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INTRODUCTION

Hyperacusis is characterized by decreased sound tolerance or 
auditory hypersensitivity to ordinary environmental sounds [1]. 

A person with hyperacusis may have an exaggerated response 
or discomfort to sounds that are normally non-aversive to a typ-
ical person [2,3]. Hyperacusis has been described using several 
terms such as phonophobia, misophonia, and recruitment. These 
terms, however, have substantial differences. Phonophobia is 
the fear of episodic sound intolerance, which is brought about 
by excessive stimulation of the autonomic and limbic systems. 
Misophonia is a developed aversion to sounds such as chewing 
or breathing. 

The diagnosis of hyperacusis remains obscure since there is no 
gold-standard objective test that can accurately determine the 
presence of hyperacusis in a person [4]. Most studies have de-
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Objectives. The aims of this study were to investigate the test-retest reliability of measurements of loudness discomfort lev-
els (LDLs), to suggest cut-off values for diagnosing patients with hyperacusis, and to evaluate the clinical value of 
LDL measurements as a test for monitoring hyperacusis. 

Methods. For the test-retest reliability of LDL measurements (study 1), a total of 68 patients who sought consultations at 
our clinic were subcategorized into four groups: patients with tinnitus (group 1), tinnitus and hearing loss (group 2), 
hyperacusis (group 3), and normal controls (group 4). Inter-hour and inter-day test-retest reliability values using dif-
ferent stimuli were investigated. For study 2, the clinical value of LDL measurements using pure tone stimuli was an-
alyzed by comparing changes after sound generator use in patients with hyperacusis. 

Results. In study 1, the group 3 patients showed significantly lower LDLs than the other groups. High test-retest reliability 
of LDL tests was demonstrated, regardless of the type of stimulus used. The cut-off values for screening patients with 
hyperacusis were 90 dB HL using pure tone stimuli and 62 dB HL using white-band noise stimuli. In study 2, signifi-
cantly increased LDLs were correlated with improved symptoms and improved scores on tinnitus questionnaires af-
ter sound generator use, indicating that LDL measurement is a reliable test for monitoring hyperacusis during an in-
tervention.

Conclusion. LDL measurement is a reliable diagnostic tool to reflect the condition of hyperacusis, especially during the 
course of treatment. 
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scribed diagnosing hyperacusis based on a self-report question-
naire called the Hyperacusis Questionnaire formulated by Khal-
fa et al. [5] This hyperacusis questionnaire was found to be ben-
eficial for the quantification and characterization of the clinical 
phenomenon of hyperacusis over three major dimensions: at-
tentional, social, and emotional [6].

Several methods have been used in attempts to measure hy-
peracusis objectively. The assessment of hyperacusis usually in-
volves pure tone audiometry (PTA), acoustic reflex test (ART), 
tone decay test, otoacoustic emissions (OAE), auditory brain-
stem response (ABR), and loudness discomfort levels (LDLs). 
Since hyperacusis is primarily characterized by an individual’s 
abnormal loudness perception, it is logical that an individual’s 
loudness discomfort perception is measured. Hence, this study 
focused on the measurement of LDLs. 

LDLs predict the level at which tones are detected by a person 
to be uncomfortably loud. LDLs have been commonly used to 
quantify hyperacusis, but their reliability as a diagnostic tool has 
not yet actually been proven. The average LDL of normal-hear-
ing individuals is approximately 100 dB HL [7]. The average LDL 
of hyperacusis patients varies across studies because the criteria 
for a strict diagnosis of hyperacusis are not generally agreed upon. 
The study of Goldstein and Shulman [8] suggested that an LDL 
less than 95 dB HL is an indication of hyperacusis, while it was 
70 dB HL according to Anari et al. [9], and 80, 85, 80, and 75 
dB HL at 500, 1,000, 2,000, and 4,000 Hz, respectively, accord-
ing to Sherlock and Formby [7]. This variability of LDL values 
across studies is, therefore, a major limitation of LDL measure-
ments [10]. 

Hence, the first part of this study aimed to investigate the test-
retest reliability of LDL measurements in the diagnosis of hy-
peracusis. After establishing the reliability of the test, we can de-
termine whether it is actually a good measure of hyperacusis. 
We also aimed to suggest cut-off values for diagnosing hyper-
acusis. In the second part of the study, we aimed to evaluate the 
clinical value of LDL measurements by monitoring LDL chang-
es in patients with hyperacusis who were prescribed sound gen-
erators. The use of sound generators in the treatment of hyper-
acusis has been promising [11-13]. It would therefore be inter-
esting to evaluate whether the efficacy of sound generators for 
patients with hyperacusis is reflected in their LDLs. 

