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Objectives. This study aimed to investigate the relationship between tinnitus and joint pain from representative samples of

Koreans.

Methods. The demographics and the responses to a questionnaire about tinnitus and joint pain severity and mental health
status of adults aged =50 years in the 2010-2012 Korean National Health and Nutrition Examination Survey were

analyzed.

Results. Among 9,032 individuals, 26.7% reported experiencing tinnitus within the past year. Participants with tinnitus
were more frequently older, hearing loss, and had lower education levels, income, and body weight. Participants with
regular exercise and sleep had a lower tinnitus prevalence. The incidences of stress, depressed mood, and suicidal ide-
ation were significantly higher in the tinnitus group and participants with joint pain. The rates of participants with
tinnitus according to the number of joint pain sites (zero, one, two, and three) was 22.1%, 31.4%, 33.3%, and
44.2%, and those of participants with severely annoying tinnitus according to the number of joint pain sites (zero,
one, two, and three) were 3.3%, 6.8%, 7.9%, and 10.7 %, respectively.

Conclusion. Tinnitus prevalence and severity were significantly related to joint pain, and both conditions were related to
psychiatric distress. Thus, the authors suggest that psychiatric distress as a common risk factor for tinnitus and joint
pain should be considered when deciding treatment strategies and in guiding public health policy.
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INTRODUCTION

Tinnitus is the perception of sound or noise that results from ac-
tivity within the nervous system without any real acoustic stim-
ulation within the cochlea [1,2]. One-third of the general popu-
lation is known to experience tinnitus at least once in their life-
time, with approximately 1%-5% of these patients experienc-
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ing serious psychiatric symptoms [3]. Previous studies reported
that tinnitus is associated with psychiatric disorders, including
anxiety and depression [4,5], and with a high incidence of de-
pression [6,7]. A systematic review suggested at least three pos-
sible associations between depression and tinnitus: depression
affects tinnitus, tinnitus predisposes patients to depression, or
tinnitus is a comorbidity in patients with depression [8]. Fur-
thermore, the severity of tinnitus has been positively correlated
with the severity of depression [9-11].

Joint pain is a common symptom of arthritis. Osteoarthritis
(OA) is the most common type of arthritis, mainly reported in
the elderly and women, and is classified on the basis of symp-
toms such as knee joint pain, knee stiffness, hip joint pain, and
backache [12]. Recent studies have reported that OA is associat-
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ed with anxiety and depression, as is the case with tinnitus [13].
OA can cause chronic pain and disability, which can lead to
poor quality of life and psychiatric disorders.

As mentioned above, anxiety and depression are commonly
reported in patients with both tinnitus and OA. A study by Mc-
Cormack et al. [14] found that patients with tinnitus were at an
increased risk of depression (odds ratio [OR], 1.27) and anxiety
(OR, 1.11) symptoms than were those without tinnitus. About
75% of new patients with tinnitus attribute emotional pressure
as the triggering factor rather than ear problems. Subsequently,
the triggering factors (i.e., emotional stress, noise, and somatic
problems) act synergistically to produce symptomatic tinnitus
[15]. In patients with OA, the rate of clinically significant anxi-
ety and/or depression is reported to be 40.7% [16]. Pain corre-
lated with the Hospital Anxiety and Depression Scale, and dis-
ability was greater in patients with depression and/or anxiety
[16]. Several hypotheses regarding the relationship between tin-
nitus and chronic pain have been proposed [17]. Although both
tinnitus and chronic pain have many different forms, their
pathophysiology and clinical aspects have many similarities [18].
For example, increased auditory sensitivity is one complaint in
patients with tinnitus. Auditory sensitivity, also called hyperacu-
sis, is enhanced in individuals with tinnitus than in those with-
out tinnitus, as well as in those with normal audiograms [19]. An
association between hyperacusis and chronic pain has been pro-
posed, which has been explained by central sensitization. This
mechanism can occur after tissue or nerve damage, serving to
maintain and enhance nociceptive neurotransmission. This sensi-
tization spreads from the peripheral to the central nervous sys-
tem, compromising the auditory modulation systems. This leads
to the idea that the brainstem and thalamic areas, where multi-
ple sensory pathways converge, are sensitive to chronic pain and
are essential for the development of hyperacusis [20]. Various
joint pains could be associated with the increase in sensitivity
seen in tinnitus. In addition, a previous report documented that
central sensitization is related to psychologic disorders such as
anxiety and depression [21].

