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INTRODUCTION

Hyperacusis is a hypersensitivity to external mild to moderate 
sounds that leads them to be perceived as abnormally loud or 
even painful.1 In a recent Delphi survey, hyperacusis was de-
fined as a reduced tolerance to sounds that are perceived as 

normal by the majority of the population or that were perceived 
as normal by the affected person before the onset of hyper-
acusis, where “normal” refers to sounds that are generally well 
tolerated.2 The prevalence of hyperacusis is 0.2%–17.2% in the 
general population, and hearing loss, female sex, rare diseases, 
such as Williams syndrome, autism, occupation, such as mu-
sicians and teachers, low income, tinnitus, and physical or 
mental health difficulties have been reported as common risk 
factors.3,4 The prevalence, natural history, risk factors, and patho-
physiology of hyperacusis, the relationship between tinnitus 
and hyperacusis, and the development of an appropriate ques-
tionnaire for the diagnosis and treatment of hyperacusis have 
been regarded as significant issues.5 

Tinnitus often accompanies hyperacusis. Patients with tin-
nitus often have a typical personality, which is characterized by 
a greater response to stress, lower social closeness, lower self-
control, and higher alienation.6 Hyperacusis often aggravates 
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stress reactions. In addition, it affects the progression from 
acute to chronic tinnitus.7 In an extensive online survey of 3400 
participants, tinnitus severity was highest in patients with a co-
occurrence of tinnitus and hyperacusis.8 Tinnitus patients who 
have recovered completely over time have reported lower fear-
related hyperacusis.7

Contrary to the general belief that tinnitus is associated with 
hearing loss or auditory deafferentation, it does not always ac-
company hearing loss.9 When occurring together, hyperacusis 
may worsen tinnitus in various ways. Thus, it is imperative to 
confirm whether patients have hyperacusis, especially for pa-
tients with tinnitus. Moreover, there is still a lack of information 
on the characteristics of patients with co-occurrence of these 
symptoms. 

Furthermore, there is no gold-standard test with which to di-
agnose hyperacusis. The simplest method to evaluate hyper-
acusis is to ask patients if they have a hypersensitivity to any 
sounds. To complement the subjectivity of these tests, the Khal-
fa hyperacusis questionnaire and various audiological tests us-
ing the loudness discomfort level (LDL) test, the dynamic range 
(DR) between a pure-tone threshold, and LDL at several fre-
quencies have been utilized.10,11 The hyperacusis questionnaire 
has not yet been translated into multiple languages, other than 
Japanese, Turkish, and Portuguese. In addition, it remains un-
clear which audiological criteria are the most helpful. Recently, 
quantitative electroencephalography (qEEG) has been widely 
used to quantify brain function using computational analysis. 
It may provide additional information on changes in function-
al connectivity and disease-specific parameters that can en-
able the early diagnosis or prediction of prognosis in various 
diseases. In a qEEG study, a Korean research group reported 
that hyperacusis was the consequence of high electrical activity 
in the superior parietal lobe in association with salience to forth-
coming sound stimuli.12 However, there is no report on the ap-
plicability of qEEG for hyperacusis. 

This study aimed to assess the characteristics of patients with 
co-occurrence of tinnitus and hyperacusis, to determine the 
best audiological criteria with which to predict hyperacusis, and 
to confirm whether more objective evidence of changes in the 
brain exists using qEEG analysis.

MATERIALS AND METHODS

Subjects
Data on patients with tinnitus who visited the university hos-
pital between March 2020 and December 2021 were reviewed. 
The exclusion criteria were as follows: 1) pulsatile tinnitus 
synchronous with the heartbeat, 2) stapedial or palatal myoc-
lonus, 3) lack of LDL test results, and 4) none of the question-
naires were completed. This retrospective cohort study was 
approved by the Institutional Review Board (IRB number: 
2022-02-014). The requirement for written informed consent 

was waived because of the retrospective nature of the study.
During history-taking, the enrolled patients were asked if 

