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SUMMARY
Objectives: The pathophysiology of tinnitus is not clearly understood, but its prevalence is relatively high. Persistent symptoms of tinnitus are 

linked to various mental health conditions, and in particular, tinnitus prevalence is high in Korean adolescents. Accordingly, this study aimed to 
reveal the associations between tinnitus and mental health in Korean adolescents using a nationally representative sample. 

Methods: Original data from the Korea National Health and Nutrition Examination Survey were analyzed by logistic regression analysis. The 
sample consisted of 1,587 adolescents aged 12–18. We examined demographic variables; tinnitus measured by health examination; and stress, 
depression, and suicidal ideation measured by health interview. 

Results: The prevalence of tinnitus was 18.0%. Tinnitus severity was directly related to level of stress (p = 0.023), depression (p < 0.001), and 
suicidal ideation (p < 0.001). In comparison with Korean adolescents without tinnitus, the odds ratio (OR) of having depression and suicidal idea-
tion was 2.27 (95% CI: 1.47–3.50) and 1.96 (95% CI: 1.35–2.84), respectively, in univariable analysis. The OR of having depression and suicidal 
ideation in multivariate analysis was 2.00 (95% CI: 1.28–3.13) and 1.73 (95% CI: 1.13–2.62), respectively. 

Conclusions: Tinnitus prevalence in Korean adolescents is relatively high, and thus, intervention may be necessary to prevent or reduce 
depression and suicidal ideation to ensure that other areas of life are not negatively affected. Further, individuals with tinnitus may be in need of 
intervention to prevent or reduce depression and suicidal ideation.
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INTRODUCTION

Tinnitus refers to the perception of a sound in the absence of 
any external stimuli. Subjective tinnitus is the most frequent type 
of tinnitus, and patients often describe it as a ringing or buzzing 
sound in one or both ears (1, 2). The pathophysiology of tinnitus 
remains poorly understood, but its prevalence is known to be rela-
tively high across all ages (1). The reported prevalence of tinnitus 
in adults varies from 15% to 35%, and it increases with age (3). 
Further, although it is challenging to measure the prevalence of 
tinnitus in children, it is reported to be approximately equivalent 
with the prevalence in adults. Approximately 37% of children 
report tinnitus sensations, and 17% report tinnitus annoyance (4, 
5). In particular, as adolescents expose themselves to loud music 
and excessive noise during social and music events (6–9), the risk 
of tinnitus is likely to be higher as compared to other age groups. 
However, tinnitus remains underappreciated in this population 
because of underreporting (1, 10).

The National Health and Nutrition Examination Survey 
(NHANES) revealed that the prevalence of tinnitus in adoles-
cents in the US is 5.7–9.5% (10). On the other hand, the Korea 

NHANES (KNHANES) reported that the prevalence of tinnitus 
in adolescents is 20% or higher, even though most have normal 
hearing. Further, the prevalence of tinnitus in adolescents was 
higher than it was among adults aged 30–40 years (3). 

If subjective perception of a sound caused by tinnitus contin-
ues, it may interfere with activities of daily living (11). Previous 
studies have reported that tinnitus may negatively influence 
concentration, sleep, completion of tasks, and social interaction 
(12, 13), and consequently, some individuals with tinnitus may 
be more likely to be depressed (5, 11, 14–18). Further, tinnitus 
symptoms have been linked to various mental health (19–24). 