The incidence of tinnitus is high in patients aged over 65
years, with a reported rate of 18.6% in a nationwide Japanese
study [22]. OA affects 33.6% of adults aged over 65 years in the
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= The prevalence of tinnitus significantly increased with increas-
ing numbers of joint pain sites.

= The proportion of participants with severely annoying tinnitus
and annoying tinnitus significantly increased with increasing
numbers of joint pain sites.

= The prevalence and severity of tinnitus were significantly re-
lated to joint pain, and both conditions are thought to share
psychiatric distress as a common risk factor.
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U.S. [23]. Thus, both tinnitus and OA are common forms of dis-
comfort in the elderly, and both conditions are predicted to oc-
cur with increasing age. Accordingly, we hypothesized that tinni-
tus is associated with joint pain because of common risk factor.
Thus, the aim of this study was to investigate the relationship
between tinnitus and joint pain from representative samples of
Koreans with and without tinnitus based on data from the
2010-2012 Korea National Health and Nutrition Examination
Survey (KNHANES), a national population-based cross-section-
al survey. In this study, we first analyzed individual risk factors
associated with tinnitus and then reported our findings regard-
ing the relationship between tinnitus and various forms of joint
pain through the psychiatric processes of stress, depressed
mood, and suicidal ideation.

MATERIALS AND METHODS

Participants

Data were obtained from the 2010-2012 KNHANES, which is
a national population-based cross-sectional survey conducted in
the Republic of Korea focused on national health and nutrition
state. To exclude somatic tinnitus, individuals with headache,
temporomandibular joint (TMJ) pain, tooth pain, cervical pain,
and neck pain were excluded. Accordingly, 9,032 participants
aged 50 years or older were included in this study. Written in-
formed consent was obtained from all participants, and the In-
stitutional Review Board of Korea University Anam Hospital
approved this study (IRB No. ED16185).

Covariates

In the survey, hearing loss was defined as the averages of fre-
quencies at 0.5, 1, 2, and 4 kHz at a pure-tone hearing threshold
of a <25 decibel hearing level in the ear with worse hearing.
Smoking history was classified into three groups: current smok-
er, ex-smoker, and non-smoker. Alcohol drinking status was also
divided into three groups: non-drinkers, mild to moderate drink-
ers (<15 g/day), and heavy drinkers (=15 g/day) based on the
quantity of alcohol consumed per day over the past year. Regu-
lar exercise was defined as intense physical activity performed
for at least 20 minutes at a time at least three times a week. Body
mass index (BMI) was calculated as weight/height? (kg/m?).

Main variables

In the KNHANES, the experience of tinnitus was defined as
hearing a sound (buzzing, hissing, ringing, humming, roaring, or
machinery noise) originating from the ear within the past year.
Severity was classified as none, not annoying, annoying, and se-
verely annoying. We defined participants as having joint pain by
asking whether they had experienced knee pain, knee stiffness,
hip joint pain, and backache for more than 30 days during the
preceding 3 months.
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The mental health status survey included questions regarding
stress, depressed mood, and suicidal ideation and attempts.
Stress was grouped into four categories (none, mild, moderate,
and severe). Depressed mood was defined as having experi-
enced a continuous depressed mood that disrupted daily life for
2 or more weeks during the past year. Suicidal ideation was as-
sessed on the basis of a positive answer to the question about
suicidal ideation and suicide attempt over the past year.