they were sensitive or intolerant to environmental sounds. If 
their answer was yes, they were classified as having hyperacu-
sis, while the others were classified as controls. Other epide-
miologic characteristics, including age and sex; accompanying 
symptoms, such as aural fullness, dizziness, headache, atten-
tion problems, temporomandibular joint (TMJ) discomfort, 
and sleep disturbance; history of noise exposure or head trau-
ma; accompanying diseases, such as diabetes mellitus (DM) 
and hypertension (HTN); results of audiological profiles, in-
cluding pure-tone audiometry, speech audiometry, electroco-
chleography, and auditory brainstem response (ABR); psycho-
acoustic tests, consisting of tinnitus laterality, tinnitus character, 
tinnitus pitch, loudness, minimal masking level (MML), and re-
sidual inhibition (RI); and questionnaires, including the Tinni-
tus Handicap Inventory (THI), Beck Depression Inventory 
(BDI), Mini-Mental State Exam (MMSE), and numerical rating 
scale (NRS) (0: no symptoms, 10: maximal symptoms) on the 
awareness, annoyance, loudness, and effect on life of tinnitus, 
were documented. 

Audiological assessment
For audiology-based diagnosis of hyperacusis, the following 
three audiometric criteria were applied to detect the presence 
of hyperacusis: method 1, reduced DR between the pure-tone 
threshold and an LDL less than 60 dB; method 2, LDL under 
90 dbHL at 500–8 kHz and 70 dB at 250 Hz; and method 3, 
LDL of 90 dB or less for at least two frequencies. 

Resting-state quantitative electroencephalogram
For qEEG recording and analysis, a scalp qEEG with 19 elec-
trodes was recorded using the MINDD scan (Ybrain, Seong-
nam, Republic of Korea), with a sampling rate of 500 Hz be-
tween 1 to 50 Hz. The international 10–20-electrode system was 
applied for placing electrodes. Before preprocessing, all data 
were imported into an EEGLAB toolbox for MATLAB (MAT-
LAB R2021b, The MathWorks, Inc., Natick, MA, USA).13 For 
preprocessing, computing average references for re-referenc-
ing, importing channel locations, 1 Hz high-pass filter, apply-
ing clean_rawdata plugins, rejecting bad channels, removing 
apparent artifacts, and running a runica.m, which uses an info-
max independent component analysis mechanism and is set 
as default in EEGLAB to remove artifacts, were performed. 
The first 5 min of each artifact-free EEG were collected. Finally, 
12 epochs (10 s duration) per patient were extracted from the 5 
min of EEG data, excluding one epoch at the beginning and 
one epoch at the end. A total of 12 patients (six patients: tinnitus 
alone, six patients: co-occurrence of tinnitus and hyperacusis) 
underwent resting-state qEEG evaluation. Their age and sex 
did not show any significant differences (p>0.05).

Analyzed parameters included 1) power spectral density 
(PSD), 2) event-related spectral perturbation (ERSP), and 
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3) spectral entropy (SE). The PSD, which is the power distri-
bution in the frequency domain, was calculated using specto-
po.m, which extracts the mean absolute power of the frequency 
band. The unit was mV2/Hz. ERSP, or changes in the spectral 
power during the epoch at each frequency, was used to reflect 
dynamic brain changes, with the zero point in each epoch set 
as the baseline.14 These ERSPs were analyzed with fast Fourier 
transform and Hanning window tapering. The mean baseline 
log power spectrum was subtracted from each spectral estimate 
to produce the baseline-normalized ERSP, and deviations from 
baseline power were subsequently calculated.14 SE, the signal 
irregularity in the frequency domain, was computed by applying 
the Shannon entropy concept. 

Statistical analysis
For statistical analysis, bivariate analyses were performed be-
tween the NRS value for subjective distress due to tinnitus and 
the documented variables, including age, sex, duration of tin-
nitus, history of noise exposure, history of head trauma, sleep 
disturbances, headache, dizziness, accompanying diseases 
such as DM and/or HTN, THI and BDI scores, pitch, loudness, 
MML, RI, mean pure-tone hearing thresholds, mean speech re-
ception thresholds, and speech discrimination score, using 
Student’s t-test, Pearson correlation analysis, or chi-square 
analysis. Subsequently, forward conditional binary logistic re-
gression analysis was conducted to identify causal relationships 
between these factors and subjective hyperacusis in addition 
to calculating the probability. 

A propensity score-matched analysis was performed to mini-
mize selection bias in the study results. Covariates for propensi-
ty score matching included age, sex, accompanying DM and 
HTN, the presence of dizziness, the duration of tinnitus, tinni-
tus laterality, and the mean pure-tone thresholds of both sides. 
Propensity scores were calculated by logistic regression, and 
1:1 nearest-neighbor matching was performed. As a result, 25 
pairs of propensity score-matched patients were analyzed.

