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Combined evaluation of audiology 
examination and self‑reported 
symptoms in patients 
with hyperacusis
Yu Huang 1, Tao Xiang 2, Fan Jiang 1, Jing Ren 1, Tao Xu 1 & Dan Lai 1*

To investigate the application of combined audiological examination and a self‑reported symptoms 
survey in the evaluation of hyperacusis. Patients who visited the outpatient department of 
Otolaryngology Head and Neck Surgery and Otological medicine, Affiliated Hospital of Southwest 
Medical University, from January 2019 to March 2021 were divided into a hyperacusis group and 
a normal control group. We measured the loudness discomfort level (LDL) and hearing threshold 
(HT) of the subjects and investigated their self‑reported symptoms. We compared the demographic 
characteristics, loudness discomfort level, and hearing threshold of the two groups and analyzed the 
self‑reported symptoms and audiological characteristics of hyperacusis. We considered 87 subjects, 
comprising 40 patients with hyperacusis and 47 healthy individuals. Among the hyperacusis patients, 
bilateral disease was predominant. Among them, 33 were females, 23 had hearing loss, and 20 had 
tinnitus. Patients are mainly in the 21–60 age group. Patients with hyperacusis had low discomfort 
thresholds at all frequencies except 500 Hz (P ≤ 0.05, mean LDL decreased by 6.14–1.37 dB HL for all 
frequencies). The incidences of feeling upset, pain, and anxiety or fear were 95%, 65%, and 82.5%, 
respectively, in patients with hyperacusis. The severity of symptoms varies between patients with 
hyperacusis and healthy individuals. A combination of LDL measurements and self‑reported symptom 
surveys allows for an accurate and comprehensive assessment of hyperacusis.

Trial registration: This study was retrospectively registered (TRN: ChiCTR2100047391) on June 13, 
2021.

Hyperacusis, a disorder in loudness perception, lacks an internationally unified definition. Symptoms of hypera-
cusis mentioned in previous literature include hypersensitivity, annoyance, discomfort, unbearable fatigue, pain, 
abnormal lowered tolerance, and impairment in day-to-day activities due to environmental  noise1. There are two 
commonly used descriptions of hyperacusis. First, it is thought to be related to sound sensitivity or tolerance, 
which has been described as hypersensitivity to common everyday  sounds2. It can also be interpreted as sounds 
being perceived as moderately loud by those without hyperacusis and too loud by those with  hyperacusis3. 
Hyperacusis has also been described as an abnormal uncomfortable response to sounds in daily  life4, which often 
causes anxiety, fear, and pain, and can cause disruptions in sufferers’ daily lives as they attempt to avoid  sounds1.

Tyler divided hyperacusis into four types according to the sufferers’ general perceptions and associated reac-
tions. Loudness hyperacusis refers to acceptably loud sounds being unacceptably loud to sufferers. Annoyance 
hyperacusis sufferers experience negative emotions towards sound, such as getting distracted and tense. Fear 
hyperacusis is an avoidance behavior that occurs after hearing a sound. Pain hyperacusis involves feeling pain at 
moderately intense  sounds1. However, it is difficult to distinguish the above types, because, in clinical practice, 
patients with hyperacusis often suffer from multiple symptoms.

Consequently, hyperacusis is considered a subjective symptom that is difficult to define and evaluate 
 objectively5. At present, audiology measurements and questionnaires are the most popular hyperacusis assess-
ment methods. The measurement of loudness discomfort level (LDL) is the most commonly used audiologi-
cal method to assess hyperacusis. However, there is no uniform standard for its measurement. Some scholars 
have proposed that LDL lacks sensitivity and specificity and does not fully reflect the subjective symptoms of 
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 hyperacusis6. Several questionnaires assess hyperacusis from different aspects of auditory symptoms, such as the 
Geräuschüberempfindlichkeit (GÜF)7, the Hyperacusis Questionnaire (HQ)5, and the Multiple Activity Scale 
for Hyperacusis (MASH)8. HQ has been widely used in hyperacusis assessment, and its English, Italian, and 
Japanese versions are highly effective and  reliable5,9,10. However, these questionnaires have not been validated in 
Chinese and cannot be easily applied in clinical practice in China.