MATERIALS AND METHODS

Subject selection and evaluation
This study was conducted on patients who sought consult at the 
outpatient clinic of a tertiary referral center. 

Institutional approval
Informed consent was obtained from the participants, and approv-
al was obtained from the Institutional Review Board of Seoul St. 
Mary’s Hospital approved this study (IRB No. KC17RESI0422).

Study 1: test-retest reliability of LDLs
Data of 68 patients of tinnitus and hyperacusis clinic were used 
for the first study. Patients were asked to fill up questionnaires 
upon their initial consult. They were then categorized into four 
groups based on their chief complaint: patients with only tinni-
tus (group 1), tinnitus and hearing loss (group 2), patients with 
only hyperacusis (group 3) and normal control (group 4). Sub-
jective patients with hyperacusis (group 3) were selected and 
defined as the patients complaining of increased sound sensitivi-
ty to usual environmental sound confirmed by positivity in both 
hyperacusis questionnaire and an interview by tinnitus specialist.

Their LDLs were measured using pure tone (125–8,000 Hz) 
and white band noise by 5 dB and 2 dB ascending method re-
spectively. Duration of each stimulus was one second. First hy-
peracusis test/LDL measurement was done during the patient’s 
initial visit. Second LDL measurement (inter-day measurement) 
was on his second visit, which was 1 week after the first visit. 
Third measurement (inter-hour measurement) was 1 hour after 
the second measurement. Their LDLs were compared with nor-
mal controls to suggest the cut-off point for hyperacusis. 

Study 2: clinical value of LDLs
For the second study, the clinical value of the LDLs using pure 
tone stimuli were analyzed by comparing the changes of LDL 
values before and after sound generator use in 100 patients with 
tinnitus. Patients were grouped into two. Group A comprised of 
patients who only had tinnitus, while group B are patients who 
had hyperacusis and tinnitus. 

Initial assessment of hyperacusis was performed by asking the 
patients to answer the following question at the initial visit—
Are you particularly sensitive to or bothered by noise or certain 
environmental sounds? A hyperacusis questionnaire was also 
used to evaluate the patient’s condition of hyperacusis. To detect 
changes of hyperacusis symptoms, the patients were asked to 
rate how much the symptoms of hyperacusis troubled them in 
their daily life on a scale of 10, at every visit during their treat-
ment period. Patients were also asked to answer questionnaires 
on visual analog scale (VAS) scores of subjective tinnitus distress 
(loudness/awareness/annoyance/effect on life) and Tinnitus Hand-
icap Inventory (THI). 

Patients were recommended to use sound generators if there 

	� The retest reliability of loudness discomfort level (LDL) mea-
surements was generally excellent. 

	� LDL measurements for hyperacusis had high test specificity. 

	� A significant increase in LDL values was seen in patients who 
used sound generators.
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is failure of response to environmental sound therapy or if there 
is distressing hyperacusis. The patients’ LDL values were then 
measured initially and after 6 months of sound generator use. 
Patients were instructed to use sound generators for at least 8 
hours a day. The intensity of the sound from sound generators 
were from low to high up to mixing point, which indicated the 
sound level changing patients’ tinnitus. 

Statistical analysis
All data for study 1 were entered into SAS ver. 6.12 (SAS Insti-
tute Inc., Cary, NC, USA) to assess the reliability within or inter-
subjects using repeated analysis of variance (ANOVA) test. Cut-
off values were suggested by receiver operating characteristic 
(ROC) curve in SAS logit analysis. Mean LDLs among groups 
were compared by ANOVA test, and P-value less than 0.05 was 
considered as statistically significant. The statistical analysis for 
study 2 was performed using IBM SPSS ver. 21.0 (IBM Corp., 
Armonk, NY, USA) at a significance level of 0.05.