Despite the relatively high prevalence of tinnitus among youth, 
until now, studies on tinnitus in adolescents have been limited to 
the perspective of a single institution or a small sample size, and 
the authenticity of these numbers has never been investigated 
by means of a population-based database. In Korea, studies on 
tinnitus have been limited to its association with hypacusis and 
noise, as well as chronic disease in adults. Studies on tinnitus 
among youth have been limited to investigating its prevalence 
and risk factors (1), and only a few studies have focused on the 
association between tinnitus and mental health in youth.  
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In Korea, nearly 1 in 5 adolescents reports having tinnitus, 
and the perceived stress in youth is higher than it is in adults. 
In addition, about 1 in 20 adolescents has attempted suicide at 
least once, as the youth population suffers from fierce academic 
competition (25). Therefore, Korean youth are more likely to 
have unfavourable mental health conditions such as stress, de-
pression, and suicidal ideation as compared to other age groups, 
leading to a relatively high prevalence of tinnitus. Thus, it is 
important to investigate the association between tinnitus and 
mental health. This study aimed to investigate the association 
between tinnitus and mental health in Korean adolescents with a 
nationally representative sample. Ultimately, the findings might 
help to reduce tinnitus-related problems and improve the mental 
health of Korean youth.

MATERIALS AND METHODS

Study Population
We used the first (2010) through third (2012) year data of 

the Korea National Health and Nutrition Examination Survey 
V (KNHANES V) conducted by the Korea Centres for Disease 
Control and Prevention (KCDC). We requested to use the data by 
filling in the data use plan and written pledge on the homepage 
of the KNHANES V, and then received KDCD approval for data 
use. The purpose of the KNHANES investigation is to produce 
statistical data on Korean people’s health status, awareness, and 
behaviours with full representativeness and reliability at the 
national, provincial, and city levels. The statistics have been 
provided to the World Health Organization and Organization for 
Economic Co-operation and Development. 

In the present study, the 3-year data of the KNHANES V 
(2010–2012) constituted an independent probability sample 
representing the whole nation, and the rolling survey sampling 
method was used so that samples with similar year-specific 
characteristics were selected. For sampling, cities and provinces 
were primarily aggregated, and then secondarily aggregated ac-
cording to gender, population ratio, and so forth. From each of 
the extracted sample enumeration districts, 20 final households 
subject to this research investigation were extracted. Of the 
final samples, people aged at least 1 year were the subjects. We 
analyzed data of 1,587 adolescents, excluding 242 who did not 
respond to the relevant surveys.

Measures
Tinnitus. The presence of tinnitus was defined as responding 

“yes” to the question: “In the past 12 months, have you been both-
ered by buzzing in your ears?” The severity of tinnitus was graded 
as “no problem”, “bothering”, and “having trouble sleeping” to the 
question: “How much of a problem is this ringing in your ears?”

Mental health. Mental health-related variables included rec-
ognition of stress, experience of depression, and experience of 
suicidal ideation. Stress was categorized by grouping participants’ 
answers of “I feel stressed very much”, “I feel stressed a lot”, and 
“I feel stressed a little” into “Yes” and “I hardly feel stressed” into 
“No”. Depressive symptoms were analyzed by asking “Have you 
felt sad or depressed for at least 2 consecutive weeks within the 

last year to the extent of disturbing your daily life?” Participants 
answered “Yes” or “No” to this question. Suicidal thoughts were 
assessed by the question “Have you ever thought of committing 
suicide in the last year?” Again, participants responded with 
“Yes” or “No”. 

Other variables. Demographic and health-related charac-
teristics used were gender, age, living place, economic status, 
overweightness, using headphones in a noisy place, tympanic 
membrane status, current smoker, current drinker, regular exer-
cise, and sleep time. Age was divided into middle school students 
(12–14) and high school students (15–18). Living area was 
categorized as urban or rural. Household economic status was 
analyzed by equivalent income (i.e., average monthly household 
income divided by the square root of the number of household 
members) for the bottom 25%, which adjusts household income 
by the number of household members. Body mass index (BMI), 
one of growth indexes of Korean children and adolescents, was 
categorized into two groups: below the 85th percentile and equal 
to or above 85th percentile. Using headphones in a noisy place 
was also categorized into two groups based on “Yes” or “No” 
responses to the question, “Have you ever put on headphones or 
earphones in a loud place such as a bus or subway and listened 
to loud music?” 