Clinicians in China face severe challenges in clinical practice, such as a lack of time to interact with patients, 
which necessitates the use of a more convenient method to assess subjective symptoms. In particular, during 
the initial visit, it is difficult to fully understand the patient’s symptoms and make a correct diagnosis. At this 
point, the patient’s self-reported symptoms survey is particularly important. In addition to exploring the patient’s 
tolerance to pure tone loudness in a soundproof chamber, the self-reported symptom survey may better reflect 
the patient’s true tolerance to complex sounds in a non-soundproof environment, i.e., in real-life scenarios.

In this study, we measured subjects’ LDLs and designed a self-reported symptoms survey questionnaire for 
hyperacusis patients. Our survey was designed to explore the clinical characteristics of hyperacusis patients and 
to provide clinicians with a basis for taking medical histories and new ideas for assessing hyperacusis.

Materials and methods
Subjects. This study, which was approved by the Ethics Committee of the Affiliated Hospital of Southwest 
Medical University (registration number: KY2018005) and registered by the Chinese Clinical Trial Registry 
(registration number: ChiCTR2100047391), observed people in the outpatient department of Otolaryngology 
Head and Neck Surgery and Otological medicine, Affiliated Hospital of Southwest Medical University, from 
January 2019 to March 2021. This work is in accordance with the ethical principles stated in the Declaration of 
Helsinki. Data from individuals with an ability to understand audiological testing methods and the question-
naire content were included. People with other serious medical complications or mental illnesses that could not 
cooperate with the trial were excluded. During the study period, patients diagnosed by clinicians as hyperacusis 
were included in the hyperacusis group. And People without tinnitus and hyperacusis were selected as the nor-
mal control group. There was no difference in the composition of subjects in gender and age between the two 
groups. In our study, hyperacusis is defined as discomfort with sounds that the patient did not previously find 
uncomfortable or that are acceptable to most people in daily  life11. All subjects provided informed consent and 
were tested at the Hearing Center, Affiliated Hospital of Southwest Medical University.

Test protocol. Data collection involved two stages. First, participants were required to provide basic infor-
mation, including name, sex, age, chief complaints, and disease course. They then underwent routine audiologi-
cal examinations following the same protocol in a soundproof chamber including pure tone audiometry and 
loudness discomfort levels. The hearing thresholds (HTs) and the LDLs of the participants were measured in 
the order 1, 2, 4, 8, 0.25, and 0.5 kHz. Pure tone audiometry starts at a level at which the participant can hear 
and respond correctly at each frequency, reducing this level (in 10-dB HL steps) until the participant does not 
respond, and then increasing the level (in 5-dB HL steps) until the participant can respond. If the tester decreases 
and increases the hearing level five times and the participant responds more than three times at the same hearing 
level, this is recorded as the hearing threshold level. Hearing loss is considered the average hearing threshold 
(0.5, 1, 2, and 4 kHz) > 25 dB HL. The method of LDL is fully explained to the participant before the test, and 
the participant is told to react if he is uncomfortable and cannot accept the sound level. The measure of LDL 
starts from the hearing threshold level and gradually increases (in 5-dB HL steps). When the participant feels 
uncomfortable, the result is recorded as their LDL. If the person does not feel uncomfortable after reaching the 
maximum audiometer output, we define their LDL as the maximum output level (100, 120, 120, 120, 120, and 
105 dB HL for 0.25, 0.5, 1, 2, 4, and 8 kHz, respectively) plus 5-dB  HL6.

