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Abstract 23 

Objective: The aim was to assess the internal consistency and convergent and discriminant 24 

validity of a new questionnaire for hyperacusis, the Inventory of Hyperacusis Symptoms 25 

(IHS; Greenberg & Carlos 2018), using a clinical population.  26 

Design: This was a retrospective study. Data were gathered from the records of 100 27 

consecutive patients who sought help for tinnitus and/or hyperacusis from an audiology clinic 28 

in the UK. The average age of the patients was 55 years (standard deviation, SD = 13 years). 29 

Audiological measures were the Pure Tone Average threshold (PTA) and Uncomfortable 30 

Loudness Levels (ULL). Questionnaires administered were: IHS, Tinnitus Handicap 31 

Inventory (THI), Hyperacusis Questionnaire (HQ), Insomnia Severity Index (ISI), 32 

Generalized Anxiety Disorder (GAD-7), and Patient Health Questionnaire (PHQ-9). 33 

Results: Cronbach's alpha for the 25-item IHS questionnaire was 0.96. Neither the total IHS 34 

score nor scores for any of its five subscales were correlated with the PTA of the better or 35 

worse ear. This supports the discriminant validity of the IHS, as hyperacusis is thought to be 36 

independent of the PTA. There were moderately strong correlations between IHS total scores 37 

and scores for the HQ, THI, GAD-7, and PHQ-9, with r = 0.58, 0.58, 0.61, 0.54, respectively. 38 

Thus, although IHS scores may reflect hyperacusis itself, they may also reflect the co-39 

existence of tinnitus, anxiety and depression. The total score on the IHS was significantly 40 

different between patients with and without hyperacusis (as diagnosed based on ULLs or HQ 41 

scores). Using the HQ score as a reference, the area under the receiver operating 42 

characteristic for the IHS was 0.80 (95% confidence interval CI: 0.71-0.89) and the cut-off 43 

point of the IHS with highest overall accuracy was 56/100. The corresponding sensitivity and 44 

specificity were 74% and 82%.  45 

Conclusions: The IHS has good internal consistency and reasonably high convergent 46 

validity, as indicated by the relationship of IHS scores to HQ scores and ULLs, but IHS 47 

scores may also partly reflect the co-occurrence of tinnitus, anxiety and depression. We 48 

propose an IHS cut off score of 56 instead of 69 for diagnosing hyperacusis.  49 

   50 
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   INTRODUCTION 53 

Hyperacusis is intolerance of certain everyday sounds, causing significant distress and 54 

impairment in social, occupational, recreational, and other day-to-day activities (Aazh et al. 55 

2016). The sounds may be perceived as uncomfortably loud, unpleasant, frightening, or 56 

painful (Tyler et al. 2014). Tinnitus is the perception of sound without any external acoustic 57 

sound source. About 55% of patients with tinnitus also report having hyperacusis 58 

(Schecklmann et al. 2014). The co-occurrence of tinnitus and hyperacusis was first 59 

highlighted by Tyler and Conrad Armes (1983).  60 

Hyperacusis is typically diagnosed using questionnaires. The most commonly used 61 

questionnaires are the Hyperacusis Questionnaire (HQ) (Khalfa et al. 2002) and the multiple 62 

activity scale for hyperacusis (MASH) (Dauman & Bouscau-Faure 2005). The validity and 63 

reliability of the HQ have been questioned by a number of authors (Fackrell et al. 2015; 64 

Wallen et al. 2012; Meeus et al. 2010; Fackrell & Hoare 2018). Greenberg and Carlos (2018) 65 

pointed out some limitations of both the HQ and MASH. They argued that the reliability and 66 

validity of the HQ were unclear and that only 4 of the 14 HQ questions are actually related to 67 

hyperacusis. They also pointed out that the MASH has not yet been evaluated for internal 68 

consistency, reliability or construct validity. They argued that a reliable and valid 69 

questionnaire was needed to provide improved information about hyperacusis severity and 70 

differentiation from related categories of heightened auditory sensitivity disorders. Such a 71 

questionnaire would also allow clinicians and researchers to assess the efficacy of therapeutic 72 

interventions and to evaluate the subjective experience of those suffering from hyperacusis. 73 

They introduced a new questionnaire, the Inventory of Hyperacusis Symptoms (IHS; 74 

Greenberg & Carlos 2018), that was intended to achieve these goals. It consists of 25 75 

questions and response choices are made on a four-point Likert scale. Hence, the maximum 76 

possible score is 100. The authors developed the final questionnaire from a pool of 58 77 

questions, which were created based on qualitative analysis of interviews with five 78 

professional audiologists, analysis of patients’ posts about sound intolerance to an online 79 

support group, a review of the research literature, and current psychometric instruments, e.g. 80 

the HQ, the Geräuschüberempfindlichkeit (GÜF) (Nelting et al. 2002), the MASH, and 81 

clinical interview forms (Henry et al. 2003; Jastreboff & Jastreboff 2000).  82 

The psychometric properties of the IHS were assessed for 450 participants who were 83 

members of online tinnitus and hyperacusis support groups from 37 countries (Greenberg & 84 

Carlos 2018). The mean age of the participants was 35 years (SD = 1.6 years). Participants 85 

had to complete several questionnaires online, comprising: the IHS, the Patient Health 86 
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Questionnaire-4 (PHQ-4) (Lowe et al. 2010), and the World Health Organization WHOQOL-87 

BREF quality of life questionnaire (The WHOQOL Group 1998). Participants were also 88 

asked to rate:  89 

(1) The severity of their auditory sensitivity (“Not a problem”, A little problem”, “Somewhat 90 

of a problem”, Quite a big problem”, “An extreme problem”.   91 

(2) Their hearing difficulties (“None”, “Mild”, “Moderate”, “Severe”, “Profound”)      92 

(3) The severity of their tinnitus (“None”, “Mild”, “Moderate”, “Severe”, “Extreme”)  93 

The test-retest reliability of the IHS was good, with Cronbach's alpha = 0.93. Mild or 94 

greater hearing loss was reported by about 50% of participants and 80% reported tinnitus. 95 

Based on PHQ-4 scores, 75% of participants presented with symptoms of anxiety or 96 

depression. Greenberg and Carlos (2018) reported that the IHS has five dimensions/subscales 97 

(referred to as factors throughout this manuscript): (1) General loudness (items 1, 2, 21), (2) 98 

Emotional arousal (items 3-6, 17), (3) Psychosocial (items 12-16, 22-25), (4) Functional 99 

impact (items 7-11), (5) Communication (18-20). Construct validity was demonstrated 100 

through correlations between IHS total scores and scores for the PHQ-4 (r = 0.54) and 101 