RESULTS

Study 1: test-retest reliability 
The clinical characteristics of the patients involved in the first 
study are summarized in Table 1. There were four groups in study 
1: group 1 comprised 15 patients with only tinnitus (9 men, 6 
women; mean age, 46.9 years; standard deviation [SD], 13.6 
years); group 2 comprised 12 patients with tinnitus and hearing 
impairment, with an average threshold of pure tone audiogram 
in speech frequencies over 25 dB HL (mean, 56.3±23.3 dB HL; 
4 men, 8 women; mean age, 55.9 years; SD, 7.9 years); group 3 
comprised 21 patients with hyperacusis (10 men, 11 women; 
mean age, 47.9 years; SD, 11 years), and group 4 comprised 20 
patients in the normal control group (10 men, 10 women; mean 
age, 31.6 years; SD, 9.3 years). 

The mean LDL curve of group 3 using pure tone stimuli was 
significantly lower (74 dB; SD, 2.96 dB) than that of the other 
groups for all frequencies (group 1: 94 dB, SD, 9.92 dB; group 2: 
94 dB, SD, 9.67 dB; group 4: 93.9 dB, SD, 9.52 dB; P<0.05)  
(Fig. 1). The mean LDL value using white-band noise stimuli was 
45.1 dB (SD, 12.1 dB) for group 3, which was significantly lower 
than the mean LDLs of the other non-hyperacusic groups (group 
1: 73.9 dB, group 2: 70.9 dB, and group 4: 73.8 dB; P<0.01)  
(Fig. 2). The inter-hour and inter-day reliability coefficients of the 
hyperacusis test using pure tone stimuli in all of the subjects were 
relatively high (r=0.8–0.93) except at 0.25 kHz (r=0.66) (Fig. 3). 
The reliability coefficients of the hyperacusis test using white-
band noise were as high as 0.95 and 0.93 for the inter-hour and 
inter-day tests, respectively. 

The sensitivity and specificity of the cut-off values for hyper-

Fig. 1. Mean loudness discomfort levels (LDLs) using pure tone stim-
uli at different frequencies, showing that the patients in group 3 had 
lower mean LDLs (74 dB; standard deviation [SD], 2.96). Group 1 
(n=15): patients with tinnitus; group 2 (n=12): patients with tinnitus 
and hearing loss; group 3 (n=21): patients with hyperacusis; group 
4 (n=20): normal control. *P<0.05. Error bars indicate SDs. Tests of 
the hypotheses were assessed using the t-test for six independent 
groups per frequency with a Bonferroni-adjusted alpha level of 0.008 
per test (0.05/6).
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Fig. 2. Mean loudness discomfort levels (LDLs) using white-band 
noise, showing that group 3 patients had statistically significantly 
lower mean LDL values, at 45.1 dB HL (standard deviation [SD], 
12.1 dB HL, P<0.01. Group 1 (n=15): patients with tinnitus; group 2 
(n=12): patients with tinnitus and hearing loss; group 3 (n=21): pa-
tients with hyperacusis; and group 4 (n=20): normal control pa-
tients. *P<0.05. Error bars indicate SDs. Tests of the hypotheses 
were assessed using the t-test for six independent groups with a 
Bonferroni adjusted alpha level of 0.008 per test (0.05/6).
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Table 1. Clinical characteristics of the patients in study 1

Group Age (yr) Sex (M:F) Hearing thresholda) (dB HL)

1 (n=15)  46.9±13.6 9:6 19.1±8.1
2 (n=12) 55.9±7.9 4:8  56.3±23.3
3 (n=21)  47.9±11.0 10:11  25.7±13.3
4 (n=20) 31.6±9.3 10:10 13.9±8.8

Values are presented as mean±standard deviation. Group 1, patients 
with tinnitus; group 2, patients with tinnitus and hearing loss; group 3, pa-
tients with hyperacusis; group 4, normal control.
a)Mean air conduction hearing level at 500, 1,000, 2,000, and 3,000 Hz.
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Table 2. Suggested cut-off values with corresponding sensitivity and 
specificity values using receiver operating characteristic curve anal-
ysis (study 1)

S�timulus  
frequency 

Pure tone (Frequency, Hz)
WBN

0.125 0.25 0.5 1 2 4 6 8

Cut-off (dB) 70 85 90 90 90 90 90 90 62
Sensitivity (%) 95.1 80.3 80.9 75.3 72.8 79.1 70.4 83.2 73.5
Specificity (%) 56.4 90.5 94.4 97.6 98.4 94.4 97.6 99.2 93.7

WBN, white-band noise.

