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Abstract

Background: Tinnitus and hearing loss are both prevalent chronic conditions that can significantly impair quality of life. While prior studies have 
explored the association between tinnitus and mortality, many have failed to isolate the effect of tinnitus from that of coexisting hearing loss—a 
frequent comorbidity—which may have introduced confounding and biased the results.
Objectives: To investigate the association between tinnitus and both all-cause and cause-specific mortality among U.S. adults aged 20-69 years 
with normal hearing.
Design and Methods:We conducted a population-based cross-sectional analysis using data from five cycles of the National Health and Nutrition 
Examination Survey. Adults aged 20-69 years with audiometrically confirmed normal hearing were included. Tinnitus status was self-reported. 
Key covariates included demographic characteristics, comorbid conditions etc.We implemented propensity score matching and multivariable-
adjusted Cox proportional hazards models to estimate the hazard ratios (HRs) for all-cause and cause-specific mortality.
Results: Tinnitus was found to be significantly associated with an increased risk of all-cause mortality (HR: 1.84; 95% CI: 1.38-2.44). A particularly 
elevated risk was observed for cancer-specific mortality (HR: 2.11; 95% CI: 1.26-3.58). Importantly, these findings persisted after adjusting for 
multiple covariates in the matched cohort, highlighting the robustness of the results derived from a balanced comparison.
Conclusions: Among U.S. adults with normal hearing, tinnitus was independently associated with increased risks of all-cause and cancer-specific 
mortality. These findings underscore the importance of recognizing tinnitus as not merely a benign symptom, but a potential marker of broader 
health risks, even in individuals without hearing impairment.
Keywords: tinnitus; mortality; balance; normal hearing; National Health and Nutrition Examination Survey (NHANES)
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Introduction

Tinnitus is characterized by the perception of sound in the 
absence of an identifiable external source and is widely 
recognized as both a somatic and psychological symptom 
that may signal underlying health disturbances [1]. Due to 
the clinical heterogeneity of tinnitus in terms of etiology and 
symptoms, as well as a series of accompanying symptoms 
such as insomnia, irritability, depression, anxiety, hearing 
difficulties, and hearing allergies [1,2], patients who visit the 
hospital with tinnitus as their chief complaint may be biased 
from the actual tinnitus population. But according to the 
results of most current studies, the rate of tinnitus is 10-15%, 
which increases with age [3-5].
Tinnitus, as a highly prevalent and widely symptomatic 
disease, can cause a huge burden on patients and affect their 
lives, and the probability of tinnitus patients requiring disability 
pension is far more than normal people, also causing a huge 
burden on socioeconomic [6]. Although most patients with 
tinnitus are able to cope with the distress caused by tinnitus, 

a subset of patients believe that tinnitus has severely affected 
their lives [3]. Damage to any part of the hearing pathway can 
lead to tinnitus, as can some non-hearing disorders [7], so 
there is currently no appropriate therapy for tinnitus due to the 
complexity of its pathogenesis [1]. In addition, research has 
elaborated that tinnitus is a risk factor for depression [8,9], 
cardiovascular disease [10], cognitive disorders [11], glaucoma 
[12], and other diseases, which illustrates that tinnitus may 
affect the organism more severely than we thought. The most 
frequent comorbid symptom among tinnitus sufferers is 
hearing loss.
Hearing loss is an extremely prevalent accompanying symptom 
in the patients with tinnitus [13], and the vast majority of 
patients with tinnitus have varying degrees of hearing loss, 
but some researchers have found that approximately one-third 
of people with tinnitus have hearing thresholds within normal 
range [14]. Hearing loss has an effect on all-cause and cause-
specific mortality in patients, and the exclusion of hearing 
loss as a confounding bias is necessary when examining 
the relationship between whether a patient has tinnitus and 
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mortality [15]. In terms of pathology, hearing loss leads to 
significant white matter changes, and white matter changes 
are considered to be one of the manifestations of tinnitus. 
White matter integrity in patients with chronic tinnitus is both 
directly affected by age and mediated by hearing loss [16].
The development of hearing loss negatively affects higher 
auditory processing abilities, and when hearing problems other 
than hearing loss are present, individuals with normal hearing 
may have increased compensatory attentional resource 
mobilisation, as opposed to individuals with hearing loss who 
show a loss of compensatory network connectivity involving 
multisensory integration [17]. From the molecular biology point 
of view, studies have identified tinnitus as a distinct disorder 
independent of hearing difficulties [18].
Historically, this phenomenon has been largely overlooked 
in research, resulting in insufficient consideration of hearing 
loss—a common comorbid symptom of tinnitus—in studies 
investigating the association between tinnitus and other health 
outcomes. This omission may have introduced potential bias 
into previous findings. To minimize such confounding effects, 
the present study exclusively included participants with 
tinnitus who demonstrated normal hearing function.
In several past studies, investigators have found that, in 
addition to hearing related factors [19], obesity [20], smoking 
[21], gender [22], mental stress [3, 23], hyperlipidemia [24], and 
cardiovascular disease[25]	a re  r isk  factors  for  t inn i tus . 
Considering the above, tinnitus appears to be intricately linked 
with various systemic conditions, exerting health effects that 
may extend beyond current understanding.
To gain deeper insights into the relationship between 
tinnitus and broader health outcomes, as well as its 
potential prognostic implications, we sought to eliminate 
the confounding influence of hearing loss. Therefore, this 
study specifically focused on individuals with tinnitus and 
normal hearing to assess its association with all-cause and 
cause-specific mortality. Our findings aim to inform targeted 
screening and management strategies for this unique patient 
population in clinical settings.