WHOQOF-BREF (r = 0.54). The mean IHS total score was 75 (SD = 15) and it was 102 

proposed that a score ≥69 indicates the presence of hyperacusis.     103 

There were some limitations of the study of Greenberg and Carlos (2018), specifically: 104 

the study population may not have been typical of those who are treated for hyperacusis in 105 

clinical practice, as they were recruited from an online forum. It is important to test the 106 

psychometric properties of instruments like the IHS in the population of interest (Mokkink et 107 

al. 2010). Additionally, hearing tests were not conducted; no questionnaires assessing the 108 

severity of hyperacusis were administered other than the IHS; and the severity of tinnitus was 109 

not assessed with a validated questionnaire. Such measures can be used to assess the 110 

convergent and discriminant validity of the IHS (Foster & Cone 1995).  111 

The goal of the present study was to assess the reliability and convergent and 112 

discriminant validity of the IHS for a population seeking help for tinnitus and/or hyperacusis 113 

for whom hearing thresholds had been measured and for whom the results of a wide range of 114 

validated questionnaires were available, including questionnaires assessing tinnitus and 115 

hyperacusis. Another goal was to assess whether the proposed cut off IHS score of 69 for 116 

diagnosing hyperacusis gives outcomes consistent with the cut off scores for other tests used 117 

to diagnose hyperacusis, specifically, the HQ and uncomfortable loudness levels (ULLs).  118 

 119 
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METHODS 120 

Ethical Approval  121 

The study was registered and approved as a clinical audit by the Quality Governance 122 

Department at the Royal Surrey County Hospital (RSCH). Further analysis of the data was 123 

approved by the South West-Cornwall and Plymouth Research Ethics Committee and the 124 

Research and Development department at the RSCH.   125 

 126 

Study Design and Patients  127 

This was a retrospective cross-sectional study conducted at the Tinnitus and Hyperacusis 128 

Therapy Specialist Clinic (THTSC), RSCH, Guildford, UK, which is funded by the UK 129 

National Health Service. Data were included for consecutive patients who attended the 130 

THTSC within a three-month period for whom the IHS had been completed (n = 100). The 131 

average age of the patients was 55 years (SD = 13 years, age range 21 to 81 years).     132 

Demographic data for the patients, results of their audiological investigations and the 133 

outcomes of their self-report questionnaires were imported from their records held at the 134 

Audiology Department. All questionnaires were completed prior to the start of any treatment, 135 

at each patient’s first visit to the clinic. Patients completed the questionnaires in the clinic 136 

waiting area without involvement of their audiologist.   137 

 138 

Audiological Measures 139 

Audiological measures were: 140 

(1) Pure tone audiogram measured using the procedure recommended by the British Society 141 

of Audiology (BSA 2011a), but with some modifications proposed by Aazh and Moore 142 

(2017c) to avoid any discomfort. The starting presentation level at 0.25, 0.5, 2, 3, 4, 6, and 8 143 

kHz was equal to the measured audiometric threshold at the adjacent frequency (e.g., if the 144 

threshold at 1 kHz was 20 dB HL, the starting level for measuring the threshold at 2 kHz was 145 

20 dB HL, instead of 50 dB HL as recommended by the BSA). The severity of hearing loss 146 

was categorized based on the values of the pure-tone average (PTA) across the frequencies 147 

0.25, 0.5, 1, 2, and 4 kHz, as recommended by the British Society of Audiology (BSA 148 

2011a): Mild (20– 40 dB HL), Moderate (41 – 70 dB HL), Severe (71 – 95 dB HL) and 149 

Profound (over 95 dB HL).  150 

(2) Uncomfortable Loudness Levels (ULLs) measured following the BSA recommended 151 

procedure (BSA 2011b), but with the modifications proposed by Aazh and Moore (2017c), to 152 

avoid any discomfort. The instructions were “I will gradually make the sound louder in your 153 
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ear, and you must press the button (or raise your hand) as soon as the sound becomes 154 

uncomfortable (uncomfortably loud). This is not a test to find the loudest sound you can 155 

tolerate; it is a test to find what level of sound you find uncomfortable. You should press the 156 

button (or raise your hand) only when the sound becomes uncomfortable; but make sure you 157 

press (raise) it as soon as the sound reaches that level.” The starting presentation level was 158 

equal to the measured audiometric threshold at the test frequency. In addition, levels above 159 

80 dB HL were not used. If the ULL was not reached at 80 dB HL, the ULL at the test 160 

frequency was recorded as 85 dB HL. The across-frequency average (0.25, 0.5, 1, 2, 3, 4, 6, 161 

and 8 kHz) ULL for the ear with lower average ULL is denoted ULLmin. When ULLmin 162 

was ≤77 dB HL, hyperacusis was deemed to be present (Aazh & Moore 2017b).  163 

 164 

Inventory of Hyperacusis Symptoms  165 

The IHS has 25 items and the response choices are "not at all" (1 point), "a little" (2 166 

points), "somewhat" (3 points), and "very much so" (4 points). The overall score ranges from 167 

25 to 100. Greenberg and Carlos (2018) proposed that scores between 69 and 79 indicate 168 

hyperacusis, scores between 80 and 88 indicate severe hyperacusis and scores ≥89 indicate 169 

very severe hyperacusis.   170 

 171 

Other Self-Report Questionnaires    172 

The rationale for using the questionnaires listed here is explained under “Data Analyses”.  173 

(1) Hyperacusis Questionnaire (HQ; Khalfa et al. 2002) 174 

The HQ comprises 14 items and the response choices are "no" (0 points), "yes, a little" (1 175 

point), "yes, quite a lot" (2 points), and "yes, a lot" (3 points). Cronbach’s alpha for the 176 

English version of the HQ is 0.88 (Fackrell et al. 2015). The overall score ranges from 0 to 177 

42. Scores of 22 or more were taken as indicating the presence of hyperacusis (Aazh & 178 

Moore 2017b).     179 

(2) Tinnitus Handicap Inventory (THI; Newman et al. 1996) 180 

The THI has 25 items, and response choices are "no" (0 points), "sometimes" (2 points) 181 

and "yes" (4 points). Cronbach’s alpha for the THI is 0.93 (Baguley & Andersson 2003). The 182 

overall score ranges from 0 to 100. Scores from 0–16 indicate no handicap, scores from 18–183 

36 indicate mild handicap, scores from 38–56 indicate moderate handicap, and scores from 184 

