care. Third, while our sample size is methodologically adequate for mixture modeling, extracting a relatively
small sub-phenotype using seven continuous indicators within a single-center cohort may slightly constrain statistical
stability and the external generalizability of these predictions requires further validation in larger multicenter cohorts.
Fourth, relying on self-report measures introduces subjective bias, particularly potential recall or memory bias when
participants report historical life events, which may affect the precise quantification of these stressors. Fifth, although the
Eysenck Personality Questionnaire is a well validated instrument, its classification into four temperament types
represents a simplified typology that may not capture the full dimensional variability of extraversion and neuroticism
so future studies could examine continuous personality dimensions or alternative models. Finally, although we could not
account for all potential unmeasured covariates, we effectively mitigated this by systematically incorporating
a comprehensive array of sociodemographic, clinical, and psychological indicators into our robust models.

Conclusions

In summary, we investigated the psychosocial phenotypes of tinnitus patients using the LPA. The findings indicated that
the subjective severity of tinnitus and accompanying insomnia were significantly associated with these underlying
psychosocial configurations. Specifically, the Severe Anxiety Isolated phenotype was associated with the greatest disease
burden and the most severe sleep impairment, whereas the High Positive Life Events Resilient phenotype exhibited
a relatively stable and healthy mental state along with a lower tinnitus-related burden. These findings highlight the
mediating role of social support and emotional status in the clinical course of tinnitus, suggesting that psychosocial

assessment should be integrated into the routine protocol of comprehensive tinnitus management in clinical practice.
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