To test interrater reliability, Cohen’s kappa was calculated. 
According to the presence or absence of hyperacusis, Student’s 
t-test was performed to compare PSD, ERSP, and SE values. All 
analyses were performed using IBM SPSS Statistics for Macin-
tosh ver. 27.0 (IBM Corp., Armonk, NY, USA). P-values<0.05 
were considered statistically significant.

RESULTS

Overall patient characteristics
After applying the inclusion and exclusion criteria, a final 194 
patients were reviewed in this retrospective study. They com-
prised 94 male (48.5%) and 100 female (51.5%), with a mean 
age of 52.36±15.22 years (range: 14–83) and a mean tinnitus du-
ration of 27.48±59.93 months. The mean pure-tone thresholds 
of the right and the left sides were 19.93±15.82 dB and 20.06 ± 

13.93 dB, respectively. Regarding tinnitus laterality, unilateral 
tinnitus was the most common (44.8%, n=87), followed by bi-
lateral tinnitus (40.7%, n=79) and holocranial tinnitus without 
localization (14.4%, n=28). The mean pitch and loudness were 
3.87±3.21 Hz and 7.09±8.60 dB SL on the right side and 4.47± 
3.37 Hz and 6.88±7.78 dB SL on the left side, respectively. 

The initial THI and BDI scores for the questionnaires were 
44.42±23.92 and 10.43±8.29, respectively. The initial NRS scores 
for awareness, annoyance, loudness, and the effect on life of tin-
nitus were 7.36±3.16, 6.67±2.82, 6.58±2.35, and 5.08±2.76, re-
spectively. The mean MMSE score was 27.85±2.44. 

Upon the analysis of accompanying symptoms, 26.3% (n= 
51) of patients complained of combined hyperacusis with tin-
nitus. Sleep disturbances were the most common accompany-
ing symptom (55.2%, 48/87), followed by aural fullness (38.2%, 
39/102), attention problems (32.5%, 27/83), dizziness (28.7%, 
39/136), headache (27.1%, 39/144), and TMJ discomfort (24.4%, 
10/41). Additionally, 6.7% of patients (13/62) had a history of 
exposure to noise, while 8.5% (10/117) and 24.8% (31/125) of 
patients had DM and HTN, respectively. 

Patient characteristics assessed by propensity score-
matched analysis
Twenty-five pairs of propensity score-matched patients were 
analyzed (Table 1). No significant relationships were found be-
tween hyperacusis and sex, tinnitus laterality, history of noise 
exposure or trauma, sleep disturbance, headache, TMJ discom-
fort, attention problems, or aural fullness. Hyperacusis was sig-
nificantly associated with the absence of dizziness (p=0.040), 
however. Only 8.3% of hyperacusis patients had dizziness, which 
was different from patients without hyperacusis (32.0%). Of the 
numerical variables, patients with hyperacusis had higher THI 
scores (p=0.002), higher NRS scores for tinnitus awareness (p= 
0.032), and lower LDLs on both sides (p<0.010) than those with-
out hyperacusis (Table 1). Forward conditional regression analy-
sis revealed that a higher THI score was independently associat-
ed with co-occurrence of subjective hyperacusis and tinnitus 
(EXP(B)=1.050, 95% confidence interval=1.012–1.088, p=0.009). 
No other parameters were identified as significant prognostic 
factors in a regression model. 

Results of audiological assessment
The proportion of patients with hyperacusis, objectively as-
sessed by three audiological criteria, varied widely from 7.4% to 
68.4% (Table 2). Fair agreement was observed between subjec-
tive hyperacusis and the audiological criterion of an LDL of ≤90 
dB for at least two frequencies. The other criteria did not reach 
any significant agreement with subjective hyperacusis. 