58–100 indicate severe handicap (Newman et al. 1998).  185 

(3) Insomnia Severity Index (ISI; Bastien et al. 2001) 186 
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The ISI comprises seven items that assess the severity of sleep difficulties and their effect 187 

on the patient’s life. Cronbach’s alpha for the ISI is 0.74 (Bastien et al. 2001). Each item is 188 

rated on a scale from 0 to 4 and the total score ranges from 0 to 28. Scores from 0-7 indicate 189 

no clinically significant insomnia, scores from 8-14 indicate slight insomnia, scores from 15-190 

21 indicate moderate insomnia, and scores from 22-28 indicate severe insomnia (Bastien et 191 

al. 2001).  192 

 (4) Generalized Anxiety Disorder questionnaire (GAD-7; Spitzer et al. 2006).  193 

This is a 7-item questionnaire for assessment of anxiety symptoms. Patients are asked how 194 

often during the last two weeks they had been bothered by each symptom. Response options 195 

are not at all (0), several days (1), more than half the days (2), and nearly every day (3). The 196 

total score ranges from 0 to 21. The recommended cut-off score for generalized anxiety in the 197 

UK mental health system is 8 (IAPT 2011). Cronbach’s alpha for the GAD-7 is 0.92 and its 198 

test-retest reliability is r = 0.83 (Spitzer et al. 2006).  199 

(5) Patient Health Questionnaire (PHQ-9; Kroenke et al. 2001).  200 

This is a 9-item questionnaire for assessment of depression. For each item, a score of 0, 1, 2, 201 

or 3 is assigned to the response categories of “not at all”, “several days”, “more than half the 202 

days”, and “nearly every day”, respectively. The total score therefore ranges from 0 to 27. 203 

The recommended cut-off score for caseness for depression in the UK mental health system 204 

is 10 (IAPT 2011). Cronbach’s alpha for the PHQ-9 is 0.89 and its test-retest reliability is 205 

r= 0.84 (Kroenke et al. 2001).  206 

 207 

Data Analyses  208 

The data were anonymized prior to statistical analysis. Descriptive statistics (means, SDs, 209 

and 95% confidence intervals, CI) for the characteristics of the patients and scores for the 210 

self-report questionnaires, were calculated. Group differences in IHS scores between patients 211 

with and without hyperacusis as diagnosed via HQ scores and ULLmin values were assessed 212 

using t-tests. A linear regression model was used to assess the variables that significantly 213 

predict the IHS score after adjustment for the effect of other variables in the model, including 214 

age and gender. The p value required for statistical significance was set at p<0.05.      215 

Pearson correlation was used to assess convergent and discriminant validity (Lehmann 216 

1988). There are differences of opinion about how to interpret the magnitude of correlation 217 

coefficients, r (Hemphill 2003). Some authors propose that a correlation is weak if r <0.2, 218 

moderate if r is between 0.2 and 0.5, and strong if r >0.5 (Hemphill 2003; Cohen 1988). 219 

Other authors suggest that r >0.7 corresponds to a strong correlation, r in the range 0.5 to 0.7 220 
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corresponds to a moderate correlation and r < 0.3 corresponds to a weak correlation (Mukaka 221 

2012). We adopted the latter convention. Convergent validity of the IHS would be indicated 222 

by moderate or strong correlations with other measures thought to be related to hyperacusis, 223 

while discriminant validity would be indicated by weak or zero correlations with measures 224 

thought to be unrelated to hyperacusis. The questionnaires that were used in routine practice 225 

at the THTSC and were relevant to the construct of hyperacusis were included to assess 226 

convergent validity (Mokkink et al. 2010). 227 

Convergent validity was explored by assessing the correlations between the IHS total 228 

score and the scores for its five factors with scores for other instruments that measure related 229 

constructs. The measures used for convergent validity were:  230 

 The HQ. This is intended to measure hyperacusis, so we expected moderate or strong 231 

correlations with IHS scores.   232 

 ULLmin and the average ULL across ears (Average ULLs at 0.25, 0.5, 1, 2, 4 and 8 233 

kHz for both ears). These are measures of loudness tolerance for pure tones presented 234 

via headphones in a clinical environment. ULLs do not fully explain the variance of the 235 

experienced hyperacusis but they are related to it (Aazh & Moore 2017b; Wallen et al. 236 

2012; Blaesing & Kroener-Herwig 2012; Jastreboff & Jastreboff 2015). Some studies 237 

suggest no significant relationship between ULLs and the impact of hyperacusis on the 238 

patient’s life (Meeus et al. 2010). Therefore, we expected a moderate correlation of the 239 

ULL measures with the factor of the IHS related to the general loudness of sounds but 240 

lower correlations with other factors.        241 

 242 

Discriminant validity was explored by calculating correlation coefficients between the 243 

IHS total score and the scores for its five factors with measures of different constructs. The 244 

measures used for discriminant validity were:  245 

  The PTA across the frequencies 0.25, 0.5, 1, 2, and 4 kHz for the better ear and for the 246 

worse ear. PTA values have been found not to be related to hyperacusis (Aazh et al. 247 

2020b; Aazh et al. 2018b; Aazh & Moore 2017b), so we expected small correlations 248 

with IHS scores.  249 

 The THI. This is a measure of the impact of tinnitus on a patient’s life. Although the 250 

THI score is related to the experience of hyperacusis (Fioretti et al. 2013; Aazh et al. 251 

2017; Cederroth et al. 2020), it measures a different construct, which is the impact of 252 

tinnitus, not hyperacusis, on the patients’ life. Hence we expected moderate correlations 253 
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between THI scores and IHS scores.    254 

 The ISI. This gives a measure of sleep disturbances and is moderately correlated with 255 

depressive symptoms related to the experience of tinnitus, hyperacusis and possibly 256 

hearing impairment (Aazh et al. 2019a; Aazh & Moore 2019; Clarke et al. 2019). We 257 

expected moderate correlations between ISI scores and IHS scores.  258 

 The GAD-7 and PHQ-9. These are measures of state anxiety and depression and scores 259 

are strongly correlated with measures of hyperacusis (Hu et al. 2015; Juris et al. 2013; 260 

Aazh et al. 2017; Aazh & Moore 2017a). We expected moderate correlations of GAD-7 261 

and PHQ-9 scores with IHS scores.        262 

 263 

Cronbach’s alpha was calculated for the IHS and each of its five factors via computing 264 

the inter-item correlations or covariance for all pairs of items in the questionnaire and for the 265 

scale formed from them (Streiner 2003). A value of Cronbach’s alpha between 0.70 and 0.95 266 

indicates good internal consistency (Terwee et al. 2007). 267 

A Receiver Operating Characteristic (ROC) is a plot of “hits” (correct positive diagnoses, 268 

corresponding to sensitivity) against “false alarms” (positive diagnoses when no disease is 269 

present, corresponding to 1  specificity) for different cut off values of a measure (IHS total 270 

scores here). In the context of our study, sensitivity refers to the proportion of cases 271 

diagnosed as having hyperacusis when hyperacusis was present. Specificity refers to the 272 

proportion of cases diagnosed as not having hyperacusis when hyperacusis was not present. 273 