Table 3. Clinical characteristics of the patients in study 2 

Variable Group A (n=64) Group B (n=36) P-value

Sex (male:female) 40:24 11:25 0.041
Age (yr)  49.5±13.2  49.4±13.5 0.972
Average PTAa) (dB HL)  20.8±12.5  19.1±15.6 0.514

Values are presented as mean±standard deviation. Group A, patients with 
tinnitus without hyperacusis; group B, patients with tinnitus and hyperacu-
sis.  
a)Average-air condition hearing threshold level at 0.5, 1, 2, 3 kHz on pure 
tone audiograms, in dB HL (dB hearing level). 

Fig. 4. Comparison of hyperacusis symptoms and loudness discom-
fort level (LDL) measurements in group 2 patients. Significantly in-
creased LDLs and decreased symptoms of hyperacusis were ob-
served in the tinnitus patients with hyperacusis after 6 months of 
sound generator (SG) use (*P=0.02).
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Fig. 5. Correlations between mean loudness discomfort level (LDL) values and patients’ scores on the Tinnitus Handicap Inventory (THI). Scat-
ter plot of pre-post changes in the THI versus pre-post changes in LDLs, showing that a larger decrease in THI scores was correlated with a 
larger increase in LDLs (r=0.73, P<0.05). 
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acusis tests according to pure tone and white-band noise stimuli 
are shown in Table 2. For pure tone stimuli, the cut-off values 
suggested by the ROC curve analysis were from 70 to 90 dB. The 
cut-off value of 90 dB from 500 to 8 kHz showed high specifici-
ty (94.4%–99.2%) but relatively low sensitivity (70.4%–83.2%). 
For white-band noise, the cut-off value suggested was 62 dB, 
which had high specificity (93.7%) and low sensitivity (73.5%). 

Study 2: clinical value of LDL measurements
Two groups of tinnitus patients with or without subjective hy-
peracusis were enrolled in study 2. Group A included patients 

who had only tinnitus, while group B included patients who had 
tinnitus and hyperacusis. There were 40 men and 24 women in 
group A, with a mean age of 49.5 years (SD, 13.22 years). Group 
B had 11 men and 25 women, with a mean age of 49.4 years 
(SD, 13.52 years) (Table 3). The patients in group B showed low-
er mean average initial LDLs (97.9 dB) than those in group A 
(102.8 dB). However, this difference was not statistically signifi-
cant (P=0.08, Student t-test).

Fig. 3. Inter-hour and inter-day reliability coefficients of loudness dis-
comfort level measurements using pure-tone stimuli (r=0.8–0.93).
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After 6 months of sound generator use, the patients in group 
B claimed that their subjective hyperacusis considerably improved. 
Upon comparison of the subjective symptoms and objective LDL 
measurements of the group B patients, a significant decrease was 
found in their subjective hyperacusis symptoms with a corre-
sponding increase in their average LDL after 6 months of sound 
generator use (P=0.02) (Fig. 4). 

An inverse correlation between the patients’ LDL values and 
their scores on the tinnitus questionnaires was also noted, with 
r-values from –0.73 to –0.92, indicating a strong association (THI, 
–0.88; loudness, –0.92; awareness, –0.86; annoyance, –0.86; and 
effect on life, –0.85). Patients’ THI scores seemed to decrease as 
their LDL thresholds increased, as seen in Fig. 5 (r=0.73, 
P<0.05).

DISCUSSION

Hyperacusis is a condition wherein a person has abnormally 
strong reactions after exposure to sounds that are low to moder-
ate in intensity, which leads to decreased tolerance to suprathresh-
old sounds [14,15]. Hyperacusis is said to be a precursor of tin-
nitus, and about 40% of patients with tinnitus also experience 
hyperacusis [16,17]. 

It is important to differentiate hyperacusis from the develop-
ment of the loudness recruitment phenomenon. A person who 
experiences the loudness recruitment phenomenon most likely 
has cochlear hearing loss and dysfunction of the outer hair cells 
of the organ of Corti. The individual’s perceived loudness in-
creases faster than normal upon exposure to an increasing in-
tensity of sound in loudness recruitment. There is also narrowing 
of the dynamic range caused by the higher detection threshold, 
and the discomfort level is unaffected [18]. This is in contrast 
with hyperacusis, where an individual’s perceived loudness in-
creases even in response to sounds of low to moderate intensity. 
There is usually no associated hearing loss, as was demonstrated 
in studies 1 and 2, since the patients enrolled in both studies 
had normal hearing thresholds (Tables 1 and 3). 

