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AbstrAct
Objective The purpose of this study was to determine 
the relationship between hormone replacement therapy 
(HRT) and tinnitus in South Korea using data from the 
Korea National Health and Nutrition Examination Surveys 
(KNHANES) (2010–2012).
Study design Cross-sectional analysis of a nationwide 
health survey.
Methods KNHANES is a nationally representative 
cross-sectional survey of South Korea population. Only 
postmenopausal women aged 19–65 years were included 
in the study (n=2736). Auditory function was evaluated 
using pure-tone audiometric testing according to 
established KNHANES protocols. Subjects were questioned 
about their experience with tinnitus. Exogenous hormone-
related factors included the starting age and duration of 
HRT.
Results The overall prevalence of tinnitus was 22.2% 
among postmenopausal women. (1) Tinnitus severity 
was significantly higher in women using HRT (p=0.0024) 
and (2) significantly lower in women who breast fed their 
children (p=0.0386). (3) According to logistic regression 
models, the longer duration of HRT was significantly 
associated with increasing tinnitus (OR=1.323, 95% CI 
1.007 to 1.737, p=0.0441).
Conclusion A longer duration of HRT was associated with 
developing tinnitus in Korean postmenopausal women. 
Further experimental and epidemiological researches are 
needed to elucidate the causal relationship between HRT 
and tinnitus.

IntroductIon
Tinnitus is a debilitating condition 
described as the conscious perception of 
sound without an actual external sound.1 
The prevalence of tinnitus has been 
reported to range from 5% to 25% in 
the adult population.2 3 Risk factors for 
tinnitus include hearing loss, occupational 
and recreational noise exposure, obesity, 
smoking, alcohol consumption, head injury, 
arthritis, use of ototoxic medications (to 
treat hypertension), genetic predisposition, 
otosclerosis, Ménière’s disease, vestibular 
schwannoma, anxiety, depression and 

temporomandibular joint dysfunction.3–9 
Reproductive hormones may also affect the 
development of tinnitus.1

Postmenopausal women have a dramati-
cally altered physiology due to sex hormone 
changes, resulting in hot flashes, flushing, 
oedema and mood changes.10 Some post-
menopausal women select the use of 
hormone replacement therapy (HRT) to 
alleviate their symptoms. Previous reports 
have indicated that HRT may cause 
sensorineural hearing loss, tinnitus and 
hyperacusis.11 12 Based on these findings, we 
hypothesised that HRT might be associated 
with tinnitus in postmenopausal women in 
Korea.

As we know for certain, no previous studies 
have used nationwide data to investigate the 
association between self-reported tinnitus 
and HRT in postmenopausal females. In 
this study, we scrutinise the correlation 
between tinnitus and HRT in postmeno-
pausal females using the Korea National 
Health and Nutrition Examination Surveys 
(KNHANES).
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Strengths and limitations of this study

 ► We used a nationally representative, cross-
sectional, civilian non-institutionalised sample of 
Korean adults.

 ► We evaluated the relationships between tinnitus and 
hormone replacement therapy (HRT) by including a 
variety of economic, social, behavioural and health 
variables.

 ► We used five models that were  regarded as 
possible confounding variables in a series of logistic 
regression analyses to lessen the confounding effect 
of possible tinnitus determinants.

 ► Tinnitus status was notified only by respondents 
and were not observed directly or recorded. And we 
could not examine the HRT preparations being used 
by the participant.
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Methods
study population
This study was conducted using KNHANES information 
obtained between 2010 and 2012 (Korea Centers for 
Disease Control and Prevention (KCDCP), Cheongwon, 
Korea). KNHANES, a nationally representative survey 
planned to precisely evaluate nutrition and health, has 
been used by the KCDCP’s Division of Chronic Disease 
Surveillance since 1998. A health survey team, consisting 
of an otolaryngologist and nurse examiners, travel around 
the country in a mobile examination centre performing 
physical examinations and interviews. The KNHANES 
consists of a health examination survey, a health interview 
and a nutritional survey. The survey collects informa-
tion through domestic interviews and direct formalised 
physical investigations implemented in the especially 
well-found mobile examination centre. The KNHANES 
programme has previously been depicted in full.13 14

During 2010–2012, there were 25 534 KNHANES 
participants aged 19 years or older. Of these, 22 798 
participants were excluded from the analysis because of at 
least one of the following reasons: male (n=11 616), older 
than 65 years (n=2711), not postmenopausal (n=8447) or 
missing the ‘Presence of Tinnitus’ questionnaire (n=24). 
In Korea, only a small proportion of menopausal women 
aged 65 years or older currently take HRT. So we excluded 
the older women. A total of 2736 women were eligible for 
the study. Written informed consent was received from 
all subjects ahead of survey. Endorsement of this study 
protocol was acquired from the Institutional Review 
Board of the Catholic University of Seoul Korea (IRB no. 
HC14EISE0097; Bucheon, Korea).