Tympanic membrane status was also categorized into two 
groups: tympanic membrane in an unfavourable condition (e.g., 
perforation, inflammation) and tympanic membrane with no 
unfavourable conditions. Smoking status was determined by the 
subjects’ reporting of whether they had never smoked, had smoked 
in the past, or were current smokers. As for drinking status, sub-
jects who indicated “Drinking more than once a month” were 
considered to be current drinkers. Regular exercise was defined 
as strenuous physical activity performed for at least 20 min at a 
time at least three times a week. Sleep time was defined as the 
average daily sleep hours indicated by subjects.

Analyses
Statistical analyses were conducted using SAS survey pro-

cedures (version 9.3; SAS Institute, Cary, N.C., USA), in a 
manner that reflected sampling weights and provided nationally 
representative estimates according to KCDC guidelines. Logis-
tic regression analyses were used to determine the association 
between tinnitus and mental health among adolescents. Odds 
ratios (ORs) and confidence intervals (CIs) were estimated after 
adjusting for age, sex, BMI, economic status, using headphones in 
a noisy place, and sleep time. A p-value of < 0.05 was considered 
statistically significant. 

RESULTS

The prevalence and severity of tinnitus among adolescents 
are shown in Table 1. The prevalence of tinnitus was shown to 
be 18.0%, and 18.1% of the youth population reporting tinnitus 
answered “bothering”, and 2.7% responded “having trouble sleep-
ing” regarding the extent to which tinnitus is a problem. 

Differences in tinnitus according to demographic character-
istics among adolescents are shown in Table 2. First, the preva-
lence of tinnitus was 43.0% for males and 57.0% for females 
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(χ2 = 11.888, p < 0.001). Prevalence was 41.5% among 12- to 
14-year-old subjects, and prevalence was higher among high 
school students (χ2 = 7.445, p = 0.019). The prevalence of tinnitus 
was 52.6% for subjects who used headphones in a noisy place, 
and 47.4% for subjects who did not (χ2 = 5.999, p < 0.001). Sleep 
time was 7.10 hours for subjects reporting tinnitus and 6.82 hours 
for those not reporting tinnitus (t = 123.16, p < 0.001). Moreover, 

19.2% of adolescents with an experience of stress reported hav-
ing tinnitus (χ2 = 14.626, p < 0.001), and 21.5% of adolescents 
with an experience of suicidal ideation reported having tinnitus 
(χ2 = 13.421, p < 0.001). On the other hand, tinnitus was more 
prevalent in subjects from urban areas, those who were current 
smokers, current drinkers, those with an economic status in the 
first quartile, and those who recognized stress. However, these 
effects were non-significant. 

Mental health according to severity of tinnitus among ado-
lescents is illustrated in Figure 1. Among adolescents with an 
experience of stress, 24.5% reported “no problem”, 26.7% 
“bothering”, and 46.0% “having trouble sleeping” regarding the 
extent to which tinnitus is a problem. In other words, the severity 
of tinnitus is directly associated with the level of perceived stress 
(p = 0.022). In addition, among adolescents with an experience of 
depression, 8.7% reported “no problem”, 16.3% “bothering”, and 
28.4% “having trouble sleeping”, representing a significant dif-
ference from those without experience of depression (p < 0.001). 
Among youth with an experience of suicidal ideation, 12.2% 

Variables % (SE)
Prevalence of tinnitus 18.0 (1.4)
Severity of tinnitus

No problem 79.1 (1.4)
Bothering 18.1 (1.4)
Having trouble sleeping 2.7 (0.5)

Table 1. Prevalence and severity of tinnitus among adolescents 
(N = 1,587)

Variables n (%)
Tinnitus

χ2 or t pNo 
% (SE) or M ± SE

Yes 
% (SE) or M ± SE

Gender
Male 848 (53.6) 56.4 (1.7) 43.0 (3.2)