The diagnosis of hyperacusis usually relies on the functional 
handicap or effect on life produced by this symptom. The handi-
cap associated with hyperacusis can be quantified using the in-
strument published by Khalfa et al. [5], which is a self-report 
questionnaire with 14 items focusing on three factors (attention-
al, social, and emotional). The Multiple Activity Scale for Hyper-
acusis is another questionnaire used to evaluate the effect of hy-
peracusis on individuals’ daily living [19].

These are, nonetheless, only subjective measures of hyperacu-
sis. There is still no uniform standardized diagnostic procedure 
for hyperacusis. Some researchers have attempted to measure 
hyperacusis objectively by using PTA, ART, the tone decay test, 
OAE, ABR, and LDLs. These tests, however, measure different 
areas in the auditory pathway, which would then perpetuate the 

question of how hyperacusis develops in the first place. It is there-
fore important to determine the pathogenesis of hyperacusis to 
find out whether it is quantifiable by a single diagnostic test.

Several potential mechanisms have been proposed in attempts 
to explain hyperacusis. One mechanism is rooted in the obser-
vation that both hyperacusis and tinnitus worsen during episodes 
of anxiety, stress, or fatigue. Endogenous dynorphins are said to 
be released during times of stress. These dynorphins are released 
into the synaptic regions of hair cells, and cause the release of 
glutamate, which is known to influence the intensity tuning of 
auditory processing. This, in turn, causes sound stimuli to be per-
ceived as louder than they should be [20]. Auditory efferent dys-
function is another possible mechanism of hyperacusis. This mech-
anism is based on the problem of central gain modulation, which 
causes sensitivity to sound [21,22]. 

Another well-referenced mechanism is the neurophysiological 
model suggested by Jastreboff et al. [23]. This model postulates 
that the limbic system, autonomic nervous system, and auditory 
systems are all activated when a person has hyperacusis and tin-
nitus. There is central hyperexcitability in the central auditory 
system [20,23]. This central hyperexcitability is a key point sup-
porting the possibility that a diagnostic test measuring the cen-
tral auditory system, such as LDL measurements, would be a 
more appropriate objective measure of hyperacusis than other 
diagnostic tests. In this study, we focused on evaluating LDL mea-
surements in patients with hyperacusis. 

For study 1, inter-hour and inter-day testing of LDLs using 
two different types of stimuli were done. Two different types of 
stimuli were used because patients with hyperacusis usually com-
plain of discomfort when exposed to certain environmental sounds. 
Pure tone stimuli only have a narrow frequency spectrum; hence, 
the additional use of white-band noise can increase the spectrum 
to which patients must respond. The retest reliability of LDL mea-
surements using pure tone stimuli and white-band noise was 
generally excellent. The reliability values were higher than 0.9 
using white-band noise and pure tone stimuli. The high retest re-
liability of LDL indicates that the patients’ LDLs were consistent 
even across different days and different hours in the day. The good 
test-retest reliability of LDL measurement in this study may be 
attributed to the type of patients included. In particular, group 3 
comprised patients who solely complained of hyperacusis, un-
like previous studies focusing on patients who had both hyper-
acusis and tinnitus [10]. Another factor that may have contribut-
ed to the high test-retest reliability of LDLs in our study seems 
to be proper instruction and the fact that the pure tone test sig-
nal was given to the study subjects by a single specialized audiol-
ogist, which minimized the measurement error caused by the 
tester. 

Initially, cut-off values were determined in study 1 to predict 
the exact level at which hyperacusis can be diagnosed. Based on 
the mean hyperacusis response values in study 1, the cut-off val-
ues derived were 90 and 62 dB for pure tone and white-band 
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noise stimuli, respectively. These cut-off values showed high spec-
ificity, but low sensitivity. A screening test with good specificity 
has the ability to correctly identify those without the disease. 
Test sensitivity, in contrast, is the ability to correctly identify those 
with the disease. The high specificity and low sensitivity of our 
derived cut-off values imply that LDL measurement may not be 
effective for the initial screening of patients with hyperacusis. 
LDL measurement may instead be more beneficial in ruling out 
those without hyperacusis and in monitoring patients’ progress/
improvement when given a particular intervention. Hence, LDL 
use is more beneficial when measuring the effectiveness of a 
particular treatment. For the initial diagnosis, it is advisable to 
use LDLs in conjunction with other validated questionnaires to 
accurately determine whether a patient actually has hyperacu-
sis. It is also important to mention that the cut-off values sug-
gested are particularly useful for patients complaining of hyper-
acusis alone. For patients complaining of both hyperacusis and 
tinnitus, a higher cut-off value may be recommended in future 
studies. 