Audiometric measurement and tinnitus survey and noise 
exposure
The test of pure-tone audiometry was performed using 
an automatic audiometer (SA 203, Entomed, Malmö, 
Sweden) in a double-walled, sound-isolated chamber 
located in a KNHANES mobile examination centre. 
All audiometric examinations were performed under 
the direct control of an otolaryngologist qualified to 
operate an audiometer. Only an air conduction hearing 
threshold was estimated. The supra-auricular head-
phones were used in all participants in soundproof 
chamber to provide good sound isolation form room 
noise. The trained otolaryngology-specialist offered stan-
dardised directions about the automated audiometric 
examination. The test of automated audiometry was 
fully implemented through a modified Hughson-West-
lake procedure; it used a single pure tone for 1–2 s 
duration. Threshold was defined as the lowest hearing 
level at which can be heard for at least half of a series 
of ascending trials with a minimum of two responses out 
of three at a single level. The automated audiometry test 
including air-conducted pure-tone stimuli demonstrated 
a good repeatability (test–retest reliability) and validity, 
which were equivalent to those of the manual pure-tone 
audiometry test.15 16 All subjects reacted by pressing a 

button when they perceived a tone. Pure-tone air conduc-
tion was estimated for test frequencies of 0.5, 1.0, 2.0, 3.0, 
4.0 and 6.0 kHz. Hearing impairment was defined as the 
pure-tone averages of 0.5, 1.0, 2.0 and 4.0 kHz stimuli at 
a threshold of a 40 dB hearing level in the ear with better 
hearing.17

Subjects were inquired of their experiences with 
tinnitus.18 In reply for the questionnaire item, ‘Within 
the past year, did you ever hear a sound (buzzing, hissing, 
ringing, humming, roaring, machinery noise) originating 
in your ear?’, examiners were trained to inscribe ‘yes’ if 
the subject stated perceiving an unusual or odd sound 
at any time in the past year. Participants who answered 
‘yes’ to the question were then inquired about the resul-
tant annoyances in their lives: ‘How severe is this noise 
in your daily life?’ Participants circled the response that 
best described their experiences: not annoying, annoying 
(irritating), severely annoying or causes sleep prob-
lems. Participants were deemed to suffer from annoying 
tinnitus if they rated tinnitus severity as annoying or 
severely annoying. Subjects were asked about their expe-
rience with noise exposure. Subjects were instructed to 
circle ‘yes’ 'Have you ever worked in the place for over 3 
months that you should have a loud voice for communi-
cating with the other people because of noising sound?’

Assessment of hrt and other risk factors
Endogenous hormone-related risk factors included age 
at menarche, age at menopause, total reproductive years, 
age at first birth, duration of breast feeding and number 
of pregnancies. Information of obstetric and gynaecolog-
ical issues was assembled by questioning the subjects for 
recalling the age of menopause and menarche and the 
age at last and first parturition, breast -feeding, parity and 
gravity. Exogenous hormone-related risk factors included 
duration of oral contraceptive use and starting age and 
duration of HRT.