Unfortunately, there is no “gold standard” for determining whether or not hyperacusis is 274 

present. In the absence of a gold standard, HQ scores were used as a reference for calculating 275 

sensitivity and specificity for the IHS, based on different cut off values for the IHS (Mokkink 276 

et al. 2012). The area under the ROC curve (AUC) indicates the overall accuracy of the 277 

diagnostic tool and is between 0.5 and 1.0. The closer the value is to 1.0, the more accurate is 278 

the diagnosis (Hanley & McNeil 1982). The cut off value for the IHS yielding the highest 279 

overall accuracy, i.e. the highest percentage of patients classified correctly, was taken as the 280 

optimal cut off score indicating hyperacusis for clinical use (Florkowski 2008).         281 

The analyses were restricted to patients with complete data on all variables required for a 282 

particular analysis. The number of patients included in each analysis (n) is reported. The 283 

STATA program (version 13) (StataCorp 2013) was used for statistical analyses. 284 

   285 
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RESULTS 286 

Characteristic of the Study Population  287 

Fifty two percent of the patients were male. The mean age was 56 years (SD = 11 years) 288 

for females and 55 years (SD = 15 years) for males. The difference was not significant (p = 289 

0.85). The means and SDs of the hearing thresholds and ULLs for each ear and each 290 

frequency are shown in Table 1. The grand mean PTA across ears was 23 dB HL (SD = 14 291 

dB). The grand mean PTA of the better ear was 18 dB HL (SD = 11 dB). The grand mean 292 

PTA of the worse ear was 27 dB HL (SD = 20 dB). Based on the PTA for the better ear, 67% 293 

of the patients had no hearing loss, 28% had mild hearing loss, and 5% had moderate hearing 294 

loss.  295 

The grand mean of the average ULL across 0.25, 0.5, 1, 2, 4 and 8 kHz was 78 dB HL 296 

(SD = 9.9) for both the right and left ears (n = 86). The average value of ULLmin was 77.5 297 

dB HL (SD = 11) (n=90). ULLmin values were 77 dB HL or below, indicating hyperacusis, 298 

for 28% (25/90) of patients (Aazh & Moore 2017b). Five patients (5/90) were diagnosed with 299 

severe hyperacusis as indicated by a ULL at any frequency of 30 dB HL or less (Aazh & 300 

Moore 2018b).  301 

 302 

***Tables 1 and 2 *** 303 

 304 

The mean scores for the IHS (and its factors), HQ, THI, ISI, GAD-7, and PHQ-9 are 305 

shown in Table 2. Based on scores for the HQ, 43% (42/98) of patients had hyperacusis. 306 

Based on scores for the THI, 2% of patients (2/99) had no tinnitus handicap, 20% (20/99) had 307 

a mild tinnitus handicap, 33% (33/99) had a moderate tinnitus handicap, and 44% (44/99) had 308 

a severe tinnitus handicap. Based on scores for the ISI, 18% (18/98) of patients did not have 309 

insomnia, 31% (30/98) had mild insomnia, 33% (32/98) had clinically significant insomnia, 310 

and 18% (18/98) had severe insomnia. Based on scores for the GAD-7 and PHQ-9, 45% 311 

(45/100) of patients had anxiety and 46% (46/100) had depression.    312 

       313 

Internal Consistency  314 

Cronbach's alpha for the 25-item IHS was 0.96. Cronbach's alpha was 0.81 for Factor one 315 

(General loudness), 0.89 for Factor 2 (Emotional arousal), 0.92 for Factor 3 (Psychosocial), 316 

and 0.89 for Factor 4 (Functional impact). Factor 5 (Communication) has only two items, so 317 

alpha could not be calculated. Instead, the scale reliability coefficient was calculated, which 318 

was 0.89. Overall, the values are high, indicating good internal consistency.   319 



Aazh et al.  Validity of the IHS 12 

 320 

Convergent and Discriminant Validity  321 

Table 3 shows the correlations between IHS total scores and scores for each of its five 322 

factors with scores for ULLmin, average ULLs across ears, and PTA for the better and worse 323 

ears.  324 

As predicted, the total IHS score and its five factors were weakly correlated with the PTA 325 

values. These correlations were not statistically significant. This supports the discriminant 326 

validity of the IHS, as hyperacusis is thought to be independent of hearing thresholds (Aazh 327 

& Moore 2017b).     328 

The total scores on the IHS were weakly negatively correlated with values of ULLmin 329 

and ULL across ears, r = 0.21 and 0.22, respectively (lower ULLs are associated with 330 

greater hyperacusis). The correlations were somewhat higher in absolute value for Factor 1 331 

(General loudness), r = 0.26 and 0.30, respectively.  332 

As shown in Table 4, there was a moderate correlation between IHS total scores and HQ 333 

scores, r = 0.58. However, there were also moderate correlations between IHS total scores 334 

and the scores for the THI, GAD-7, and PHQ-9, with r = 0.58, 0.61, 0.54, respectively, 335 

suggesting that the IHS scores partly reflect the co-occurrence of tinnitus, anxiety and 336 

depression.     337 

 338 

***Tables 3, 4*** 339 

 340 

Group Differences  341 

Table 5 shows IHS total scores and the scores for its factors for patients who were 342 

categorized as having hyperacusis or not having hyperacusis using the ULLmin criterion and 343 

the HQ criterion. The difference between categories was significant for the total score for the 344 

IHS and the scores for Factors 1 (General loudness), 2 (Emotional arousal) and 4 (Functional 345 

impact), for diagnoses based on both ULLmin and HQ scores. The scores for Factors 3 346 

(Psychosocial) and 5 (Communication) were significantly different when the diagnosis was 347 

based on HQ scores but not when it was based on ULLmin values.   348 

A regression model showed that variables that significantly predicted the total IHS score 349 

were HQ score (regression coefficient, b = 0.67, p = 0.001), THI score (b = 0.23, p = 0.015), 350 

and GAD-7 score (b = 0.87, p = 0.047). The regression coefficients were calculated taking 351 

into account the effects of other variables in the model that did not significantly predict IHS 352 
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scores. These comprised: PHQ-9 scores (b = 0.94, p = 0.8), ISI scores (b = 0.3, p = 0.32), 353 