Methods

Study Population
Participants in this study were derived from the National 
Health and Nutrition Examination Survey (NHANES) (https://
www.cdc.gov/nchs/ ), an ongoing program designed to assess 
the health and nutritional status of a nationally representative 
sample of the U.S. population. NHANES employs a continuous, 
multistage, stratified probability sampling design across 2-year 
cycles, initiated in 1999 and approved by the National Center 
for Health Statistics Institutional Review Board.
We utilized data from five survey cycles (1999-2004, 2011-
2012, and 2015-2016), selecting those that provided 
complete information on tinnitus-related variables as well as 
relevant covariates. All data—encompassing demographic, 
socioeconomic, and health interview responses, audiometric 
assessments, and laboratory test results—were collected 
by trained health professionals according to standardized 
protocols. Appropriate sample weights, as recommended in 
the official NHANES documentation, were applied to ensure 
nationally representative estimates during statistical analyses.

To reduce age-related confounding and improve cognitive 
assessment consistency, we restricted our analytic sample 
to adults aged 20 to 69 years, thereby excluding individuals 
whose cognitive function may not have fully developed (young 
adults) or may have declined due to aging (older adults). The 
study was conducted in accordance with the Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
guidelines. As the analysis was based on publicly available, 
de-identified NHANES datasets, it was deemed exempt 
from institutional review board oversight and did not require 
individual informed consent.
Through December 31, 2019, the National Center for Health 
Statistics supplied mortality statistics connected to the 
National Death Index. The underlying cause of death was 
classified following the International Classification of 
Diseases, 10th Revision (ICD-10). Cardiac disease mortality 
was defined as death from cardiac disease (ICD-10 codes 
I00-I09, I11, I13, and I20-I51), while cancer mortality was 
classified as malignant neoplasms (ICD-10 codes C00-C97). 
The follow-up duration was calculated as the number 
of months from the date of completion of the tinnitus 
questionnaire to the date of death or until December 31, 2019, 
whichever occurred first. To minimize the potential impact 
of reverse causality, individuals who died within the first 24 
months of follow-up were excluded from the analysis.
Through questionnaire surveys, an assessment was made of 
the existence and severity of tinnitus. The steps for selecting 
patients with tinnitus have been used in many literatures 
[26,27]. Tinnitus was classified as present or absent based on 
a yes or no answer to the following questions, “In the past 12 
months, have you ever had ringing, roaring, or buzzing in your 
ears?”/ “In the past 12 months, have you been bothered by 
ringing, roaring, or buzzing in your ears or head that lasts for 5 
minutes or more?”.
To exclude the impact of hearing on tinnitus, we limited our 
study to tinnitus patients with normal hearing. Selection steps 
for patients with normal hearing have also been verified [28]. 
Low frequency hearing loss (LFHL) was defined by the pure-
tone average (PTA) of hearing thresholds at 500, 1000, and 
2000 Hz, speech frequency hearing loss (SFHL) by the PTA 
of hearing thresholds at 500, 1000, 2000, and 4000 Hz, and 
high frequency hearing loss (HFHL) by the PTA of hearing 
thresholds at 3000, 4000, 6000, and 8000 Hz. According to the 
World Health Organization criteria, normal hearing was defined 
as an unassisted PTA of less than 25 dB in the better hearing 
ear. We included data from participants who had normal 
hearing at all three frequencies.
In terms of covariates, only age was reported as a continuous 
variable. NHANES reported any poverty income ratio 
(PIR) higher than 5 as 5. Self-reported sociodemographic 
characteristics were described in the following categories: 
sex (male/female), race/ethnicity (non-Hispanic white, non-
Hispanic black, and Hispanic or other), marital status (married, 
never married or living with partner, divorced or separated, and 
widowed), education level (less than high school, high school 
or equivalent, and college or above), and family income (PIR: 
<1.30, 1.30-3.49, or ≥3.5). Using measured height and weight, 
we worked out balance (yes, no), body mass index (BMI) and 
classified it into three categories (<25, 25-30, ≥30). Lifestyle 
behaviors such as smoking history (former, never, and now), 
drinking history (mild, moderate, heavy, former, and never), and 