Since the results of the first study showed that LDL measure-
ments are suitable for monitoring hyperacusis during treatment, 
we incorporated our initial findings and used LDL measurements 
to monitor the progress of patients with hyperacusis and tinnitus 
upon prescription of sound generators. Sound generators, when 
given in addition to counseling, have been shown to be effective 
for the treatment of patients with hyperacusis [1,12,13]. Desen-
sitization is the main concept of sound therapy [3].

Using this concept, study 2 involved prescribing sound gener-
ators to patients who had distressing hyperacusis or did not re-
spond to environmental sound therapy. An increase in the LDL 
value after sound generator use would mean that there was an 
increase in the threshold of discomfort experienced by the pa-
tient. The results of study 2 showed that there was a significant 
increase in LDL values in patients who used sound generators. 
This objective improvement in LDL values was seen to be asso-
ciated with the subjective improvement of the patients’ hyper-
acusic symptoms (Fig. 4). The improvement was also reflected in 
patients’ responses to questionnaires: the THI and VAS scores 
for loudness, awareness, annoyance, and effect on life. As their 
LDL values increased, their scores on the questionnaires decre
ased, showing a strong and significant inverse correlation. There 
was a greater improvement in their THI scores as their LDL thres
holds increased (Fig. 5). 

Conflicting reports have been published regarding the rela-
tionship between LDLs and patients’ self-reported hyperacusis 
handicap [24]. Some studies reported a weak negative correla-
tion between across-frequency average LDLs and self-reported 
sound tolerance problems [25]. Some studies did not find a sta-
tistically significant relationship [19], while others reported a 
moderate and highly significant negative correlation between 
self-reports of hyperacusis and LDLs [26]. In our study, there 
was a strong inverse correlation between LDLs and patients’ 

scores on the questionnaires, meaning that measurements of 
LDLs indeed reflected the hyperacusic component of the sub-
jective complaints of tinnitus.

The patients who complained of hyperacusis in study 2 showed 
a mean LDL value of 97 dB, which was slightly higher than the 
suggested cut-off value in study 1, which was 90 dB. This differ-
ence might be explained by the presence of comorbid tinnitus 
in the patients in study 2. In study 1, the patients in group 3 com-
plained of hyperacusis only, while in study 2, the patients in group 
B complained of tinnitus and comorbid hyperacusis. Therefore, 
the patients with only hyperacusis in study 1 seemed to have 
lower LDLs than the hyperacusis patients with tinnitus in study 
2. This may indicate that the good sensitivity, specificity, and test-
retest reliability of LDL measurements are particularly useful 
for patients who complain of hyperacusis only. 

Based on the results of study 1 and study 2, LDL measure-
ments are important in the stepwise approach to hyperacusis. 
The results of study 1 show that LDL measurements are a reli-
able tool for monitoring hyperacusis. The good test-retest reli-
ability signifies the internal validity of the test and that the mea-
surements obtained are both representative and stable over time. 
The cut-off values for diagnosis, 90 dB for pure tone stimuli and 
62 dB for white band noise, had a relatively low sensitivity but 
high specificity, which indicates the clinical value of LDL mea-
surements as a diagnostic test for determining patients’ progress 
during an intervention rather than as a screening test. After be-
ing diagnosed with hyperacusis, patients can be monitored for 
improvement in response to an intervention. The objective im-
provement in patients’ LDL can also have a positive effect as they 
can objectively see that they are increasing their threshold for 
uncomfortable sounds, as was clearly demonstrated in study 2. 

In conclusion, LDL measurements have high inter-day and in-
ter-hour reliability regardless of the type of stimulus used (pure 
tone or white-band noise), indicating that this test has good in-
ternal validity. LDL measurements are particularly reliable in 
patients who complain of hyperacusis alone but are also helpful 
in those who have comorbid tinnitus. Significantly increased 
LDLs and decreased hyperacusis symptoms were observed in 
tinnitus patients with hyperacusis after 6 months of sound gen-
erator use. A study analyzing the correlation of scores on hyper-
acusis questionnaires and LDL scores can be done in the future 
to further strengthen the results of this study. LDL measurement 
is a reliable and valuable diagnostic tool to reflect the condition 
of hyperacusis during the course of an intervention.
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