ULLmin values (b = 0.1, p = 0.49), PTA of the worse ear (b = 0.06, p = 0.59), PTA of the 354 

better ear (b = 0.3, p = 0.17), age (b = 0.04, p = 0.74), and gender (b = 2.14, p = 0.49).           355 

  356 

   357 

***Table 5*** 358 

 359 

Cut Off Scores  360 

The ROC for the IHS, using HQ scores as a reference, is shown in Figure 1. The AUC 361 

was 0.80 (95% CI: 0.71-0.89), indicating good accuracy. The cut-off score for the IHS 362 

yielding the highest percentage of patients classified correctly (79%) was 56/100. The 363 

corresponding sensitivity and specificity were 74% and 82%, respectively. The cut off score 364 

of 69 recommended by Greenberg and Carlos (2018) gave a percentage of patients classified 365 

correctly of 72.5%, with sensitivity of 48% and specificity of 91%. The sensitivity with this 366 

cut off is low, suggesting that a cut off score of 69 for the IHS is too high and a cut off of 56 367 

offers better accuracy and a better balance between sensitivity and specificity.  368 

 369 

***Figure 1*** 370 

 371 

 372 

DISCUSSION 373 

The aim of this study was to assess the internal consistency and convergent and 374 

discriminant validity of a questionnaire for hyperacusis, the IHS, using a clinical population 375 

rather than using participants who were recruited online, as was done by Greenberg and 376 

Carlos (2018). The mean total IHS score for our participants was much lower than found for 377 

the participants tested online by Greenberg and Carlos (2018), even for the patients in our 378 

sample who were diagnosed with hyperacusis based on ULLmin values or HQ scores. This 379 

supports our expectation that the outcomes of the IHS might depend on the population that is 380 

studied. The exact characteristics of the population studied by Greenberg and Carlos (2018) 381 

are unclear. They stated that “While no specific exclusion criteria prevented any participant 382 

from completing the questionnaires, individuals who experience varying levels of auditory 383 

sensitivity were sought to gain a sufficiently robust sample size to estimate scoring thresholds 384 

between categories of symptom severity”. Our population was based on patients seeking help 385 
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for their tinnitus, hyperacusis, or both. The IHS is likely to be used most often to assess 386 

people seeking help for tinnitus and hyperacusis, so the population used in our study seems 387 

more applicable than that tested by Greenberg and Carlos (2018). 388 

 Cronbach's alpha for the 25-item IHS was 0.96, which is very high. This high value 389 

might indicate a potential for reducing the number of items in the IHS, while maintaining 390 

good consistency. The high alpha value might reflect the possibility that more than one 391 

construct is measured using the IHS. Consistent with this, our results showed moderate 392 

correlations between IHS scores and scores for the THI, GAD-7 and PHQ-9, which are 393 

measures of tinnitus severity, anxiety and depression. It is possible that IHS scores partly 394 

reflect the distress caused by tinnitus, anxiety, or depression. This is understandable, due to 395 

the comorbidity of hyperacusis with tinnitus, depression and anxiety (Valderas et al. 2009; 396 

Cederroth et al. 2020). Although the exact mechanisms underlying these comorbidities have 397 

not been fully explored, some studies suggest a causal link between hyperacusis and 398 

depression (Aazh & Moore 2017a; Aazh et al. 2019b; Assi et al. 2018; Attri & Nagarkar 399 

2010). One could argue that people primarily seek help for their hyperacusis when the 400 

anxiety and depression it produces are sufficiently troublesome (Aazh et al. 2014; Aazh et al. 401 

2018a). Hyperacusis is not simply an over-sensitivity to certain sounds. Many people may 402 

feel disturbed by certain sounds (e.g., they do not like loud social places and they may dislike 403 

the sound of warning sirens) but this does not cause them significant distress or interruption 404 

in their daily life. It is only when certain sounds lead to distress and anxiety in everyday life 405 

that people seek help for hyperacusis and are diagnosed as having hyperacusis (Aazh et al. 406 

2016). When this happens, symptoms of anxiety and depression often co-occur (Aazh & 407 

Moore 2017d). In fact, being sensitive to noise is classified as a personality trait (Weinstein 408 

1978). Noise sensitivity as a personality trait can also be age and sex related, as older people 409 

and females tend to be less tolerant of noise (Baliatsas et al. 2016; Stansfeld & Shipley 2015). 410 

However, our regression model revealed that IHS scores were not significantly predicted by 411 

age or sex.  412 

Tinnitus is also a comorbid construct with hyperacusis and the majority of the patients in 413 

our sample had some degree of tinnitus. Untangling the impact of hyperacusis from that of 414 

tinnitus in such a population is difficult. For some patients with tinnitus, exposure to certain 415 

environmental sounds worsens their tinnitus (Aazh & Salvi 2019). Such patients adopt 416 

avoidance behavior or use ear protection (earplugs or muffs), which in turn can lead to 417 

development of fear hyperacusis (Tyler et al. 2014). It has also been hypothesized that 418 

hyperacusis is a precursor to tinnitus (Jastreboff & Jastreboff 2003; Jastreboff & Jastreboff 419 



Aazh et al.  Validity of the IHS 15 

2014; Jastreboff & Jastreboff 2015). Finally laboratory studies on animals suggest that 420 

hyperacusis and tinnitus share pathophysiological mechanisms (Knipper et al. 2013; Mohrle 421 

et al. 2019; Eggermont 2013; Chen et al. 2015). It is not clear whether the IHS can 422 

distinguish tinnitus-related distress from hyperacusis-related distress. To assess whether that 423 

is the case, IHS scores could be compared for a group of patients with tinnitus but no 424 

hyperacusis and a group with tinnitus combined with hyperacusis. Having said this, even in 425 

such populations, it may be difficult to disentangle these two constructs. Tinnitus handicap 426 

tends to be more severe for patients who also have hyperacusis than for those with tinnitus 427 

alone (Schecklmann et al. 2014). More studies are required to explore and explain the 428 

interaction between tinnitus, hyperacusis, anxiety, and depression and how these affect the 429 

individual (Neale & Kendler 1995). For a review of comorbidity models see Valderas et al. 430 