The second stage was a self-reported symptoms survey questionnaire consisting of eight items. In order 
to quickly understand the characteristics of hyperacusis patients during the consultation, the questionnaire 
items were limited and concise. It aimed to provide a comprehensive understanding of the important subjec-
tive symptom characteristics of patients with hyperacusis. To create this questionnaire, we tried to extract the 
experiences of hyperacusis patients from the previous literature, based on which seven items were selected for 
consideration. As the purpose of the questionnaire was to collect only the patients’ subjective symptoms, there 
was no dimensional division in the questionnaire design process. The contents of the questionnaire included: 1. 
expressed unacceptability of previously acceptable sounds; 2. could not tolerate sounds in daily life; 3. wanted 
to avoid exposure to sounds; 4. became upset about sounds in daily life; 5. became afraid of sounds in daily 
life; 6. experienced pain due to sounds in daily life; and 7. types of sounds. Five otolaryngology-head and neck 
surgeons were invited to review the questionnaire content and presentation. Given that hyperacusis and tinnitus 
are closely related and often coexist in clinical practice, the clinicians suggested adding an item to differentiate 
which disorder predominates in patients suffering from both conditions. Hyperacusis is a symptom of discomfort 
with external sounds, and when it is predominant, patients tend to prefer a quiet environment. In contrast, tin-
nitus is a self-induced ringing in the ear or head without a corresponding sound source, and when predominant, 
patients tend to prefer a slightly noisy environment. Upon completion of this phase, we generated an eight-item 
self-reported symptoms survey questionnaire.

The questionnaire included one binary question regarding the dominance of hyperacusis or tinnitus (item 1), 
one multiple-choice question about the type of sensitive sound (item 5), and six self-evaluation items (items 2, 3, 
4, 6, 7, and 8). The answers in the above six items were given on a 4-point scale including no (scoring 0 points), 
yes, a little (scoring 1 point), yes, quite a lot (scoring 2 points), and yes, a lot (scoring 3 points). The sample size 
consisted of 87 subjects, 40 hyperacusis patients and 47 healthy individuals. After obtaining verbal consent, the 
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subjects anonymously filled out the questionnaire. No respondents indicated difficulties in understanding the 
questionnaire, which was tested for reliability.

Data analysis and statistical tests. We used SPSS 25.0 and Excel to build the database and analyze 
the data. Descriptive statistical analyses were reported, especially frequency, summation, mean, and standard 
deviation. T-test, Chi-Square test, and rank-sum test were used to compare demographic characteristics, ques-
tionnaire results, LDLs, and HTs between the two groups. Different measurement methods were reported by 
P-values, and the P-value for assessing statistical significance was an alpha of 0.05.

Results
General information. A total of 87 cases were considered in this study, of which 40 were hyperacusis 
patients and 47 were controls. There was no statistically significant difference between the two groups in terms 
of gender and age (P > 0.05). The basic characteristics of the subjects, including sex, age, hearing loss, tinnitus, 
affected side and the disease course, are summarized in Table 1. There were 63 ears with hyperacusis and 17 ears 
without hyperacusis in the hyperacusis patients. During the first visit, the complaints of hyperacusis patients 
were not all sensitivity to sound. Among the 40 people with hyperacusis, the incidences of chief complaints i.e., 
tinnitus, sensitivity to sound, self-reported hearing loss, earache, aural fullness, vertigo, and otorrhea, at the time 
of their first visit were ranked from highest to lowest (Table 2).

Audiological test results. LDLs and HTs were measured in the hyperacusis and control groups, and the 
mean and standard deviation of each frequency were calculated. Interestingly, the mean LDLs at 0.25 kHz and 
8 kHz were lower in patients and controls compared to the mean LDLs at other frequencies (Fig. 1). The hypera-
cusis group had a normal mean HTs (≤ 25 dB HL) in the 0.25 kHz to 4 kHz range and mild hearing loss at 
8 kHz (Table 3). In contrast, the control group had normal mean HTs at all frequencies (Table 3). Compared 

Table 1.  Characteristics of subjects.

Characteristics Hyperacusis N = 40(%) Normal N = 47(%) P-value

Sex
Female 33 (82.5) 37 (78.7) 0.658

Male 7 (17.5) 10 (21.3)

Age(years)

≤ 20 5 (12.5) 5 (10.6) 0.181

21–40 16 (40) 24 (51.1)

41–60 15 (37.5) 18 (38.3)

61–80 4 (10) 0 (0)

Disease course (months)

≤ 3 21 (52.5)

4–6 5 (12.5)

7–12 8 (20)

> 12 5 (12.5)

Uncertain 1 (2.5)

Affected side

Right 5 (12.5)

Left 12 (30)

Bilateral 23 (57.5)

Hearing loss
Yes 23 (57.5)

No 17 (42.5)

Tinnitus
Yes 20 (50)

No 20 (50)

Table 2.  Complaints of patients with hyperacusis at visit one.