https://www.cdc.gov/nchs/
https://www.cdc.gov/nchs/
https://www.cdc.gov/nchs/
https://www.cdc.gov/nchs/
https://www.cdc.gov/nchs/
https://www.cdc.gov/nchs/
https://www.cdc.gov/nchs/
https://www.cdc.gov/nchs/
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physical activity (total metabolic equivalent <450, 450-749.9, 
≥750) were also variables of interest. In addition, we recorded 
the presence or absence of the following diseases at any 
time during the participant's lifetime: congestive heart failure 
(CHF), hypertension, diabetes mellitus (DM), coronary cardiac 
disease, stroke, heart attack, hyperlipidemia, and cancer.

Statistical Analysis
In accordance with the analysis guidelines of the NHANES, 
we performed all analyses with the use of sample weights, 
stratification, and clustering with a complex sampling design to 
account for sampling bias. In the final included normal hearing 
population with complete data, the continuous variables 
were described by MD (SD), and the categorical variables 
were described by the total number of subjects (weighted 
percentage), using Chi-square independent test and one-
way analysis of variance, respectively. The propensity score 
matching and cox regression model adjusted for all factors 
were used to analyze the correlation between the existence 
or absence of tinnitus and mortality. In the propensity score 
analysis, cox regression was used to build a model to estimate 
the presence of tinnitus by the following variables: age, sex, 
race/ethnicity, marital status, education level, PIR, balance, 
BMI, smoking, drinking, physical activity, CHF, hypertension, DM, 
coronary heart disease, stroke, heart attack, hyperlipidemia, 
and cancer. The matching cohorts of tinnitus users and non-
tinnitus users were established using 2:1 matching with 0.05 
caliper distance and the nearest neighbor matching algorithm 
without displacement. Standardized mean differences (SMD) 
and p-values were calculated for all included variables to 
assess balance between the matched cohort of individuals 
with tinnitus and the cohort without tinnitus. Cox regression 
analysis was adjusted for all variables to estimate the hazard 
ratio (HR) and 95% confidence interval (CI) between tinnitus 
and mortality in the unmatched and matched cohorts, 
respectively. Individuals with a pertinent medical background 
for the outcome of each examined condition were excluded 
in the cause-specific mortality study (eg, cancer mortality 
excluded previously diagnosed cancer).
In addition, stratified analyses and interaction analyses 
were performed to check if there were differences in the 
associations between different age, sex, PIR, BMI, physical 
activity, and smoking status. All analyses were conducted 
based on R (version 4.1.3), and a p-value less than 0.05 was 
considered statistically significant.