(2009).   431 

The comorbidity of hyperacusis with tinnitus, anxiety and depression and the inability of 432 

the questionnaires in this study to distinguish the impact of these conditions on a patient’s life 433 

can make it difficult for clinicians to plan management strategies. If hyperacusis is the main 434 

source of distress, then audiologist-delivered cognitive behavioural therapy (CBT) may be the 435 

right course of action (Aazh & Allott 2016; Aazh & Moore 2018a). However, if the main 436 

source of distress is an underlying anxiety disorder, then the patient may benefit from more 437 

general psychotherapy with mental health professionals (Otte 2011). Another clinical 438 

implication is that hyperacusic patients who are very distressed by their tinnitus or exhibit 439 

symptoms of anxiety and depression may score highly on the IHS. From a clinical 440 

perspective it is important to check for underlying psychological disorders when assessing 441 

patients with high IHS or THI scores. Patients whose scores are outside the normal range on 442 

psychological questionnaires may be referred to mental health professionals for further 443 

investigation and treatment (when needed). A recent study assessing patient’s views about the 444 

acceptability and relevance of completing certain psychological questionnaires (or screening 445 

versions of them) in a tinnitus and hyperacusis clinic showed that patients regard such 446 

questionnaires as acceptable and relevant to them (Aazh & Moore 2017d).  447 

Another clinical implication is that clinicians should not rely solely on self-report 448 

questionnaires when assessing the impact of hyperacusis or tinnitus on a patient’s life. It is 449 

very important to perform an in-depth clinical interview to establish whether the distress they 450 

experience is related to tinnitus, hyperacusis, mental health disorders, or a combination of 451 

these. A recent study showed that there was no statistically significant difference in mean 452 

scores for the HQ, THI and audiological measures between patients who after an in-depth 453 
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clinical interview were deemed not to have any distress linked with their tinnitus or 454 

hyperacusis and patients who did present with distress related to tinnitus and/or hyperacusis 455 

(Aazh & Moore 2018c). Thus, the in-depth interview provided information that was not 456 

provided by the questionnaires or audiological measures.  457 

Previous work has shown that the severity of hyperacusis is not related to PTA values 458 

(Aazh & Moore 2017b). Therefore, if the IHS genuinely measures the severity of 459 

hyperacusis, IHS scores should not be correlated with PTA values. Our results showed that 460 

neither the total IHS score nor scores for its five factors were significantly correlated with 461 

PTA values, supporting the discriminant validity of the IHS. 462 

It is believed that low ULLs are associated with hyperacusis (Aazh & Moore 2017b; 463 

Aazh & Moore 2017c). Consistent with this, total IHS scores and scores for IHS Factors 1 464 

and 2 were negatively correlated with ULL min values. The correlation for Factor 2 465 

(Emotional arousal) is consistent with the idea that emotional arousal is part of the experience 466 

of hyperacusis (Aazh & Allott 2016; Aazh et al. 2019c; Aazh et al. 2014). However, the 467 

correlations between IHS factor scores and ULLmin values were all below 0.30. This 468 

indicates that, if the IHS provides a valid measure of the severity of hyperacusis, the ULLs 469 

measured with pure tones make only a small contribution to the variance of the severity of 470 

hyperacusis. This may be the case because hyperacusis often reflects an aversion to specific 471 

sounds (not pure tones).  472 

Total IHS scores and factor scores were more highly correlated with HQ scores than with 473 

ULLmin values. The correlations with HQ scores ranged from 0.40 for Factor 5 474 

(Communication) to 0.63 for Factor 2 (Emotional arousal), supporting the construct validity 475 

of the IHS and consistent with the idea that emotional arousal plays a strong role in the 476 

severity of hyperacusis (Aazh & Allott 2016; Aazh et al. 2019c; Aazh et al. 2014; Aazh et al. 477 

2020a; Aazh & Moore 2018c; Aazh & Moore 2018a). A role for emotional arousal is 478 

supported by our finding that scores on the GAD-7, which is related to emotional arousal, 479 

were moderately correlated with IHS scores.  480 

If the IHS has high construct validity, one might expect the correlation between IHS and 481 

HQ scores to be higher than the correlation between IHS and GAD-7 scores. This was not the 482 

case: the correlations were 0.58 and 0.61, respectively. This could be related to the 483 

shortcomings of the HQ described in the introduction, specifically the fact that some of its 484 

questions are not directly related to hyperacusis (Baguley & Andersson 2007). Moreover, the 485 

strong relationship between IHS and GAD-7 scores could be due to the fact that the IHS has 486 

more items than the HQ assessing the emotional aspects of hyperacusis.     487 
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It was found that the cut off total score for the IHS of 69 suggested by Greenberg and 488 

Carlos (2018) as indicating hyperacusis would lead to most of the patients in our sample not 489 

being diagnosed as having hyperacusis, even though 28% of our patients had ULLmin values 490 

≤77 dB HL and 43% had HQ scores ≥22, both of which have been suggested to indicate 491 

hyperacusis (Aazh & Moore 2017b). Also, the cut off score of 69 led to sensitivity of the IHS 492 

of only 45%, using diagnosis based on HQ scores as a reference.  493 

The ROC analysis showed that the AUC for the IHS was 0.80. The AUC is a combined 494 

measure of sensitivity and specificity that characterizes the validity of diagnostic tests 495 

(Hanley & McNeil 1982). The AUC of 0.80 shows that the IHS has a good ability to 496 

discriminate patients with hyperacusis from patients without hyperacusis. We propose a cut 497 

off value of 56 instead of 69 for diagnosing hyperacusis. The corresponding sensitivity and 498 

specificity were 74% and 82%, respectively. We suggest that the Greenberg and Carlos 499 

(2018) categories of hyperacusis based on IHS score should be modified to: <56 no 500 

hyperacusis; between 56 and 79 mild-moderate hyperacusis; between 80 and 88 severe 501 

hyperacusis; ≥89 very severe hyperacusis. More research is needed to assess our proposed 502 

categorization of hyperacusis severity.  503 

 504 

STUDY LIMITATIONS 505 

       This study has several limitations, which are discussed here. First, the analysis was 506 

limited to data gathered in a clinic providing treatment to people seeking help for tinnitus 507 

and/or hyperacusis. This may not be representative of the entire population of people with 508 

hyperacusis. However, the population tested here is representative of those who seek help for 509 

hyperacusis and/or tinnitus. A second limitation is that there is no gold standard for 510 

diagnosing hyperacusis. Therefore, we were forced to evaluate the sensitivity and specificity 511 

of the IHS using an established questionnaire, the HQ, whose validity has been questioned. 512 

However, it is reassuring that the results of the IHS were related to the measures of ULLs 513 

(higher IHS scores being associated with lower ULLs) and to the scores for other 514 

questionnaires assessing tinnitus handicap, insomnia, anxiety, and depression. A third 515 

limitation is that we did not have data about the underlying etiologies of the hyperacusis of 516 

the participants. Scores for the five factors of the IHS might be different across different 517 

etiologies of hyperacusis.  518 
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 519 