Four patients with subjective hyperacusis revealed an LDL 
of 95 dB or more. Their mean THI score was 33.00±25.74, which 
was significantly lower than that of those with an abnormal 
LDL (59.72±21.82; p=0.028). In addition, their DRs at whole fre-
quencies were substantially higher than those of patients with 
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Table 1. Patient Characteristics 

Variables
Total population

p value
Propensity score-matched population

p valueWith hyperacusis 
(n=51)

Without hyperacusis 
(n=143)

With hyperacusis 
(n=25)

Without hyperacusis 
(n=25)

Age (yr) 46.90±14.53 54.31±15.04 0.003 50.16±13.04 52.96±13.78 0.464
Onset (months) 18.49±43.37 30.50±64.41 0.251 19.00±34.19 14.26±27.72 0.593
Questionnaires

THI 55.86±24.21 40.61±22.66 <0.001 60.86±23.87 38.33±17.33 0.002
BDI 12.77±8.36 9.64±8.15 0.032 12.10±9.29 9.67±9.13 0.417
MMSE 28.88±1.13 27.39±2.75 0.156 28.86±1.22 28.67±1.53 0.837

NRS (0–10)
Awareness 8.33±2.77 7.04±3.23 0.013 9.05±2.31 7.22±2.80 0.032
Annoyance 6.98±3.12 6.57±2.72 0.412 7.67±2.87 6.56±1.85 0.167
Loudness 7.02±2.18 6.43±2.40 0.156 7.43±2.29 6.72±2.02 0.318
Effect on life 5.88±3.05 4.81±2.62 0.029 6.43±2.75 5.28±2.67 0.195

Mean PTA (dB HL)
Right 17.60±15.32 20.74±15.96 0.230 18.16±12.84 17.20±12.07 0.787
Left 18.51±11.43 20.62±14.72 0.364 18.88±11.79 21.68±16.36 0.491

Mean LDL (dB HL)
Right 81.47±19.00 93.36±15.89 <0.001 74.90±21.03 87.80±11.50 0.010
Left 80.19±19.27 92.53±16.08 <0.001 74.19±21.37 87.09±12.40 0.012

SP/AP ratio
Right 0.29±0.12 0.29±0.12 0.874 0.29±0.11 0.26±0.11 0.382
Left 0.30±0.13 0.29±0.12 0.731 0.32±0.15 0.26±0.11 0.829

ABR thresholds (dBnHL)
Right 30.00±17.20 36.51±16.51 0.020 27.60±12.17 28.75±12.53 0.746
Left 31.80±13.08 38.05±14.80 0.009 32.40±11.91 35.00±12.94 0.468

Tinnitus pitch (kHz)
Right 4.11±3.09 3.79±3.26 0.639 3.27±2.44 2.56±2.51 0.463
Left 4.34±3.46 4.53±3.35 0.762 4.23±3.58 4.88±4.18 0.605

Tinnitus loudness (dB SL)
Right 5.16±7.80 3.79±3.26 0.149 5.94±5.23 10.42±8.38 0.094
Left 6.67±6.01 6.97±8.41 0.831 5.25±4.72 5.56±9.06 0.895

MMLs (dB HL)
Right 39.80±20.64 44.75±21.26 0.325 20.00±14.38 21.67±12.31 0.750
Left 42.42±22.99 44.77±22.00 0.623 28.10±22.28 28.89±25.24 0.917

RI
Right >0.999* >0.999

Complete RI   9 (36.0) 27 (42.2)   2 (18.2)   2 (25.0)
Partial RI 15 (60.0) 36 (56.3) 1 (9.1) 0 (0.0)
No RI 1 (4.0) 1 (1.6)   8 (72.7)   6 (75.0)

Left 0.187* 0.417
Complete RI 13 (38.2) 31 (46.3)   7 (35.0)   3 (25.0)
Partial RI 21 (61.8) 33 (49.3) 0 (0.0) 1 (8.3)
No RI 0 (0.0) 3 (4.5) 13 (65.0)   8 (66.7)

THI, Tinnitus Handicap Inventory; BDI, Beck Depression Inventory; MMSE, Mini-Mental State Exam; NRS, numerical rating scale; PTA, pure tone average; LDL, 
loudness discomfort level; SP/AP ratio, summating potential–to–action potential ratio; ABR, auditory brainstem response; MML, minimal masking level; RI, re-
sidual inhibition.
Data are presented as mean±standard deviation or n (%).
*Results of Fisher exact test.

an abnormal LDL (p<0.05). No other significant differences 
were observed irrespective of the LDLs of these patients. 

Comparison of resting-state qEEG 
Regarding PSD, increased beta-PSD (p=0.016) and decreased 
gamma-PSD (p<0.001) were observed in patients with hyper-
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Fig. 1. Comparison of event-related spectral perturbations (ERSP) between the two groups (**p<0.001).

acusis. Reduced levels of all-ERSP and delta-ERSP were also ob-
served in these patients (p<0.001), while other sub-variables 
were not found to be significantly different (Fig. 1). For SE, no 
significant differences were observed irrespective of the pres-
ence of hyperacusis (p>0.05). Channel spectra and tonotopic 
maps of a hyperacusis patient are shown in Fig. 2.