Statistical analysis

Statistical analysis was performed using the survey procedure of
the SAS ver. 9.3 (SAS Institute Inc., Cary, NC, USA) to account
for the complex sampling design and sampling weights of the
KNHANES and prescribe nationally representative prevalence
estimates. In Table 1, patient characteristics were evaluated using
the means and standard errors for continuous variables and per
centage and standard errors for categorical variables. The #-test
and Rao-Scott chi-square test were used to test the difference

Table 1. Analysis of factors associated with tinnitus, including the
number of pain sites

Tinnitus
Variable P-value
Yes No

Number 2,413 6,619

Age (yr) 64.2+0.3 61.5%0.2 <0.001
Male sex (%) 444411 471406 0.05
Hearing loss (>25 dB, %) 385113 16.6+0.6 <0.001
Smoking (current smoker, %) 16.8+£1.1 18.1+£0.6 0.28

Drinking (heavy drinker, %) 6.8+£0.7 8.4+05 0.08
Regular exercise (%) 16.2£1.0 18.6+£0.7 0.04
Education (=high school, %) 296+14 37.3+1.0 <0.001
Income (lower quartile, %) 36.2t14 259+0.9 <0.001
Sleep time (hr) 0.001

<6 23.0+1.1 20.1+£0.6

6 24.0+1.0 25.51+0.6

7 255+1.0 253+0.7

8 18.6+1.0 22.1+0.7

>8 8.9+0.8 7.0+£04
No. of pain sites <0.001

0 551+1.2 68.6+0.8

1 251+£1.0 19.3+0.6

2 12.4+£0.8 8.8104

3 74106 3.31£0.3
Moderate to severe stress (%)  27.1+1.0 20.4+0.6 <0.001
Depressed mood (%) 204£1.0 14.2+0.5 <0.001
Suicidal ideation (%) 22.7+1.1 15.31£0.6 <0.001
Body mass index (kg/m?) 23.940.1 24.1£0.1 0.01
Waist circumference (cm) 83.4+0.3 83.6+0.2 0.33
Vitamin D blood level (ng/mL) 18.7+0.2 18.940.2 0.30

Values are presented as mean +standard error or percentage of patients
standard error. Age, hearing loss, regular exercise, educational level, in-
come, sleep time, number of pain sites, moderate to severe stress, de-
pressed mood, suicidal ideation, and body mass index were significantly
associated with tinnitus.

according to the presence of tinnitus. In Table 2, psychiatric rela-
tionship between tinnitus and pain sites was evaluated using the
percentage and standard errors with the Rao-Scott chi-square
test. In Table 3, logistic regression methods were used to analyze
the association between tinnitus and joint pain or mental health
status. The ORs and 95% confidence intervals (CIs) for tinnitus
and joint pain were analyzed. We first described the nonadjusted
data (model 1), then the data adjusted for age and sex (model 2),
and finally the data adjusted for age, sex, presence of hearing

Table 2. Psychiatric relationship between tinnitus and pain sites

Stress:moderate Depressed mood Suicidal ideation

Vel to severe (%) (%) (%)
Tinnitus

Yes 27.1£1.0 20.4£1.0 22711

No 204106 142+£05 156.3£0.6

P-value <0.001 <0.001 <0.001
Knee joint pain

Yes 325+1.3 241£1.1 312+14

No 19.5+£05 13.7£05 13.7£05

P-value <0.001 <0.001 <0.001
Knee stiffness

Yes 36.8+1.8 28.2+1.8 369120

No 20.3+0.5 142105 14.8+0.5

P-value <0.001 <0.001 <0.001
Hip joint pain

Yes 35.3+£19 29.4+1.7 346+19

No 20.8+05 14.3+£05 15.4£05

P-value <0.001 <0.001 <0.001
Backache

Yes 322+1.2 23.6+1.2 31.1+1.2

No 19.1£05 13.4£05 13.0£0.6

P-value <0.001 <0.001 <0.001

Values are represented as percentage x standard error. Tinnitus and these
pain sites were significantly related to the percentage of participants with
moderate to severe stress, depressed mood, and suicidal ideation.