11.888 < 0.001
Female 739 (46.4) 43.6 (1.7) 57.0 (3.2)

Age (years)
12–14 883 (48.1) 49.9 (1.6) 41.5 (3.2)

7.445 0.019
15–18 704 (51.9) 50.1 (1.6) 58.5 (3.2)

Living place
Rural 233 (17.9) 16.9 (2.5) 21.5 (4.0)

2.050 0.152
Urban 1,354 (82.1) 83.1 (2.5) 78.5 (4.0)

Economic status
1Q 1,356 (83.8) 84.0 (1.5) 82.6 (3.0)

0.258 0.611
≥ 2Q 204 (16.2) 16.0 (1.5) 17.4 (3.0)

BMI (kg/m2)
< 85 percentile 1,303 (81.9) 81.8 (1.3) 81.9 (2.6)

0.001 0.977
≥ 85 percentile 284 (18.1) 18.2 (1.3) 18.1 (2.6)

Using headphones 
in a noisy place

None 604 (40.4) 38.6 (2.0) 47.4 (3.4)
5.999 0.014

Have 979 (59.6) 61.4 (2.0) 52.6 (3.4)

Tympanic  
membrane

Normal 1,570 (99.2) 99.1 (0.3) 99.5 (0.3)
0.666 0.331

Abnormal 15 (0.8) 0.9 (0.3) 0.5 (0.3)

Current smoker
No 1,307 (78.1) 78.9 (1.6) 75.0 (2.8)

1.377 0.240
Yes 280 (21.9) 21.1 (1.6) 25.0 (2.8)

Current drinker
No 1,154 (66.7) 68.2 (1.8) 61.1 (3.6)

3.616 0.057
Yes 432 (33.3) 31.8 (1.8) 38.9 (3.6)

Regular exercise
No 1,088 (68.6) 68.0 (1.5) 71.0 (3.3)

0.642 0.422
Yes 496 (31.4) 32.0 (1.5) 29.0 (3.3)

Sleep time (hours) 7.10 ± 0.05 6.82 ± 0.08 7.09 < 0.001

Recognition of 
stress

No 1,189 (74.6) 75.5 (1.6) 70.8 (2.8)
2.315 0.128

Yes 398 (25.4) 24.5 (1.6) 29.2 (2.8)

Experience of 
depression

No 1,436 (89.3) 91.3 (1.0) 82.1 (2.8)
14.626 < 0.001

Yes 151 (10.7) 8.7 (1.0) 17.9 (2.8)

Experience of 
suicidal ideation

No 1,363 (85.8) 87.8 (1.1) 78.5 (2.6)
13.421 < 0.001

Yes 224 (14.2) 12.2 (1.1) 21.5 (2.6)

Table 2. Tinnitus according to demographic characteristics (N = 1,587)
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reported “no problem”, 20.6% “bothering”, and 27.7% “having 
trouble sleeping”, representing significant differences from those 
without experience of suicide ideation (p < 0.001). In the youth 
population, tinnitus severity was shown to be directly associated 
with negative mental health outcomes. 

The association between tinnitus and mental health among 
adolescents is shown in Table 3. In univariable analysis, the 
comparison of subjects reporting having tinnitus and those with-
out tinnitus showed that the OR of having depression was 2.27 
(95% CI: 1.47–3.50), and the OR of having suicidal ideation was 
1.96 (95% CI: 1.35–2.84) for subjects with tinnitus. Further, in 
multivariable analysis (adjusted for age, sex, BMI, economic 
status, using headphones in a noisy place, and sleep time), the 
comparison of subjects reporting having tinnitus and those without 
tinnitus showed that the OR of having depression was 2.00 (95% 
CI: 1.28–3.13), and the OR of having suicidal ideation was 1.73 
(95% CI: 1.13–2.62) for subjects with tinnitus.