The health interview survey consists of individual 
factors and household factors. The individual compo-
nents included information on cigarette smoking, 
alcohol drinking, physical activity mental and oral health, 
weight control, which was collected via self-administra-
tion. The household components were composed of 
medical conditions, socioeconomic status, injury and 
activity limitation, which were collected using face-to-
face interview in mobile examination centre. Cigarette 
smoking status was classified into three categories: 
current smokers, ex-smoker and non-smoker. The 
amount of pure alcohol consumed was calculated in 
grams per day during the 1 month before the interview. 
Depending on average of daily alcohol consumption, 
participants were categorised into three groups. Subjects 
who consumed an average of less than 1 g/day of alcohol 
were non-drinkers, while those who consumed 1–15 g/
day were considered mild to moderate drinker. The heavy 
drinkers consumed an average of more than 15 g/day of 
alcohol. Regular exercise means energetic aerobic activity 
done for at least 20 min at least 3 days a week. Height 
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and weight were checked by trained medical personnel. 
Standing height was measured to the nearest 0.1 cm using 
a SECA 225 stadiometer (SECA, Hamburg, Germany) 
when subject were standing barefoot. Body mass index 
(BMI) was calculated as individual’s weight (kg) divided 
by the square of their height on metre. Measurement of 
participant’s waist circumference (WC) was performed 
midpoint level between the iliac crest and the costal 
margin. The measurement should be read at the end 
of a normal expiration using a measuring tape (seca 
200, seca Deutschland) to the nearest 0.1 cm. Obesity 
was defined as a BMI ≥25 kg/m2 among the population 
over 19 years of age in accordance with the Asia-Pacific 
criteria of WHO guideline. The cut-off levels for abdom-
inal obesity were defined as a WC ≥90 cm for men and 
WC ≥85 cm for women, according to the definition by 
the Korea Society for the study of obesity. Hypertension 
was defined as systolic blood pressure ≥130 mm Hg and/
or diastolic blood pressure ≥85 mm Hg or being on an 
antihypertensive management for patients with history of 
hypertension. Diabetes mellitus was defined as a fasting 
plasma glucose level ≥126 mg/dL or being on medication 
use for elevated glucose. Those who answered that they 
had been diagnosed by a medical professional with stroke, 
myocardial infarction and angina were defined as having 
a cardiovascular disease. With the same questionnaire as 
those used in the KNHANES, mental health surveys were 
performed in all participants. The adult respondents 
checked their level of stress according to none, mild, 
moderate and severe categories. Depression was screened 
using the Korean version of the WHO Composite Interna-
tional Diagnostic Interview-Short Form (CIDI-SF), which 
was validated as a cost-effective screening instrument 
that could be easily integrated into health surveys.19 The 
WHO CIDI-SF contains queries such as ‘In your lifetime, 
have you ever had 2 weeks or more when nearly every day 
you felt sad, blue, or depressed?’ and ‘Have there ever 
been 2 weeks or longer when you lost interest in most 
things such as work or hobbies or things you usually like 
to do for fun?’ To assess depression, subjects answered 
‘yes’ or ‘no’ to a question of whether they had experi-
enced a depressed mood for 2 or more continuous weeks 
during the previous year.

statistical analyses
The SAS survey procedure (V.9.3; SAS Institute) was used 
to reflect the complex sampling design and sampling 
weights of KNHANES and estimate nationally represen-
tative prevalence. The procedures contained unequal 
probabilities of selection, oversampling and non-response 
information, which enabled inferences about adolescent 
participants.

The prevalence and 95% CIs for tinnitus were calcu-
lated. For univariate analyses, logistic regression analysis 
(PROC SURVEYLOGISTIC in SAS) and the Rao-Scott 
χ2 test (PROC SURVEYFREQ in SAS) were used to 
test the statistical significance of relationship between 
tinnitus and risk elements in a complex sampling design. 

Participant features were calculated as numbers or 
percentages for categorical variables and as means±SE 
for continuous variables and simple and multiple linear 
regression analyses were used to investigate the rela-
tionship between tinnitus and mental status. Multiple 
logistic regression analyses were performed to determine 
whether the tinnitus of participants had a relationship 
with HRT. We estimated five statistical models based on 
the characteristics of the variables. Model 1 included 
age. Socioeconomic and lifestyle-related characteristics 
including BMI, smoking status, alcohol intake and exer-
cise habits were included based on the results from the 
univariate analysis (model 2). Model 3 adjusted for the 
variables in model 2 plus comorbidity such as diabetes 
mellitus, hypertension, education, income, stress level, 
breast feeding, bilateral oophorectomy and hysterec-
tomy. Finally, model 5 adjusted for the variables in model 
3 plus hearing impairment, mental health and noise 
exposure.

results
Among the 2736 participants older than 19 years of age, 
607 had experienced tinnitus in the previous 12 months 
(prevalence: 22.2%). The age distribution in the total of 
2736 women eligible for the study was as follows. Below 
49 years was 11.14%, 50–54 years was 31.16%, 55–59 years 
was 32.29% and 60–64 years was 25.41%. The character-
istics of subjects with and without tinnitus are shown in 
table 1. Participants with tinnitus were significantly older 
than those without tinnitus (p=0.001). The prevalence 
of tinnitus was higher in hearing-impaired subjects than 
in normal-hearing subjects (p<0.0001). Of the health–
behaviour parameters examined, only heavy drinking 
(p=0.019) and general obesity (p=0.004) were signifi-
cantly associated with no tinnitus. Subjects with tinnitus 
had less education (p=0.005), depression (p=0.013) and 
a lower household income (p=0.003).

The relationship between tinnitus prevalence and 
HRT duration is illustrated in figure 1. The prevalence 
of tinnitus was 20.3% in subjects not using HRT, 22.6% in 
subjects using HRT for 1–4 years, 27.2% in subjects using 
HRT for 5–9 years and 34.0% in subjects using HRT for 
more than 10 years (p for trend <0.0001).