Chief complaint N = 40(%)

Sensitivity to sound 9 (22.5)

Tinnitus 15 (37.5)

Tinnitus and self-reported hearing loss 5 (12.5)

Self-reported hearing loss 2 (5)

Aural fullness 3 (7.5)

Earache 4 (10)

Vertigo 1 (2.5)

Otorrhea 1 (2.5)
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to the controls, the mean LDL decreased by 6.14–1.37 dB HL for all frequencies in our hyperacusis group, but 
the mean HT increased by 5.83–4.01 dB HL for all frequencies (Table 3). The minimum decrease in mean LDL 
was observed for the 0.5 kHz frequency, while the maximum decrease in mean LDL was observed for the 8 kHz 
frequency. Patients with hyperacusis patients had lower LDLs compared to the control group at all frequencies 
except 500 Hz (P ≤ 0.05, Table 3). Hearing thresholds were higher in those with hyperacusis compared with the 
controls at all frequencies, and the differences were statistically significant (P < 0.05, Table 3).

Self‑reported symptom survey. The self-reported symptoms survey questionnaire had good readability, 
which was analyzed using items 2, 3, 4, 6, 7, and 8 with Cronbach alpha coefficients of 0.934. The results of the 
self-reported symptoms survey questionnaire are presented in Table 4. All (100%) of hyperacusis sufferers prefer 
to be in a quiet environment, even those with tinnitus (item 1). Items 2 and 3 were used as diagnostic criteria for 
hyperacusis. Patients with hyperacusis were all uncomfortable with sounds that had not previously been found 
to be uncomfortable or acceptable to most patients in daily life (item 2.3). Item 4.6.7.8 shows the effect and emo-
tional response of hyperacusis on the patient. In item 4, 39 patients chose to avoid sound to avoid the discomfort 
caused by hyperacusis. The incidence of upset, pain, and anxiety or fear were 95%, 65% and 82.5% respectively 
in patients with hyperacusis (item 6.7.8). Symptoms vary between patients with hyperacusis, the most com-
mon being upset and avoidance behaviors. Item 5 categorized the sounds that the subjects felt discomfort with 
into any sound and specific sounds, and the results showed that 13 hyperacusis patients felt discomfort with 
any sound. 27 hyperacusis patients were only sensitive to specific sounds, such as a car horn, tapping of metal, 
rumbling of a machine, children crying, a mobile phone, and speakers and televisions (item 5). Hyperacusis 
patients who were uncomfortable with all sounds answered yes to item 2.3.4.6, and they answered yes to item 7.8 
at a higher rate than hyperacusis patients who were uncomfortable with specific sounds. These 13 hyperacusis 
patients presented with seemingly more negative reactions than other hyperacusis patients.

The control group did not experience discomfort with sounds that are acceptable to most people in their daily 
lives or that were previously acceptable. Some controls in Table 4 who preferred to stay in a quiet environment 
also felt uncomfortable with some high-frequency sounds, such as a car horn, metal tapping, and children cry-
ing. Even in the control group without hyperacusis, some subjects felt upset, anxious, fearful, painful and even 
wanted to avoid hearing the sound after hearing the high-frequency sound. However, the distribution of each 
symptom severity was different between the two groups.

Figure 1.  Hearing thresholds (HTs) and loudness discomfort levels (LDLs). (a) Average HTs (gray) and LDLs 
(black) of the hyperacusis group. Error bars denote ± 1 SD. (b) Average HTs (gray) and LDLs (black) of the 
normal group. Error bars denote ± 1 SD.

Table 3.  Comparison of the average LDLs and HTs for the hyperacusis and normal groups at different 
frequencies (Note. The number of ears included in each analysis is indicated by n. ).