DISCUSSION

Among Korean adolescents, those who perceived the severity 
of tinnitus to be a problem and those who were bothered with tin-
nitus were more likely to have depression and suicidal ideation. 
Although the main focus of this study was the association between 
tinnitus and mental health among Korean adolescents, preliminary 
analyses examined the prevalence and factors affecting tinnitus. 

The prevalence of tinnitus in the youth population of South 
Korea has reached 18.0%, and among adolescents with tinnitus, 

tinnitus was moderate or severe in 20%. This result is consistent 
with a small-scale survey in Belgium that found the prevalence 
of temporary tinnitus to be 74.9% and that of permanent tinnitus 
to be 18.3% among high school students. However, these preva-
lence values are higher than those found in a national sample in 
the US, which reported the prevalence of tinnitus to be 5.7% in 
12- to 15-year olds and 9.5% in 16- to 19-year olds (10). Although 
the prevalence of tinnitus in the paediatric population has been 
investigated in a few epidemiological studies (10), it is hard to 
accurately analyze the severity and/or prevalence of tinnitus and 
make a comparative analysis because tinnitus is a subjective 
symptom. Accordingly, the prevalence of tinnitus in the youth 
population could be underestimated because adolescents might 
have more difficulties expressing their symptoms than adults do 
(1). Thus, the prevalence of tinnitus among youth in Korea ap-
pears to be relatively high. It is necessary to develop appropriate 
tools for assessment of tinnitus to evaluate both physical and 
psychological health status of the youth population.

This study revealed that the prevalence of tinnitus is the high-
est in adolescents with the following characteristics: aged 15–18 
years, female gender, history of using headphones in a noisy 
place, and short sleeping hours. These findings are consistent with 
the nationally representative US study (10), which claimed that 
risk factors of tinnitus in US adolescents are female gender and 
recreational noise exposure history. It should be noted that each 
study claims a different factor attributable to the higher prevalence 
of tinnitus in females. The US study (10) emphasizes that there 
is an association between female gender and low income, and 
Korean and Japan studies (3, 14, 27) claim that the heightened 
prevalence in females can be attributed to a more stressful cul-
tural situation for women in Asia, which demands obedience and 
a greater family role. Alternatively, women may be more likely 
to report any tinnitus, even if it is just annoying. Still, all these 
previous studies have agreed that the prevalence of tinnitus is 
high in females in all ages including adolescents (1,10), adults, 
and seniors (3, 14, 27–29), and it is necessary to investigate the 
role of gender by culture and age. 

Hearing loss is a known major risk factor of tinnitus (5, 14, 22, 
28–30), and causes of hearing loss might vary by age. The risk of 
permanent hearing loss in adolescents has increased dramatically 
with the rise in exposure to high noise levels, as adolescents are 
likely to use smartphones and MP3 players, and consequently, 
music-induced hearing loss may evolve into a significant social 
and public health problem (6, 7). Therefore, changes in these risky 
sound exposure behaviours are needed for preventing tinnitus-
related hearing loss in adolescents (9). Insomnia is known to 
be the second-most frequent symptom, following hearing loss, 
in patients with tinnitus (31). However, the pathophysiological 

Depression Suicidal ideation

Model 1
Tinnitus (No) 1 1
Tinnitus (Yes) 2.27 (1.47–3.50) 1.96 (1.35–2.84)

Model 2
Tinnitus (No) 1 1
Tinnitus (Yes) 2.00 (1.28–3.13) 1.73 (1.13–2.62)

Model 1: univariate; Model 2: adjusted for age, sex, BMI, economic status, using headphones in a noisy place, and sleep time.