CONCLUSIONS 520 

Cronbach's alpha for the total IHS score was 0.96. Neither the total IHS score nor any of 521 

its five factors were correlated with the PTA of the better or worse ear, supporting the 522 

discriminant validity of the IHS, since hyperacusis is thought to be independent of the degree 523 

of hearing loss. The total IHS score and scores for its five factors were moderately correlated 524 

with hyperacusis handicap (as measured via the HQ), tinnitus handicap (as measured via the 525 

THI), anxiety (as measured via the GAD-7), and depression (as measured via the PHQ-9). 526 

Although this supports the convergent validity of IHS, since all of these constructs are known 527 

to be significantly related to hyperacusis, it means that the IHS may not distinguish the 528 

distress caused by hyperacusis from the distress caused by tinnitus, anxiety and depression. 529 

Therefore, future studies are needed to design questionnaires that can overcome the 530 

shortcomings of the current ones as highlighted in this study.  531 

We propose an IHS cut-off value of 56 instead of 69 for diagnosing hyperacusis. With 532 

this cut off value, the corresponding sensitivity and specificity of the IHS, using the HQ as a 533 

reference, were 74% and 82%, respectively.   534 

From a clinical perspective, it is important to use a wide range of questionnaires to get a 535 

better understanding of the symptoms that the patient is experiencing and also to perform an 536 

in-depth clinical interview to establish whether the distress they experience is related to 537 

hyperacusis, tinnitus, or mental health disorders.    538 

 539 

ACKNOWLEDGMENTS 540 

We thank the members of the THTSC at RSCH (Viveka Owen, Jemma Hatton, Jennifer 541 

Whiffin, Jenni Stevens, and Judith Ballinger) for their help in data collection. We thank the 542 

editor and two reviewers for very helpful comments on an earlier version of this paper. 543 

  544 



Aazh et al.  Validity of the IHS 19 

 545 

REFERENCES 546 

Aazh, H., & Allott, R. (2016). Cognitive behavioural therapy in management of hyperacusis: 547 

a narrative review and clinical implementation. Auditory and Vestibular Research, 25, 548 

63-74. 549 

Aazh, H., Baguley, D. M., & Moore, B. C. J. (2019a). Factors Related to Insomnia in Adult 550 

Patients with Tinnitus and/or Hyperacusis: An Exploratory Analysis. J Am Acad 551 

Audiol, 30, 802-809. 552 

Aazh, H., Bryant, C., & Moore, B. C. J. (2020a). Patients’ perspectives about the 553 

acceptability and effectiveness of audiologist-delivered cognitive behavioral therapy 554 

for tinnitus and/or hyperacusis rehabilitation. American Journal of Audiology, 28, 555 

973-985. 556 

Aazh, H., Danesh, A., & Moore, B. C. J. (2019b). Parental Mental Health in Childhood as a 557 

Risk Factor for Anxiety and Depression among People Seeking Help for Tinnitus and 558 

Hyperacusis. Journal of American Academy of Audiology, 30, 772-780. 559 

Aazh, H., Heinonen-Guzejev, M., & Moore, B. C. J. (2020b). The relationship between 560 

hearing loss and insomnia for patients with tinnitus. Int J Audiol, 59, 68-72. 561 

Aazh, H., Knipper, M., Danesh, A. A., et al. (2018a). Insights from the third international 562 

conference on hyperacusis: causes, evaluation, diagnosis, and treatment. Noise & 563 

Health, 20, 162-170. 564 

Aazh, H., Lammaing, K., & Moore, B. C. J. (2017). Factors related to tinnitus and 565 

hyperacusis handicap in older people. International Journal of Audiology 56, 677-566 

684. 567 

Aazh, H., Landgrebe, M., Danesh, A., et al. (2019c). Cognitive behavioral therapy for 568 

alleviating the distress caused by tinnitus, hyperacusis and misophonia: Current 569 

perspectives. Psychology Research and Behavior Management 23, 991-1002. 570 

Aazh, H., McFerran, D., & Moore, B. C. J. (2018b). Uncomfortable Loudness Levels among 571 

children and adolescents seeking help for tinnitus and/or hyperacusis International 572 

Journal of Audiology 57, 618-623. 573 

Aazh, H., McFerran, D., Salvi, R., et al. (2014). Insights from the First International 574 

Conference on Hyperacusis: causes, evaluation, diagnosis and treatment. Noise & 575 

Health, 16, 123-6. 576 

Aazh, H., & Moore, B. C. J. (2017a). Factors Associated with Depression in Patients with 577 

Tinnitus and Hyperacusis. American Journal of Audiology, 26, 562-569. 578 



Aazh et al.  Validity of the IHS 20 

Aazh, H., & Moore, B. C. J. (2017b). Factors related to Uncomfortable Loudness Levels for 579 

patients seen in a tinnitus and hyperacusis clinic. International Journal of Audiology 580 

56, 793-800. 581 

Aazh, H., & Moore, B. C. J. (2017c). Incidence of discomfort during pure-tone audiometry 582 

and measurement of uncomfortable loudness levels among People seeking help for 583 

tinnitus and/or hyperacusis  American Journal of Audiology, 26, 226-232. 584 

Aazh, H., & Moore, B. C. J. (2017d). Usefulness of self-report questionnaires for 585 

psychological assessment of patients with tinnitus and hyperacusis and patients' views 586 

of the questionnaires. International Journal of Audiology, 56, 489-498. 587 

Aazh, H., & Moore, B. C. J. (2018a). Effectiveness of audiologist-delivered cognitive 588 

behavioral therapy for tinnitus and hyperacusis rehabilitation: outcomes for patients 589 

treated in routine practice   American Journal of Audiology, 27, 547-558. 590 

Aazh, H., & Moore, B. C. J. (2018b). Prevalence and characteristics of patients with severe 591 

hyperacusis among patients seen in a tinnitus and hyperacusis clinic    Journal of 592 

American Academy of Audiology, 29, 626-633. 593 

Aazh, H., & Moore, B. C. J. (2018c). Proportion and characteristics of patients who were 594 

offered, enrolled in and completed audiologist-delivered cognitive behavioural 595 

therapy for tinnitus and hyperacusis rehabilitation in a specialist UK clinic. 596 

International Journal of Audiology, 57, 415-425. 597 

Aazh, H., & Moore, B. C. J. (2019). Tinnitus loudness and the severity of insomnia: A 598 

mediation analysis. International Journal of Audiology 58, 208-212. 599 

Aazh, H., Moore, B. C. J., Lammaing, K., et al. (2016). Tinnitus and hyperacusis therapy in a 600 