250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 0.5-4 kHz

LDLs (SD)

Hyperacusis 
n = 63 100.08 (7.16) 109.37 

(11.38)
110.32 
(13.01)

109.21 
(12.99)

106.83 
(14.57) 99.76 (12.23) 108.92 (12.32)

Normal n = 94 102.18 (6.37) 110.74 
(11.07)

114.26 
(12.00)

113.83 
(12.69)

111.65 
(12.10) 105.90 (8.10) 112.62 (11.30)

P-value 0.003 0.315 0.034 0.009 0.031  < 0.001 0.05

HTs (SD)

Hyperacusis 
n = 80 22.41 (13.06) 20.51 (13.65) 20.37 (17.93) 19.75 (13.42) 19.75 (13.84) 26.14 (19.51) 19.78 (12.28)

Normal n = 94 17.77 (9.49) 14.68 (8.70) 14.57 (12.78) 15.48 (13.06) 15.74 (15.28) 20.53 (17.85) 15.12 (11.52)

P-value 0.004  < 0.001 0.004 0.003 0.004 0.022  < 0.001
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Discussion
In this study, HTs and LDLs values were measured in 87 subjects, and a self-reported symptoms survey question-
naire was collected. Similar to previous  results12–16, our study shows that the prevalence of these conditions is 
higher in females than in males. Being female may be a risk factor for hyperacusis. In studies on the incidence 
of hyperacusis in the general population, the average age fluctuates between 35 and 57.8  years14,16,17, which is 
consistent with our study.

Most hyperacusis is  bilateral18. 42.5% of patients with hyperacusis were unilateral in our study. The literature 
finds unilateral hyperacusis to be caused by a unilateral trigger such as acoustic shock and unilateral specific 
nerve  injury19. Although the cause of hyperacusis is unknown for most patients, there are several diseases and 
syndromes associated with the condition, such as migraine, head injury, Williams syndrome, autism, myasthenia 
gravis, and middle cerebral  aneurysm1. However, none of these diseases were found in our history survey of 

Table 4.  self-reported symptoms survey.

Item Hyperacusis N = 40(%) Normal N = 47(%) P-value

1. Do you prefer quiet or slightly noisy environments?

 Noisy 0 (0) 0 (0)

 Quiet 40 (100) 47 (100)

2. Are you uncomfortable with some everyday sounds you were comfortable with earlier? < 0.001

 No 2 (5) 47 (100)

 Yes, a little 20 (50) 0 (0)

 Yes, quite a lot 13 (32.5) 0 (0)

 Yes, a lot 5 (12.5) 0 (0)

3. Do you find the everyday sounds in certain settings, such as streets, restaurants, KTV, wet markets, bars, bus stations, or concerts, are uncomfortably loud? < 0.001

 No 3 (7.5) 47 (100)

 Yes, a little 18 (45) 0 (0)

 Yes, quite a lot 9 (22.5) 0 (0)

 Yes, a lot 10 (25) 0 (0)

4. Are there everyday sounds you wish you could avoid? < 0.001

 No 1 (2.5) 41 (87.2)

 Yes, a little 20 (50) 6 (12.8)

 Yes, quite a lot 12 (30) 0 (0)

 Yes, a lot 7 (17.5) 0 (0)

5. Are you uncomfortable with the everyday sounds mentioned below? 0.02

 All sounds 13 (32.5) 0 (0)

 Particular sounds

  Traffic/vehicle noise 17 (42.5) 9 (19.1)

  Metal hammering 17 (42.5) 9 (19.1)

  Children crying/noisy crowd 16 (40) 12 (25.5)

  Machines starting 16 (40) 0 (0)

  Mobile phones, speakers, or televisions 11 (27.5) 0 (0)

  Water flowing 2 (5) 0 (0)

  Drumming 2 (5) 0 (0)

  Blowing your nose 0 (0) 0 (0)

6. Do you get upset when you hear noises or everyday sounds? < 0.001

 No 2 (5) 32 (68.1)

 Yes, a little 23 (57.5) 15 (31.9)

 Yes, quite a lot 11 (27.5) 0 (0)

 Yes, a lot 4 (10) 0 (0)

7. Do you experience anxiety or fear when you hear noises or everyday sounds? < 0.001

 No 7 (17.5) 42 (89.4)

 Yes, a little 22 (55) 5 (10.6)

 Yes, quite a lot 8 (20) 0 (0)

 Yes, a lot 3 (7.5) 0 (0)

8. Do you experience pain when you hear a noise or every day sound, such as a headache or earache? < 0.001

 No 14 (35) 44 (93.6)

 Yes, a little 11 (27.5) 3 (6.4)

 Yes, quite a lot 10 (25) 0 (0)

 Yes, a lot 5 (12.5) 0 (0)
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patients with unilateral hyperacusis. At present, the pathogenesis of hyperacusis has not been fully explained, 
but many scholars support abnormal auditory central  gain20,21.