Table 3. The differences among participants with multiple joint pain
sites according to the presence of tinnitus after adjusting for con-
founding variables

OR (95% ClI)
Model 2

1.50 (1.30-1.74
1.74 (1.46-2.06

Parameter
Model 1

1.72 (1.49-197
2,04 (1.72-2.41

Model 3

1.39(1.19-1.61)
1.61(1.34-1.93)
)
)

Knee joint pain
Knee stiffness

===
= 2 =22

Hip joint pain ~ 1.93(1.63-2.29) 1.72(1.44-2.04) 151 (1.25-1.81
Backache 167 (146-191) 1.47(1.28-169) 1.32(1.14-153
P-value <0.001 <0.001 <0.001

The risks for tinnitus were significantly related to knee joint pain, knee stiff-
ness, hip joint pain, and backache. Model 1: non-adjusted; Model 2: ad-
justed for age and sex; Model 3: adjusted for age, sex, presence of hearing
loss, smoking history, alcohol intake, regular exercise, educational level, in-
come, sleep time, stress status, presence of depressed mood, and body
mass index.

OR, odds ratio; Cl, confidence interval.



loss, smoking history, alcohol intake, regular exercise, education-
al level, income, sleep time, stress status, presence of depressed
mood, and BMI (model 3).

RESULTS

Individual risk factors associated with tinnitus

The characteristics of participants according to the presence of
tinnitus are shown in Table 1. Among 9,032 selected individuals,
2,413 reported having experienced tinnitus within the preceding
12 months (26.7 %, tinnitus group). The mean age of the tinnitus
group was significantly higher than that of the non-tinnitus group
(64.2£0.3 vs. 61.51+0.2 years; P<0.001). The prevalence of
hearing loss was significantly higher in the tinnitus group than
the non-tinnitus group (38.5% £1.3% vs. 16.6% £0.6%; P<
0.001). No significant differences were observed between the
two groups in sex or smoking and drinking history (Table 1).

The proportion of participants with an education level =high
school was significantly lower in the tinnitus group than in the
non-tinnitus group (29.6% £1.4% vs. 37.3% £1%; P<0.001),
whereas the proportion of participants within the lower quartile
of household income was significantly higher in the tinnitus group
than in the non-tinnitus group (36.2% £1.4% vs. 25.9% £0.9%;
P<0.001). The proportion of participants with regular exercise
was also significantly lower in the tinnitus group than in the non-
tinnitus group (16.2% £1% vs. 18.6% +0.7%; P=0.037). Sleep
time was significantly associated with tinnitus (P=0.001) and
displayed a U-shaped relationship.

The percentage of participants with moderate to severe stress
was significantly higher in the tinnitus group than in the non-
tinnitus group (27.1% 1% vs. 20.4% £0.6%; P<0.001), as
was the proportion of participants with depressed mood
(20.4% £1% vs. 14.2% +0.5%; P<0.001) and suicidal ideation
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(22.7% £1.1% vs. 15.3% £0.6%; P<0.001). The mean BMI
was significantly lower in the tinnitus group than in the non-tin-
nitus group (23.940.1 vs. 24.1+0.1 kg/m? P=0.01). No signifi-
cant intergroup differences were observed in waist circumfer-
ence and plasma vitamin D levels.

Relation between tinnitus and joint pain

As shown in Table 1, the proportion of participants with joint
pain was higher in the tinnitus group than in the non-tinnitus
group (P<0.001). As seen in Table 2, the presence of tinnitus
and pain at the four sites investigated were significantly related
to moderate to severe stress, depressed mood, and suicidal ide-
ation (all P<0.001). Table 3 presents the differences among par-
ticipants with multiple joint pain sites according to the presence
of tinnitus after adjusting for confounding variables. In model 1,
the risk for tinnitus was significantly related to knee joint pain
(OR, 1.72; 95% CI, 1.49-1.97), knee stiffness (OR, 2.04; 95%
CI, 1.72-2.41), hip joint pain (OR, 1.93; 95% CI, 1.63-2.29),
and backache (OR, 1.67; 95% CI, 1.46-1.91). In model 2, the
risk for tinnitus was significantly related to knee joint pain (OR,
1.50; 95% CI, 1.30-1.74), knee stiffness (OR, 1.74; 95% CI,
1.46-2.06), hip joint pain (OR, 1.72; 95% CI, 1.44-2.04), and
backache (OR, 1.47; 95% CI, 1.28-1.69). In model 3, the risk
for tinnitus was also significantly related to knee joint pain (OR,
1.39; 95% CI, 1.19-1.61), knee stiffness (OR, 1.61; 95% CI,
1.34-1.93), hip joint pain (OR, 1.51; 95% ClI, 1.25-1.81), and
backache (OR, 1.32; 95% CI, 1.14-1.53).