Results

Participants Characteristics
The process of participant selection is illustrated in Figure 
1. Among the 24,718 individuals who completed the tinnitus 
questionnaire across the selected NHANES cycles, 21,480 
were between 20 and 69 years of age. After excluding 
participants with abnormal hearing thresholds, missing data 
on key covariates or mortality outcomes, and those who died 
within the first 24 months of follow-up, a final analytic cohort 
of 3,869 participants with normal hearing was established. 
Table 1 showed the demographic and clinically relevant data 
of the cohort. The tinnitus group had a higher mean (SD) age 
(38.88 [0.43]	 years vs 38.02 [0.27]	 y e a r s )  a n d  a 

higher proportion of men (42.47% [301]	 v s  4 3 . 7 5 % 
[1266]) than the non-tinnitus group. Individuals with tinnitus 
exhibited lower levels of physical activity and higher smoking 
rates compared to those without tinnitus. Additionally, they 
had a higher prevalence of hypertension, hyperlipidemia, 
and stroke. After applying propensity score matching, a well-
balanced cohort of individuals with and without tinnitus was 

Figure 1. Flowchart of this study.

created (Table 1).
Tinnitus and Mortality
As shown in Figure 2, subjects with tinnitus an increased 
chance of dying from all causes and from cancer. After 
adjustment for demographic characteristics, lifestyle, and 
chronic diseases, compared with those without tinnitus, the 
HR for all-cause mortality was 1.84(95% CI, 1.38 to 2.44) in 
the unmatched cohort and 1.82(95% CI, 1.32 to 2.49) in the 
matched cohort. The HR for cancer mortality were 2.11 (95% 
CI, 1.26 to 3.58) and 2.33 (95% CI, 1.27 to 4.30), respectively. 
As can be seen, these associations were more significant in 
the cohort after matching. In addition, tinnitus was linked to a 
higher risk of accidental death (unmatched cohort: HR, 3.03; 
95%CI, 1.47-6.29; matched cohort: HR, 2.80; 95% CI, 1.11-
7.07) and death from other causes (unmatched cohort: HR, 
1.46; 95% CI, 0.87-2.46; matched cohort: HR, 1.62; 95% CI, 
0.91-2.88). In contrast, tinnitus did not affect the probability 
of death from cardiac disease (unmatched cohort: HR, 1.75; 
95%CI, 0.95-3.24; matched cohort: HR, 1.27; 95% CI, 0.65-2.49).
Most subgroups retained these connections. The correlation 
between tinnitus and all-cause mortality was stronger among 
participants with a BMI ≥ 30 (unmatched cohort: HR, 2.36; 
95%CI, 1.60-3.50; matched cohort: HR, 2.08; 95% CI, 1.32-3.27) 
and BMI 25-30 (unmatched cohort: HR, 2.96; 95%CI, 1.72-
5.09; matched cohort: HR, 2.65; 95% CI, 1.47-4.80) (Figure 3). 

A
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Unmatched Matched

variable No tinnitus Tinnitus P value No tinnitus Tinnitus P value

Respondents, No. 3058 811 1556 803

Balance 0.07 0.91

    yes 185(5.13) 63(7.37) 122(6.26) 60(7.14)

    no 583(21.86) 150(20.96) 301(22.15) 150(21.15)

not record 2290(73.01) 598(71.67) 1133(71.58) 593(71.71)

Age, mean (SD) 38.02(0.27) 38.88(0.43) 0.06 38.65(0.35) 38.80(0.42) 0.79

Sex 0.5 0.42

    Female 1792(56.25) 510(57.53) 902(55.44) 504(57.54)

    Male 1266(43.75) 301(42.47) 654(44.56) 299(42.46)

Race and ethnicity < 0.0001 0.89

    Hispanic or other 1022(21.17) 256(16.22) 441(16.54) 255(16.36)

    Non-Hispanic Black 706(12.79) 148( 9.33) 305(9.89) 146(9.29)

    Non-Hispanic White 1330(66.04) 407(74.44) 810(73.56) 402(74.35)

Marriage status 0.21 0.96

    divorced or separated 328(10.60) 114(13.66) 190(11.90) 110(13.38)

    married 1644(54.91) 407(52.51) 827(53.94) 405(52.67)

    never married / living with 
partner 902(28.68) 241(27.59) 450(28.45) 239(27.66)

    widowed 60(1.36) 22(1.89) 36(1.63) 22(1.91)

    not recorded 124(4.44) 27(4.34) 53(4.08) 27(4.38)

Educational level 0.23 0.92

    college or above 1578(60.45) 421(58.18) 796(59.18) 418(58.22)

    high school or equivalent 1191(35.38) 319(38.45) 625(37.17) 315(38.39)

    less than high school 289(4.18) 71(3.36) 135(3.65) 70(3.39)