Our results show that subjects with hyperacusis often arrive at the clinic with tinnitus as the main complaint 
and that the prevalence of hearing loss and tinnitus is high among patients. The literature shows that the preva-
lence of hyperacusis in tinnitus patients can be 7.3–80%15,22,23, and the prevalence of tinnitus in hyperacusis 
can be 86%24. There is also a high probability of the simultaneous occurrence of hyperacusis and tinnitus. Some 
scholars believe that hyperacusis is a precursor of  tinnitus25. Although hyperacusis and tinnitus are independent 
symptoms, they are subjective and often accompany each other, making it difficult for patients to distinguish 
between them. They can only be evaluated and differentiated through symptom surveys.

LDL measurement is one of the commonly used assessment methods for hyperacusis. Some studies have 
shown that LDLs below 100 dB HL might indicate  hyperacusis26. Some experts report that an LDL at or above 
80 dB HL is the normal range, while those lower than 80 dB HL at 0.5 and 2 kHz or lower than 75 dB HL at 4 kHz 
are  abnormal27. In addition, Hashir Aazh proposed that the diagnostic criteria for hyperacusis are based on LDL: 
the lower average LDL of each ear at 0.25, 0.5, 1, 2, 4, and 8 kHz should be ≤ 77 dB  HL28. There is no unified 
standard for the threshold value of LDL indicating hyperacusis. Previous studies also indicate that the sensitivity 
and specificity of LDL as a measurement indicator are  poor6. Concurrently, the accurate acquisition of LDL is 
affected by subjective factors, such as the patient’s understanding of the test method and the level of cooperation 
between the examiner and the subject. In our data, the average LDL of each frequency of hyperacusis is > 90 dB 
HL, which may indicate hyperacusis. The true tolerance of patients in a non-soundproof room environment, or 
under complex sounds in real life, may not be easily restored by testing methods through the single-frequency 
pure tone. LDL, as an indicator of tolerance to pure tone loudness measured in a soundproof chamber, may not 
accurately reflect a patient’s true tolerance in daily life.

Hyperacusis is not only a problem of tolerance to sound intensity, but also involves emotional, social, and 
psychological effects. LDL is the maximum sound that can be tolerated, and it does not fully reflect the hypera-
cusis symptoms. The main content of the current popular questionnaire for hyperacusis assessment involves its 
impact on the attention, social activity, and emotions of sufferers, and the degree of annoyance in a particular 
living  environment5,7,8. The self-reported symptoms survey questionnaire designed for this study captures the 
important hyperacusis clinical feature, and its main purpose is to collect the patient’s medical history rather 
than to assess hyperacusis severity. The questionnaire has a Cronbach alpha coefficient > 0.9, with high internal 
consistency and stability of the results. While completing the questionnaire, subjects self-assessed their symptoms 
to provide an understanding of the severity of each. The questionnaire provides a simple way to quickly identify 
tinnitus and hyperacusis and guidance to clinicians by collecting a comprehensive history in as short a time as 
possible. Tyler classified hyperacusis as loudness, annoyance, fear, and pain hyperacusis, and suggested that the 
emotional aspect of hyperacusis should be treated differently from its loudness  aspect1. The loudness aspect of 
hyperacusis, i.e., the ability to tolerate sound, can be objectively measured by LDL. In contrast, the emotional 
aspects of hyperacusis can only be collected through questionnaires. The self-reported symptoms survey ques-
tionnaire designed in this study includes the subjective and the differential symptoms. Therefore, a combination 
of objective and subjective assessment methods provides a more comprehensive view of hyperacusis.