Prevalence of tinnitus according to the number of joint pain
sites

Fig. 1 presents the rate of tinnitus as a function of the number of
joint pain sites. The proportion of participants with tinnitus ac-
cording to the number of joint pain sites (zero, one, two, and
three) was 22.1% +0.7%, 31.4% £1.3%, 33.3% £2%, and
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Fig. 1. Prevalence of tinnitus according to the number of joint pain
sites. The prevalence of tinnitus significantly increased with increas-
ing numbers of joint pain sites (P for trend <0.001).

Fig. 2. Severity of tinnitus according to the number of joint pain sites.
The severity of tinnitus was classified as none, not annoying, annoy-
ing, and severely annoying. The proportion of participants with se-
verely annoying tinnitus and annoying tinnitus significantly increased
with increasing numbers of joint pain sites (P for trend <0.001).
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44.2% £3%, respectively. The rate of tinnitus was found to sig-
nificantly increase according to the number of joint pain sites (P
for trend <0.001).

Severity of tinnitus according to the number of joint pain sites
Fig. 2 presents the severity of tinnitus according to the number
of joint pain sites. The severity of tinnitus was classified as none,
not annoying, annoying, and severely annoying. The proportion
of participants with severely annoying tinnitus according to the
number of joint pain sites (zero, one, two, and three) was 3.3%,
6.8%, 7.9%, and 10.7%, respectively; the corresponding rates
for annoying tinnitus were 8.8%, 10.6%, 14.2%, and 20.6%,
respectively. The proportion of participants with annoying tinni-
tus and severely annoying tinnitus significantly increased with
an increasing number of joint pain sites (P for trend <0.001).

DISCUSSION

To our knowledge, a comprehensive analysis of the comorbidity
of tinnitus and joint pain is absent in the literature. However,
numerous reports in the literature have documented tinnitus
and temporomandibular disorder, headache, and facial pain
[24,25]. Thus, this could be the first study that statistically evalu-
ates the comorbidity of tinnitus and various sites of joint pain.
The first objective of this study was achieved, and tinnitus was
found to be significantly associated with the number of joint
pain sites. Tinnitus and joint pain were significantly associated
with stress, depressed mood, and suicidal ideation.

A previous cross-sectional study reported that knee joint pain
is a factor associated with tinnitus in elderly Japanese patients.
According to that study, not only knee joint pain, but hearing
difficulty, depressed mood, prescribed medication, and coronary
heart disease were factors associated with tinnitus [22]. The as-
sociation of tinnitus with psychiatric disorders such as anxiety
and depression has been well described [26-28], as has been
chronic pain, including joint pain [29]. Therefore, actively treat-
ing psychiatric disorders that may be present in patients with
tinnitus and joint pain is very important.

Various studies have reported on the relationship between
tinnitus and chronic pain. Moller [18] proposed two hypotheses
to explain the similarities observed between tinnitus and chron-
ic pain: the pathogenesis of the peripheral nervous system can
explain the symptoms or the symptoms can be caused by
changes in central nervous system function. Furthermore, the
author proposed that tinnitus and chronic pain are caused by
modulation of the nervous system that occurs as a result of neu-
ral plasticity. Neural plasticity is thought to underlie the genera-
tion of tinnitus. Bartels et al. [30] described that an altered affer-
ent signal to the peripheral auditory system results in the gener
ation of tinnitus in the central auditory system, and that neural
plasticity can be divided into initiation of the generation of new

connections through axonal sprouting (early modifications) and
lateral spread of neural activity and development of excitatory
regions of the central nervous system (late modifications).
Chronic pain has also been attributed to neural plasticity in the
primary afferent nociceptive nerve pathway [31] and brain re-
gions such as the hippocampus [32].