PIR 0.03 0.83

    <1.3 748(18.61) 228(23.41) 418(20.66) 221(22.73)

    1.3-3.49 1287(39.18) 329(37.37) 632(39.45) 328(37.69)

    ≥3.5 1023(42.20) 254(39.23) 506(39.89) 254(39.58)

BMI 0.1 0.73

    <25 1020(37.47) 289(39.49) 529(38.29) 285(39.18)

    25-30 1076(33.47) 245(28.14) 506(30.97) 245(28.40)

    ≥30 962(29.07) 277(32.36) 521(30.74) 273(32.42)

Physical activity 0.74 0.81

    <450 1293(43.60) 351(45.23) 710(46.84) 348(45.24)

Table 1. Baseline characteristics of tinnitus in subjects with normal hearingA
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    450-749.9 1123(33.22) 287(32.87) 527(31.04) 282(32.67)

    ≥750 642(23.18) 173(21.90) 319(22.13) 173(22.10)

Smoke 0.01 0.9

    former 554(19.35) 183(22.11) 317(20.99) 181(22.26)

    never 1795(55.39) 391(46.47) 810(48.56) 391(46.89)

    now 709(25.26) 237(31.42) 429(30.45) 231(30.85)

Alcohol use 0.002 0.72

    former 392(10.81) 133(13.53) 234(12.56) 130(13.51)

    never 446(12.47) 83(8.87) 196(10.64) 83(8.95)

    now 2034(71.37) 568(75.32) 1075(74.02) 563(75.25)

    not record 186(5.35) 27(2.28) 51(2.78) 27(2.30)

Congestive heart failure 0.04 0.4

    no 3037(99.51) 799(98.57) 1544(99.59) 795(99.00)

    yes 21(0.49) 12(1.43) 12(0.41) 8(1.00)

Hypertension 0.22 0.87

    no 2292(76.26) 573(73.99) 1135(74.96) 569(73.99)

    yes 766(23.74) 238(26.01) 421(25.04) 234(26.01)

DM 0.03 0.73

    yes 186(4.57) 64(6.29) 117(5.57) 60(6.05)

    no 2572(92.46) 684(92.06) 1311(92.22) 680(92.29)

not record 300(2.96) 63(1.65) 128(2.21) 63(1.66)

coronary heart disease 0.57 0.75

    no 3035(99.21) 799(98.92) 1546(99.32) 791(98.91)

    yes 23(0.79) 12(1.08) 10(0.68) 12(1.09)

Hyperlipidemia 0.85 0.83

    no 1061(35.33) 269(34.90) 522(34.94) 266(34.85)

    yes 1997(64.67) 542(65.10) 1034(65.06) 537(65.15)

Stroke 0.1 0.38

    no 3031(98.99) 795(98.20) 1539(98.82) 788(98.35)

    yes 27(1.01) 16(1.80) 17(1.18) 15(1.65)

Heart attack 0.12 0.79

    no 3028(99.00) 796(98.26) 1538(98.76) 789(98.33)

    yes 30(1.00) 15(1.74) 18(1.24) 14(1.67)

Cancer 0.03 0.53

    no 2947(95.62) 758(92.86) 1482(94.59) 752(93.05)

    yes 111(4.38) 53(7.14) 74(5.41) 51(6.95)

Abbreviations: NA, not applicable; SMD, standardized mean difference; PIR, poverty income ratio; BMI, body mass index; DM, diabetes mellitus.
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Figure 2. Adjusted Hazard Ratios of all-cause and cause-specific mortality comparing tinnitus with no tinnitus, National Health and Nutrition 
Examination Survey, 1999-2004, 2011-2012, 2015-2016.

The association between tinnitus and cancer mortality was 
stronger among people with no balance (unmatched cohort: 
HR, 5.70; 95%CI, 2.23-14.55; matched cohort: HR, 5.01; 95% CI, 
1.93-13.48) and female (unmatched cohort: HR, 2.31; 95%CI, 
1.15-4.61; matched cohort: HR, 2.64; 95% CI, 1.35-5.17) (Figure 
3).