This study has several limitations. First, its limited sample size may influence the results, and the advantages 
of combined assessment should be demonstrated in a larger population. The newly proposed self-reported 
symptom surveys cannot evaluate the severity of hyperacusis, so we should further explore the Chinese version 
of a hyperacusis questionnaire suitable for medical environments in China.

Conclusion
This study reports on the assessment of loudness discomfort levels and self-reported symptoms for hyperacusis. 
The measurement of LDL reflects sound tolerance and the questionnaire emphasizes the subjective symptoms of 
hyperacusis patients. Therefore, combining self-reported symptoms and LDL may provide a more comprehensive 
response to hyperacusis.

Data availability
All data generated or analyzed during this study are included within the article. The raw data are available in the 
Chinese Clinical Trial Registry. (TRN: ChiCTR2100047391).

Received: 30 June 2022; Accepted: 20 January 2023

References
 1. Tyler, R. S. et al. A review of hyperacusis and future directions: part I. Definitions and manifestations. Am. J. Audiol. 23(4), 402–419 

(2014).
 2. Hébert, S., Fournier, P. & Noreña, A. The auditory sensitivity is increased in tinnitus ears. J. Neurosci. 33(6), 2356–2364 (2013).
 3. Danesh, A. A. et al. Tinnitus and hyperacusis in Autism spectrum disorders with emphasis on high functioning individuals diag-

nosed with Asperger’s Syndrome. Int. J. Pediatr. Otorhinolaryngol. 79(10), 1683–1688 (2015).
 4. Aazh, H., Moore, B. C., Lammaing, K. & Cropley, M. Tinnitus and hyperacusis therapy in a UK National Health Service audiology 

department: Patients’ evaluations of the effectiveness of treatments. Int. J. Audiol. 55(9), 514–522 (2016).
 5. Khalfa, S. et al. Psychometric normalization of a hyperacusis questionnaire. ORL J. Otorhinolaryngol. Relat. Spec. 64(6), 436–442 

(2020).
 6. Sheldrake, J., Diehl, P. U. & Schaette, R. Audiometric characteristics of hyperacusis patients. Front. Neurol. 6, 105 (2015).
 7. Nelting, M., Rienhoff, N. K., Hesse, G. & Lamparter, U. The assessment of subjective distress related to hyperacusis with a self-rating 

questionnaire on hypersensitivity to sound. Laryngorhinootologie. 81(5), 327–334 (2002).
 8. Dauman, R. & Bouscau-Faure, F. Assessment and amelioration of hyperacusis in tinnitus patients. Acta Otolaryngol. 125(5), 

503–509 (2005).



7

Vol.:(0123456789)

Scientific Reports |         (2023) 13:1522  | https://doi.org/10.1038/s41598-023-28570-8

www.nature.com/scientificreports/

 9. Kumagaya, S., Ayaya, S., Takenaga, T., Onuma, H. & Nakamura, K. Prevalence and risk factors for hyperacusis in general college 
students. Audiology 56(3), 234–242 (2013).

 10. Fioretti, A. et al. Validity of the Italian version of Khalfa’s questionnaire on hyperacusis. Acta Otorhinolaryngologica Italica 35(2), 
110–115 (2015).

 11. Liu, P. et al. Clinical features of acoustic hypersensitivity and its relationship with tinnitus. West China Med. J. 4, 71–75 (2017).
 12. Widén, S. E. & Erlandsson, S. I. Self-reported tinnitus and noise sensitivity among adolescents in Sweden. Noise Health. 7(25), 

29–40 (2004).
 13. Hannula, S., Bloigu, R., Majamaa, K., Sorri, M. & Mäki-Torkko, E. Self-reported hearing problems among older adults: Prevalence 

and comparison to measured hearing impairment. J. Am. Acad. Audiol. 22(8), 550–559 (2011).
 14. Paulin, J., Nordin, M., Nyback, M. H. & Nordin, S. Associations between hyperacusis and psychosocial work factors in the general 

population. Int. Arch. Occup. Environ. Health. 92(1), 59–65 (2019).
 15. Cederroth, C. R. et al. Association between hyperacusis and tinnitus. J. Clin. Med. 9(8), 869 (2009).
 16. Paulin, J., Andersson, L. & Nordin, S. Characteristics of hyperacusis in the general population. Noise Health. 18(83), 178–184 