DISCUSSION

In this study, we found that a higher THI score was indepen-
dently associated with the co-occurrence of tinnitus and hyper-
acusis in a propensity score-matched analysis. Of the audio-
logical criteria used to diagnose hyperacusis, an LDL of ≤90 dB 
for at least two frequencies showed fair agreement with sub-
jective hyperacusis. In addition, differences in objective qEEG 
findings were observed according to the co-occurrence of hy-
peracusis in tinnitus patients. 

Consistent with our findings, tinnitus questionnaires are one 
of the most simple and valuable methods to predict hyperacu-

sis. Hyperacusis has been shown to be associated with a THI 
score of ≥58, and this association was found to be stronger in 
patients with severe hyperacusis.15 In a longitudinal compara-
tive study between patients with tinnitus alone and those with 
both tinnitus and hyperacusis, some patients with only tinni-
tus had high scores on the tinnitus questionnaire from early on, 
along with constant symptoms of annoyance and bilaterality, 
suggesting the hidden co-occurrence of tinnitus and hyperacu-
sis.16 Although excluded in our final regression model, patients 
who complained of both tinnitus and hyperacusis demonstrat-
ed differences in tinnitus awareness, compared to patients with-
out hypersensitivity, which may be due to the increased atten-

Table 2. Proportion of Hyperacusis Assessed by the Three Audiological 
Criteria

Proportion of 
hyperacusis

Unilateral Bilateral 
Cohen’s 
kappa

p value

Method 1 123 (63.4)   37 (19.1) 86 (44.3) 0.030 0.573
Method 2 14 (7.4)   8 (4.3) 6 (3.2) 0.056 0.336
Method 3 117 (68.4) 17 (9.9) 100 (58.5) 0.210 <0.001

LDL, loudness discomfort level.
Data are presented as n (%).
Method 1: reduced dynamic range between the pure-tone threshold and an 
LDL less than 60 dB; Method 2: LDL under 90 dbHL at 500–8 kHz and 70 dB at 
250 Hz; and Method 3: LDL of 90 dB or less for at least two frequencies.
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tion and salience to the forthcoming stimuli.12 

Based on the total population, our results showed no differ-
ences in the audiological profiles between patients with and 
without hyperacusis, except for better ABR thresholds in those 
with hyperacusis. We assumed that the improved ABR thresh-
olds might result from better pure-tone averages in patients with 
hyperacusis. They did not show any significant differences in 
the propensity score-matched analysis, however. Similar ob-
servations indicating that hearing thresholds show no statisti-
cal difference irrespective of the presence of hyperacusis have 
been previously reported.16 Hyperacusis does not always ac-
company the hearing loss that is associated with the develop-
ment of tinnitus.9 

Differentiating hyperacusis from tinnitus is challenging be-
cause the potential underlying mechanisms of both may be 
identical.15 Both involve central overcompensation for reduced 
peripheral auditory input: enhanced central gain to compen-
sate for the reduced auditory input to the brain has been regard-
ed as the potential mechanism for both conditions.17 Zeng1 sug-
gested that the additive central noise compensating for hearing 
loss likely generates tinnitus. In contrast, the multiplicative 
central gain that compensates for hidden hearing loss is likely 
to give rise to hyperacusis.1

In an animal model study using guinea pigs, ventral cochlear 
nucleus bushy cells demonstrated increased spontaneous fir-
ing rates and reduced latency at the suprathreshold after co-
chlear damage, suggesting that these cells may be involved in 
the generation of hyperacusis.9 These neural changes were not 
limited to the central auditory pathway and were also found in 
various non-auditory areas associated with emotion, arousal, 
and stress in an animal model.18 In a hyperacusis rat model, c-
Fos expression was higher in the medial geniculate nucleus, 
central auditory pathway, and nucleus accumbens in the lim-
bic system.19 Eggermont reported that hyperacusis was associ-
ated with noise exposure that increased the central gain in the 
lemniscal pathways. In contrast, increased burst firing and 
neural synchrony in the extra-lemniscal pathway were involved 
in the generation of tinnitus.20 