Table 2 presents data on the relationship between 
tinnitus and HRT according to logistic regression models. 
Age, BMI, smoking status, alcohol intake, exercise habits, 
diabetes mellitus, hypertension, education, income, stress 
level, breast feeding, bilateral oophorectomy, hysterec-
tomy, hearing impairment, depression, anxiety and noise 
exposure were included in multivariate logistic regres-
sion analyses. In the final regression model (model 5), 
the use of HRT in postmenopausal women was signifi-
cantly associated with tinnitus (OR=1.309, 95% CI 1.000 
to 1.712, p=0.0496). Regarding duration of HRT, there 
was a significant trend between a longer period of HRT 
and an increased risk of tinnitus.
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Table 1 Potential factors associated with tinnitus

Parameter

Tinnitus

Yes (n=607) No (n=2129) p Value

Age (years) 56.2±0.3 55.5±0.1 0.001*

Smoking—current smoker (%) 4.6±1.1 5.9±0.7 0.364

Drinking—heavy drinker (%) 0.3±0.2 1.3±0.3 0.019*

Diabetes mellitus (%) 9.7±1.5 11.2±0.8 0.354

Hypertension (%) 39.6±2.5 35.8±1.3 0.149

Hyperlipidaemia (%) 9.4±1.4 10.8±0.5 0.314

Routine exercise (%) 16.1±1.9 19.4±1.1 0.140

General obesity (%) 31.4±2.2 39.1±1.3 0.004*

Abdominal obesity (%) 52.1±2.5 56.0±1.3 0.149

Education—≥high school (%) 31.1±2.6 37.6±1.4 0.005*

Residential area—urban (%) 76.1±2.8 77.0±2.2 0.695

Spouse—yes (%) 85.5±1.7 83.5±1.0 0.327

Income—lower quartile (%) 19.5±1.8 15.2±1.0 0.003*

Noise exposure (%) 10.0±0.9 10.5±1.4 0.749

Depression (%) 12.4±1.9 7.8±0.8 0.013*

Anxiety (%) 19.0±1.1 25.0±2.4 0.014*

Cardiovascular disease† (%) 3.0±0.5 2.7±0.7 0.708

Metabolic syndrome‡ (%) 40.0±1.3 43.1±2.4 0.248

Osteoarthritis (%) 12.6±1.2 10.2±0.9 0.362

Rheumatoid arthritis (%) 3.4±0.2 3.2±0.2 0.845

Stress—moderate to severe (%) 28.5±2.3 24.8±1.1 0.118

Hearing impairment (%) 17.8±1.9 7.0±0.7 <0.001*

Thyroid disease (%) 4.8±0.8 4.4±0.6 0.847

Asthma (%) 4.9±1.1 3.4±0.5 0.151

Sleep duration (hour) 6.8±0.2 6.8±0.2 0.682

Data are presented as mean±SE.
*Indicates statistical significance.
†Myocardiac infarction and angina were known by questionnaire of subjects.
‡Metabolic syndrome was defined: the Asia-Pacific guideline was used for abdominal obesity ≥80 cm for women; high triglycerides ≥150 mg/
dL or medication; low high-density lipoprotein cholesterol 40 mg /dL for women or medication; high blood pressure ≥130/85/85 mm Hg or 
medication; high fasting blood glucose ≥126 mg/dL or medication or diagnosed by doctor.

Figure 1 The effect of hormone replacement therapy (HRT) 
duration on the prevalence of tinnitus.

dIscussIon
This is the first nationwide study to examine the rela-
tionship between HRT and tinnitus in postmenopausal 
women. After adjusting for confounding factors (age, 
BMI, smoking status, alcohol intake, exercise habits, 
diabetes mellitus, hypertension, stress level, oophorec-
tomy and hearing impairment), our findings indicate 
that a longer duration of HRT use was associated with 
increasing tinnitus in postmenopausal women.