(2016).
 17. Andersson, G., Lindvall, N., Hursti, T. & Carlbring, P. Hypersensitivity to sound (hyperacusis): A prevalence study conducted via 

the Internet and post. Int. J. Audiol. 41(8), 545–554 (2002).
 18. Baguley, D. M. & Hoare, D. J. Hyperacusis: Major research questions. HNO 66(5), 358–363 (2018).
 19. Boucher, O. et al. Hyperacusis following unilateral damage to the insular cortex: A three-case report. Brain Res. 1606, 102–112 

(2015).
 20. Auerbach, B. D., Rodrigues, P. V. & Salvi, R. J. Central gain control in tinnitus and hyperacusis. Front. Neurol. 5, 206 (2014).
 21. Knipper, M., Van Dijk, P., Nunes, I., Rüttiger, L. & Zimmermann, U. Advances in the neurobiology of hearing disorders: Recent 

developments regarding the basis of tinnitus and hyperacusis. Prog. Neurobiol. 111, 17–33 (2013).
 22. Guimarães, A. C. et al. Study of the relationship between the degree of tinnitus annoyance and the presence of hyperacusis. Braz. 

J. Otorhinolaryngol. 80(1), 24–28 (2014).
 23. Hiller, W. & Goebel, G. Factors influencing tinnitus loudness and annoyance. Arch. Otolaryngol.-Head Neck Surg. 132(12), 1323–

1330 (2006).
 24. Anari, M., Axelsson, A., Eliasson, A. & Magnusson, L. Hypersensitivity to sound–questionnaire data, audiometry and classification. 

Scand Audiol. 28(4), 219–230 (1999).
 25. Jastreboff, P. J. & Hazell, J. W. A neurophysiological approach to tinnitus: Clinical implications. Br. J. Audiol. 27(1), 7–17 (1993).
 26. Henry, J. A., Jastreboff, M. M., Jastreboff, P. J., Schechter, M. A. & Fausti, S. A. Assessment of patients for treatment with tinnitus 

retraining therapy. J. Am. Acad. Audiol. 13(10), 523–544 (2002).
 27. Aazh, H. & Moore, B. C. J. Incidence of discomfort during pure-tone audiometry and measurement of uncomfortable loudness 

levels among people seeking help for tinnitus and/or hyperacusis. Am. J. Audiol. 26(3), 226–232 (2017).
 28. Aazh, H. & Moore, B. C. J. Factors related to uncomfortable loudness levels for patients seen in a tinnitus and hyperacusis clinic. 

Int. J. Audiol. 56(10), 793–800 (2017).

Acknowledgements
I wish to thank Yan Xiao, Jun-mei Pu and Lu Liu for advice on experimental design. Funding from the Sichuan 
Province Administration of Traditional Chinese Medicine (Grant No. 2018KF019) and the Doctoral Research Ini-
tiation Fund of Affiliated Hospital of Southwest Medical University (Grant No. 19028) is gratefully acknowledged.

Author contributions
D.L., T.X. had the idea for the article. Y.H., T.X., F.J., J.R. and T.X. organized the database. Y.H. and T.X. drafted 
the work. D.L. critically revised the work. All authors contributed to the study conception, design, read, and 
approved the final manuscript.

Funding
This study was supported by the Sichuan Province Administration of Traditional Chinese Medicine (Grant No. 
2018KF019) and the Doctoral Research Initiation Fund of Affiliated Hospital of Southwest Medical University 
(Grant No. 19028). The funders had no role in study design, data collection and analysis, the decision to publish, 
or manuscript preparation.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to D.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Combined evaluation of audiology examination and self-reported symptoms in patients with hyperacusis
	Materials and methods
	Subjects. 
	Test protocol. 
	Data analysis and statistical tests. 

	Results
	General information. 
	Audiological test results. 
	Self-reported symptom survey. 

	Discussion
	Conclusion
	References
	Acknowledgements