Central sensitization is one mechanism that can explain the
relationship between tinnitus and joint pain. Central sensitiza-
tion enhances the function of neurons and circuits in the noci-
ceptive pathway owing to increased membrane excitability and
synaptic potency, and suppresses inhibition. This is an expression
of neural plasticity of the sensory nervous system in response to
activity, inflammation, and nerve damage [33]. Additionally, sev-
eral authors reported that central sensitization is related to psy-
chiatric disorders, such as anxiety and depression [21]. Owing
to central sensitization, neurons in the auditory modulation sys-
tem may undergo changes similar to central neuropathic pain,
and these changes may produce hyperactivity, resulting in tinni-
tus [34].

We considered that the presence of somatic tinnitus could af-
fect the results of this study. In some cases, tinnitus can be gen-
erated or modulated by inputs from somatosensory systems,
and this is evidence of the interactions between auditory and
somatosensory signals generated early in the auditory pathways
[35]. Somatic tinnitus mainly manifests as a somatic stimulation
associated with the neck, jaw, extraocular muscles, and the TMJ.
Modulation of the firing rate and synchrony in the dorsal co-
chlear nucleus due to somatic stimulations have been reported
as the cause of somatic tinnitus [35]. Thus, individuals with
headache, TMJ pain, tooth pain, cervical pain, and neck pain
were excluded from this study to rule out somatic tinnitus.

The present study showed that among Koreans aged 50 years
or older, approximately one in four had tinnitus. This rate was
similar to that previously reported in a few community-based
studies in aged populations [22]. In our analysis, tinnitus occurred
in the elderly. However, some authors proposed that the rate of
tinnitus increased with age until 60-69 years, after which it de-
clined [36]. One likely explanation for this inverse relationship
is that tinnitus may be related to other factors that confer a se-
lective mortality disadvantage among patients. The possibility
also exists, however, that late improvement of symptoms may
be considered part of the natural history of tinnitus [36]. Hearing
loss is known to be the most significant risk factor of tinnitus [1].
As expected, the tinnitus group had a significantly higher preva-
lence of hearing loss than the non-tinnitus group in this study.
However, the authors found a significant relationship between
tinnitus and joint pain from the multivariate logistic regression
analysis that adjusted related variables including hearing loss.

Our results demonstrate the relationship between tinnitus and
lifestyle, as both exercise and sleep were associated with a low
incidence of tinnitus. A healthy lifestyle is considered an impor-
tant factor for a healthy mental status. Therefore, a healthy life-



style has some benefit in reducing tinnitus-related stress. In con-
trast, tinnitus was found to be more commonly associated with
the inability to sleep, probably since the perceived tinnitus would
increase annoyance, anxiety, and stress reactions [37]. In this
study, participants who usually sleep for less than 6 hours or more
than 8 hours showed a higher prevalence of tinnitus. However,
because of the limitations associated with a cross-sectional study,
the association between tinnitus and sleep disturbance was un-
clear. Additionally, a low socioeconomic status (SES) was found
to be associated with a higher prevalence of tinnitus. Studies
have demonstrated that a relationship exists between SES, hear-
ing impairment, and tinnitus [38,39]. Prolonged periods of oc-
cupational noise exposure, positive attitudes towards noise, and
non-use of hearing protection are postulated as possible causes.
Tinnitus occurred more frequently in individuals who had a low-
er BMI in this study. However, our results differ from that of a
previous study in the U.S., in which participants with a higher
BMI had a higher prevalence of tinnitus [36]. Data on the asso-
ciation between the BMI and tinnitus are limited and require
further investigation.

The strength of this study is its sample size, which is represen-
tative of the general population from which it was drawn. Nev-
ertheless, several limitations of this study should be considered.
First, using a cross-sectional study makes causative relationships
difficult to establish. Second, questions about tinnitus, joint pain,
and mental health status in the KNHANES were simple and brief,
and hence, misclassification of statuses might have occurred.

In conclusion, this study showed that the prevalence and se-
verity of tinnitus was significantly related to joint pain, and that
both conditions were significantly related to stress, depressed
mood, and suicidal ideation. Thus, we suggest that tinnitus and
joint pain may be linked through common mechanisms of psy-
chiatric states, and that the psychiatric distress as a common risk
factor for tinnitus and joint pain is should be considered when
deciding treatment strategies and in guiding public health policy.
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