In a study of guinea pigs, HRT caused inflammation 
and vacuolisation of the stria vascularis and elevated the 
auditory brainstem response threshold.20 Additionally, 
in perimenopausal female CBA mice, HRT was found to 
impair inner ear (outer hair cell) functioning.21 This may 
be due to the effect of HRT on the auditory efferent feed-
back system from the medial superior olivary complex to 
the outer hair cells.22 Previous epidemiological studies 
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have shown a negative effect of combined oestrogen and 
progestin therapy on the auditory system of postmeno-
pausal women and a sensitivity of the auditory pathway to 
HRT in premenopausal women.23 24

There is evidence to suggest that oestrogen causes 
tinnitus.11 First, oestrogen receptors (ERs) are found in 
areas of the ear involved in transmitting hearing impulses 
and in inner ear homeostasis, such as inner and outer 
hair cells, spiral ganglion cells, the stria vascularis and the 
spiral ligament.25 26 Cells of the small vessels located in the 
inner ear and cochlea have also been shown to have ERs. 
Oestrogen may alter the flow of metabolites into cells that 
process auditory information.27 Second, oestrogen alters 
neurotransmitter receptor concentrations and has a 
direct excitatory effect on neuronal tissue.28–30 Oestrogen 
has been found to downregulate the number of synaptic 
vesicles located near the presynaptic membrane of inhib-
itory synapses.31 Oestrogen also reduces the ability of 
neurons to synthesise gamma-aminobutyric acid (GABA), 
by reducing autoinhibition of the GABAergic preoptic 
area through the GABAB receptor.32 Thus, oestrogen 
affects transmission of auditory impulses from the cochlea 
to the higher auditory centres (eg, superior temporal 
gyrus of the cerebral cortex).20 Furthermore, cochlear 
abnormalities can initiate tinnitus, and the condition can 
be maintained through cascades of neural changes in the 
central auditory system.33

Progesterone may also play an important role in 
tinnitus. First, progesterone receptors have been found 
in the inner ear structures, such as the stria vascularis and 
the endolymphatic sac, in mice.21 As these structures affect 
the blood supply to the cochlea and regulate endolymph, 
it is likely that progesterone plays a vital role in auditory 
mechanisms.21 Second, progesterone may affect the audi-
tory system by acting as an agonist of GABAA receptors, 
which are prevalent throughout the auditory system.34 
Third, progesterone reduces serotonin levels, and there-
fore indirectly influences auditory processing.35 Fourth, 
progesterone may counterbalance the main excitatory 
action of oestrogen through inhibition of the central 
nervous system; for example, allopregnanolone, a metab-
olite of progesterone, inhibits chloride ion conductance 
and subsequently reduces neuronal excitability.36 37 Fifth, 
the use of a combination of oestrogen and progesterone 
may potentiate progesterone function. Continuous 
progestin therapy can cause ongoing downregulation of 
oestrogen receptors or irreversible damage to receptors 
that can prevent the binding of circulating oestrogen.19 
Additionally, in a study of mice, the expression of proges-
terone receptors was upregulated by oestrogen.38

This study showed that among the population to have 
HRT, the prevalence of tinnitus was significantly higher 
than among those not to have HRT after adjusting for 
sociodemographic factors and comorbidities including 
hearing impairment. There is an association that women 
with tinnitus have a lesser degree of hearing than those 
without tinnitus. This could demonstrate that these 
postmenopausal women without HRT, with little or no 
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remaining endogenous oestrogen production, have a 
higher rate of debilitating effect of auditory function 
after than before menopause, which is consistent with 
preceding suggestions that oestrogen might have a 
protective role in auditory function.11 12 39 Subjects with 
HRT could have poorer hearing than those without 
HRT. However, when adjusting for hearing impairment 
and noise exposure in model 5, participants with HRT 
still had a greater OR for tinnitus as compared with the 
non-HRT group.

A tinnitus questionnaire for postmenopausal women 
receiving HRT may have clinical applications. Tinnitus 
causes irritability, frustration, hearing difficulties, annoy-
ance, hyperacusis, concentration difficulties, insomnia, 
psychological distress and depression.40–47 Discontinua-
tion of HRT may lead to recovery of hearing function and 
resolution of tinnitus.11 12 It is important for physicians to 
be attentive to the association between HRT and tinnitus 
in postmenopausal women.

This study has several limitations. First, due to study’s 
cross-sectional design, causal relationships could not be 
evaluated. Second, tinnitus status was based on subjective 
responses using self-administered questionnaires, and 
misclassification of tinnitus may have occurred. Third, we 
could not examine the HRT preparations being used by 
the participant because of national representative survey. 
Finally, we could not evaluate the vestibular dysfunction.

Despite these limitations, however, our study is the first 
to investigate an association between HRT duration and 
tinnitus prevalence in postmenopausal women using 
a representative Korean population. As this study was a 
well-designed nationwide population-based survey, the 
results can be considered valid and reliable.

conclusIon
We found that HRT for longer periods of time was asso-
ciated with an increased risk of developing tinnitus 
in Korean postmenopausal women. In the future, a 
randomised and/or prospective study is needed to eluci-
date the causal relationship between HRT and tinnitus.
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