Discussion

This study investigated the relationship between tinnitus and 
its associated risk factors, as well as the impact of tinnitus on 

mortality from various diseases. The findings offer valuable 
insights for the clinical screening and management of tinnitus 
patients with normal hearing.
In this national representative US adult cohort study, we 
observed that subjects with tinnitus had a higher rate of dying 
from all causes and cancer, and accidental death, but tinnitus 
did not affect the rate of death from cardiac disease. In the 
course of subgroup analysis, we found that the relevance 
between tinnitus and all-cause mortality was greater in 
participants with a BMI ≥30 and 25-30. The correlation 
between tinnitus and cancer mortality was stronger in female 
and people with no balance.

A
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Figure 3. Stratified Hazard Ratios and 95% CIs for all-cause and cause-specific mortality according to tinnitus.

Tinnitus, one of the three major otologic challenges, has 
been closely associated with increased suicide rates in 
many countries [1, 29]. Therefore, the screening and therapy 
of patients with tinnitus is particularly important. The main 
symptoms of drug ototoxicity are tinnitus, hearing loss and 
balance disorders [31]. The relationship between hearing 
loss, balance disorders and all-cause and cause-specific 
mortality has been systematically addressed in studies [32,33]. 
Research on the relationship between tinnitus and all-cause 

and cause-specific mortality is still in a blank state.
In addition, it has been shown that hearing loss is related to 
an elevated risk of all-cause and cause-specific mortality [32], 
and a study by Martz E et al. found that those with tinnitus had 
lower cause-specific mortality than those without tinnitus, but 
it did not control for the confounding factor of hearing loss [34]. 
To eliminate the effect of hearing loss on tinnitus, this study 
compared tinnitus with all-cause and cause-specific mortality 
only in the normal hearing population.
Tinnitus patients have deteriorated neuropsychological ability 

A
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and lower sense of social identity, which affects socialization, 
decision-making and work ability, which in turn leads to a 
higher risk of death [35-37]. In terms of neuropsychological 
regulation, clinical studies have shown that tinnitus patients 
exhibit signs of impaired the hypothalamic–pituitary–adrenal 
axis (HPA axis) and higher levels of mental stress compared 
to non-tinnitus patients [38-40]. The deterioration of the ability 
to relax and activate the parasympathetic nervous system in 
individuals with tinnitus can have some negative physical and 
psychological effects [41], such as dysregulation of the body's 
stress system, depression, and sleep disturbances, all of which 
are related with an elevated risk of death [42].
From the perspective of social identity, some studies have 
found that due to the persistence of tinnitus, patients' sleep 
quality also can be impacted, which affects their social 
activities and productivity [43]. In addition, for people in some 
professions such as musicians, the impact of tinnitus on their 
careers is tremendous. Tinnitus may make them incompetent 
for work and their sense of social identity declines so rapidly 
that they are more likely to end up in demoralization or even 
suicide [44].
Therefore, while treating tinnitus, we need to pay attention 
to patients' mental health issues and provide them with the 
necessary psychological guidance and support. We should 
provide comprehensive treatment to help patients return to 
a healthy state and improve their quality of life and social 
identity.
Patients with tinnitus have a higher risk of death from cancer 
than those without tinnitus. On the one hand, cancer patients 
become anxious or even depressed because of cancer, and 
anxiety and depression can in turn trigger or aggravate tinnitus 
[45]. Therefore, patients with tinnitus indicate higher levels of 
anxiety and depression, and both anxiety and depression and 
tinnitus itself put cancer patients at higher risk of death [46].
On the other hand, ototoxicity can also cause tinnitus. 
Ototoxicity caused by cancer chemotherapy drugs such as 
cisplatin and vincristine can have a detrimental effect on 
quality of life [47]. Patients develop a fear of social life and of 
worsening tinnitus. Patients with mild and moderate-severe 
tinnitus fear that chemotherapy with drugs such as cisplatin 
will further aggravate the symptoms of tinnitus and thus 
become skeptical or even refuse drug treatment for cancer [48]
In this study, the correlation between tinnitus and all-cause 
mortality was stronger in participants with a BMI ≥30 and 25-
30. Although the underlying mechanisms between tinnitus and 
mortality are not known, several causes can be considered. 
First, tinnitus may interact with psychosocial factors in patients 
and is associated with poor health outcomes, including 
cognitive deficits, decrease in social activities, mental health 
impairment [49, 50], and reducing ability to perform activities 
of daily living. Obese populations may be more inclined to 
reduce necessary activities, which further exacerbates the 
harm caused by obesity to the organism. Second, the study 
by Wade, K. H. indicated a causal relationship between 
higher BMI and all-cause and cause-specific mortality [51]. In 
addition, it has also been shown that weight loss after diet and 
physical activity interventions relieved tinnitus symptoms and 
improved quality of life in tinnitus sufferers [52, 53]. Combined 
with this study, we can speculate that perhaps maintaining 
an appropriate BMI has a positive effect on reducing both 
tinnitus morbidity and mortality, which provides new ideas for 