Among patient characteristics, the absence of dizziness was 
most prominent in patients with subjective hyperacusis, al-
though it was not included in the regression model. In fact, diz-
ziness and hyperacusis are accompanied only by specific con-
ditions (Table 3).21-29 Acoustic shock may lead to the generation 
of hyperacusis, tinnitus, and various otologic symptoms by ac-
tivating the trigeminal nerve and cervical trigeminal complex 
that integrates sensory input from the head and neck and proj-
ects it backward bidirectionally to the cortex.26 TMJ disorder 
was also one of the most common causes of somatic tinnitus 
because of the close anatomical relationship between the TMJ, 
trigeminal nerve, and ear.25 Otologic symptoms are common 
in most patients with TMJ disorder. We assumed that the rea-
son patients without dizziness had hyperacusis in this study 
might be related to the enrolled patients’ characteristics: most 

patients who visited our tinnitus clinic had chronic subjective 
tinnitus alone, and patients with the abovementioned diseases 
might present with dizziness or other symptoms as their main 
complaints instead of tinnitus or hyperacusis. 

In this study, the best audiological criterion for hyperacusis 
was an LDL of ≤90 dB at two or more frequencies. Although 
there are various diagnostic criteria for diagnosing hyperacu-
sis, this assessment was the only one that matched the subjec-
tive hyperacusis described by the patient. On the other hand, 
although few patients reported a history of subjective hyperacu-
sis, their LDL was normal. It is possible that they did not have 
hyperacusis and instead had misophonia or an error in history 
taking. As mentioned earlier, there is currently no gold standard 
for diagnosing hyperacusis. Therefore, for a more successful hy-
peracusis study, it seems appropriate to evaluate only those pa-
tients whose subjective hypersensitivity and hearing test results 
match.

In our qEEG findings, increased beta-PSD and decreased 
gamma-PSD in patients with co-occurrence of tinnitus and hy-
peracusis suggest the presence of increased stress, increased 
external attention and anxiety, and reduced cognitive function. 
Since ERSP evaluates the amount of change in brain activity, 
compared to the baseline of each epoch, decreased all-ERSP 
and delta-ERSP imply the maintenance of increased arousal. 
Similarly, a functional magnetic resonance imaging study re-
ported that higher cortical and subcortical sound-evoked activ-
ities were observed in hyperacusis patients.30

This study has several limitations. First, the study groups were 
based entirely on hyperacusis history, which was taken retro-
spectively from the medical records and not by the study exam-
iners. We could not distinguish misophonia from hyperacusis 
due to incomplete medical records. We also could not differen-
tiate patients who experienced otalgia in response to sounds 
from patients who perceived sounds as excessively loud. The 
retrospective nature of this study may weaken our findings. 
However, to overcome the limitations of the retrospective study, 

Table 3. Various Medical Conditions Associated with the Co-Occurrence 
of Dizziness and Hyperacusis

Medical conditions Diseases
Otologic origin Acute low-tone sensorineural hearing loss

Sudden idiopathic hearing loss
Meniere’s disease
Ramsay-Hunt syndrome
Superior semicircular canal dehiscence
Acoustic shock

Dental origin Temporomandibular joint disorder
Central origin Vestibular migraine

Chiari malformation type I
Autoimmune origin Vogt-Koyanagi-Harada syndrome

Systemic lupus erythematosus
Systemic sclerosis

Others Emotional stress
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we added a propensity score-matching analysis to reduce con-
founding effects, and both qEEG analysis and a comparison 
between audiological criteria were performed. All data were 
obtained prospectively with additional research in mind from 
the beginning. Second, somatic tinnitus was not differentiated. 
Patients with somatic tinnitus and hyperacusis have been re-
ported to be older and have more frequent bilateral tinnitus, 
more severe tinnitus annoyance, and worse subjective hearing 
than those without hyperacusis.31 However, we did not con-
firm these characteristics in our study. Third, response to the 
hyperacusis questionnaire were not obtained because we did 
not have a reliable, validated language version. 

In conclusion, a higher THI questionnaire score was inde-
pendently associated with the co-occurrence of tinnitus and 
hyperacusis. An LDL of ≤90 dB at two or more frequencies may 
be applicable to predict accompanying hyperacusis in sub-
jects with tinnitus. In addition, qEEG seems to provide more 
objective information to differentiate accompanying hyperacu-
sis from tinnitus alone. Changes in PSD and ERSP were ob-
served, which suggests that subjective hyperacusis correlates 
with changes in brain activity.
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