Table 3. Association between tinnitus and mental health

Fig. 1. Mental health according to tinnitus severity.
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mechanism of the association between tinnitus and sleep disor-
ders has not been revealed, and there is only a limited amount 
of research on this issue (13). This study showed that sleeping 
hours were significantly shorter in adolescents with tinnitus. In 
Europe, the percentage of adolescents sleeping 8 hours a night or 
more during weekdays is 62% (32), whereas it is only 15.5% in 
Korea, demonstrating the lack of sleep among Korean youth (33). 
Adolescence is a period in which circadian rhythms go through a 
dramatic change, and many adolescents are likely to suffer from 
sleep deprivation as well as sleeping disorders because they start 
to sleep at later hours but the time at which they go to school is 
fixed (33, 34). It is difficult to determine the causal relationship 
between tinnitus and sleep time with the limited amount of data 
obtained from this study, but because this study has verified the 
association of tinnitus with depression and suicidal ideation, it 
is necessary to create an environment that facilitates adequate 
sleep among adolescents in order to reduce negative outcomes 
of tinnitus in youth. 

According to this study, adolescents with depression and sui-
cidal ideation are likely to report having tinnitus, and the perceived 
levels of stress, depression, and suicidal ideation are higher among 
those with more severe tinnitus. Further, we demonstrated an 
association of tinnitus with depression and suicidal ideation, but 
not stress. This result can only be compared with previous studies 
among adults and seniors, as no previous studies have targeted 
youth. Adolescents with annoying tinnitus had higher odds of 
having stress and depression than did adolescents with any other 
types of tinnitus (3, 27). Further, depression scores increase with 
the severity of tinnitus (11), and depression can be used to estimate 
tinnitus severity (18). In this study, among various mental health 
factors, only the recognition of stress did not show a statistically 
significant outcome, which might be because the definition of 
stress varies by study, and stress is the weakest symptom of mental 
problems. However, this issue still requires additional research to 
verify the association of tinnitus with stress in youth. 

A number of previous studies (5, 11, 14–18) reported the as-
sociation of tinnitus with depression, but a recent large population-
based study showed a much weaker correlation between depres-
sion and tinnitus severity (21). This might be because symptom 
overlap between tinnitus and depression works as a confounder, 
and the pathophysiology of tinnitus and depression argue against 
comorbidity by chance and against depression as a pure reaction 
to tinnitus. Instead, there may be a complex interplay between 
tinnitus and depression (17). Further, a few previous studies have 
argued that there is no clear evidence of the association of tinnitus 
and suicide (35), while others have claimed that the association 
of tinnitus and suicide indicates the role of tinnitus as a “precipi-
tant” (36). Despite such contradictory arguments, the significant 
association of tinnitus with depression and suicidal ideation was 
shown when the confounders of depression and suicidal ideation 
were accounted for in this study, and this finding necessitates a 
replication study on tinnitus in the youth population. 

Taken together, these findings suggest that individuals with 
tinnitus may require intervention to prevent or reduce depression 
and suicidal ideation so as to ensure that other areas of their lives 
are not negatively influenced. Potential evidence-based strategies 
among adolescents should seek to care for tinnitus, and ultimately 
depression and suicidal ideation, including psychological treat-
ment (11). 

This study has a few limitations. First, tinnitus is a self-reported 
and subjective symptom, and so it might not be appropriate to 
interpret the findings as absolute. Further, as this was a cross-
sectional study, it is not possible to verify a causative relationship 
between tinnitus and mental health. Nevertheless, this study is the 
first study to verify the association between tinnitus and mental 
health in adolescents using nationally representative data, and the 
findings represent the first evidence to support the importance of 
the assessment and management of tinnitus in the development 
of interventions aimed at preventing or reducing depression and 
suicidal ideation in adolescents.

CONCLUSIONS

We found that 18% of the community-dwelling Korean ado-
lescents aged 12–18 years had tinnitus. Depression and suicidal 
ideation were associated with tinnitus in this population. Thus, 
intervention may be necessary to prevent or reduce depression 
and suicidal ideation to ensure that other areas of life are not 
negatively affected. Further, individuals with tinnitus may be in 
need of intervention to prevent or reduce depression and suicidal 
ideation. A prospective study or randomized trials are also required 
to clarify the causality.
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