managing diet and physical activity in tinnitus patients.
The correlation between tinnitus and cancer mortality is 
stronger in women. During chemotherapy in cancer patients, 
estrogen levels are higher in women compared to men and 
fluctuate significantly with environmental factors and the 
menstrual cycle. Fluctuations in estrogen levels may lead 
to vasodilatory dysfunction [54], which may affect the blood 
supply to the inner ear and aggravate tinnitus. In addition, 
estrogen level change may mediate chemotherapeutic drug 
resistance [55]and promote cancer disease progression [56]
leading to increased cancer mortality.
Cancer patients without balance have increased risk of falls 
compared to the rest of the population. On the one hand, 
people who suffer from balance disorders and tinnitus have 
a greater fear of falling and reduce their daily activities 
[57,58], thereby increasing the risk of cancer [59], all of which 
increase the risk of death [60]. On the other hand, in patients 
with neurological cancers, balance disorders may be a 
sequela of the cancer itself or secondary to treatment [61]. As 
neurological cancer patients deteriorate, the metabolism of 
fluid in the inner ear [62], which leads to labyrinthine disorders, 
results in severe balance disorders, tinnitus, etc. Tinnitus is 
also a marker of further deterioration of neurological cancer in 
patients with balance disorders [63]. The correlation between 
tinnitus and cancer mortality is stronger in those without 
balance.

Strengths and limitations
A major strength of this study is the exploration of the 
relationship between tinnitus and all-cause and cause-specific 
mortality only in a normal hearing population, which eliminated 
the effect of hearing loss on tinnitus. Second, this study uses a 
large, representative sample of NHANES, a research program 
that is prospective and based on enrollment to obtain high-
quality information. Third, the application of propensity score 
matching (PSM) analysis to adjust for important demographic 
variables is also an advantage of this study. Considering 
the significant disparities in the number of tinnitus and 
non-tinnitus couples, PSM reduces the effects of bias and 
confounding variables in the study to allow reasonable 
comparisons between the matched cohort of individuals with 
tinnitus and the cohort without tinnitus. Last but not least, 
subgroup analyses of gender, marital status, and education 
level were conducted to address the issue of heterogeneity in 
this study.
There are still some limitations in our study. First, because the 
study was observational, the causal relationship between the 
presence of tinnitus and the severity of tinnitus and all-cause 
and cause-specific mortality could not be determined. Second, 
although we adjusted for confounders as much as possible, 
there may still be some confounders that we did not take into 
account. Third, our study population was US adults between 
the ages of 20 and 69, and the findings may not be applicable 
to children and older adults >69 years of age.
Future studies should evaluate the mechanisms that link 
tinnitus with total and cause-specific mortality in order to 
individualize the treatment of tinnitus patients with normal 
hearing, thereby improving the quality of life and reducing 
mortality in tinnitus patients.
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Conclusion

Among U.S. adults with normal hearing, tinnitus was 
independently associated with increased risks of all-cause 
and cancer-specific mortality. By employing propensity score 
matching to ensure covariate balance, this study enhances 
the validity of the observed associations and reduces the 
influence of potential confounders. These findings underscore 
the importance of recognizing tinnitus as not merely a benign 
symptom, but a potential marker of broader health risks, 
even in individuals without hearing impairment. Clinicians 
and public health professionals should consider systematic 
evaluation and follow-up in this population, particularly 
focusing on mental health, cancer screening, and accident 
prevention. Future research is needed to elucidate the 
underlying mechanisms of the association between tinnitus 
and mortality in participants with normal hearing and to 
explore the relationship between tinnitus severity and mortality 
in people with normal hearing.
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