UK National Health Service audiology department: Patients' evaluations of the 601 

effectiveness of treatments. International Journal of Audiology, 55, 514-522. 602 

Aazh, H., & Salvi, R. (2019). The Relationship between Severity of Hearing Loss and 603 

Subjective Tinnitus Loudness among Patients Seen in a Specialist Tinnitus and 604 

Hyperacusis Therapy Clinic in UK. Journal of American Academy of Audiology, 30, 605 

712-719. 606 

Assi, H., Moore, R. D., Ellemberg, D., et al. (2018). Sensitivity to sounds in sport-related 607 

concussed athletes: a new clinical presentation of hyperacusis. Sci Rep, 8, 9921. 608 

Attri, D., & Nagarkar, A. N. (2010). Resolution of hyperacusis associated with depression, 609 

following lithium administration and directive counselling. J Laryngol Otol, 124, 919-610 

21. 611 



Aazh et al.  Validity of the IHS 21 

Baguley, D., & Andersson, G. (2007). Hyperacusis: mechanisms, diagnosis, and therapies. 612 

San Diego: Plural Publishing Inc.   613 

Baguley, D. M., & Andersson, G. (2003). Factor analysis of the Tinnitus Handicap Inventory. 614 

Am J Audiol, 12, 31-4. 615 

Baliatsas, C., van Kamp, I., Swart, W., et al. (2016). Noise sensitivity: Symptoms, health 616 

status, illness behavior and co-occurring environmental sensitivities. Environ Res, 617 

150, 8-13. 618 

Bastien, C. H., Vallieres, A., & Morin, C. M. (2001). Validation of the Insomnia Severity 619 

Index as an outcome measure for insomnia research. Sleep Medicine, 2, 297-307. 620 

Blaesing, L., & Kroener-Herwig, B. (2012). Self-reported and behavioral sound avoidance in 621 

tinnitus and hyperacusis subjects, and association with anxiety ratings. Int J Audiol, 622 

51, 611-7. 623 

BSA (2011a). Pure-tone air-conduction and bone-conduction threshold audiometry with and 624 

without masking: Recommended Procedure. Reading, UK: British Society of 625 

Audiology.   626 

BSA (2011b). Recommended Procedure: Determination of uncomfortable loudness levels. 627 

Reading, UK: British Society of Audiology  628 

Cederroth, C. R., Lugo, A., Edvall, N. K., et al. (2020). Association between Hyperacusis and 629 

Tinnitus. Journal of Clinical Medicine 9, 2412. 630 

Chen, Y. C., Li, X., Liu, L., et al. (2015). Tinnitus and hyperacusis involve hyperactivity and 631 

enhanced connectivity in auditory-limbic-arousal-cerebellar network. Elife, 4, e06576. 632 

Clarke, N. A., Hoare, D. J., & Killan, E. C. (2019). Evidence for an Association Between 633 

Hearing Impairment and Disrupted Sleep: Scoping Review. Am J Audiol, 28, 1015-634 

1024. 635 

Cohen, J. (1988). Statistical power analysis for the behavioral sciences. New Jersey: 636 

Lawrence Erlbaum Associates, Inc. Publishers.   637 

Dauman, R., & Bouscau-Faure, F. (2005). Assessment and amelioration of hyperacusis in 638 

tinnitus patients. Acta Otolaryngol, 125, 503-9. 639 

Eggermont, J. J. (2013). Hearing loss, hyperacusis, or tinnitus: what is modeled in animal 640 

research? Hear Res, 295, 140-9. 641 

Fackrell, K., Fearnley, C., Hoare, D. J., et al. (2015). Hyperacusis Questionnaire as a tool for 642 

measuring hypersensitivity to sound in a tinnitus research population. Biomed Res Int, 643 

2015, 290425. 644 



Aazh et al.  Validity of the IHS 22 

Fackrell, K., & Hoare, D. J. (2018). Scales and questionnaires for decreased sound tolerance. 645 

In D. M. Baguley & M. Fagelson (Eds.), Hyperacusis and Disorders of Sound 646 

Intolerance: Clinical and Research Perspectives San Diego, CA: Plural Publishing 647 

Inc. 648 

Fioretti, A. B., Fusetti, M., & Eibenstein, A. (2013). Association between sleep disorders, 649 

hyperacusis and tinnitus: evaluation with tinnitus questionnaires. Noise Health, 15, 650 

91-5. 651 

Florkowski, C. M. (2008). Sensitivity, specificity, receiver-operating characteristic (ROC) 652 

curves and likelihood ratios: communicating the performance of diagnostic tests. Clin 653 

Biochem Rev, 29 Suppl 1, S83-7. 654 

Foster, S. L., & Cone, J. D. (1995). Validity issues in clinical assessment. Psychological 655 

Assessment, 7, 248-260. 656 

Greenberg, B., & Carlos, M. (2018). Psychometric Properties and Factor Structure of a New 657 

Scale to Measure Hyperacusis: Introducing the Inventory of Hyperacusis Symptoms. 658 

Ear Hear, 39, 1025-1034. 659 

Hanley, J. A., & McNeil, B. J. (1982). The meaning and use of the area under a receiver 660 

operating characteristic (ROC) curve. Radiology, 143, 29-36. 661 

Hemphill, J. F. (2003). Interpreting the magnitudes of correlation coefficients. Am Psychol, 662 

58, 78-9. 663 

Henry, J. A., Jastreboff, M. M., Jastreboff, P. J., et al. (2003). Guide to conducting tinnitus 664 

retraining therapy initial and follow-up interviews. J Rehabil Res Dev, 40, 157-77. 665 

Hu, J., Xu, J., Streelman, M., et al. (2015). The correlation of the tinnitus handicap inventory 666 

with depression and anxiety in veterans with tinnitus. Int J Otolaryngol, 2015, 667 

689375. 668 

IAPT (2011). The IAPT Data Handbook: Guidance on recording and monitoring outcomes to 669 

support local evidence-based practice (2.0 ed.). UK: IAPT National Programme 670 

Team  671 

Jastreboff, P. J., & Jastreboff, M. M. (2000). Tinnitus Retraining Therapy (TRT) as a method 672 

for treatment of tinnitus and hyperacusis patients. J Am Acad Audiol, 11, 162-77. 673 

Jastreboff, P. J., & Jastreboff, M. M. (2003). Tinnitus retraining therapy for patients with 674 

tinnitus and decreased sound tolerance. Otolaryngologic Clinics of North America, 675 

36, 321-336. 676 

Jastreboff, P. J., & Jastreboff, M. M. (2014). Treatments for Decreased Sound Tolerance 677 

(Hyperacusis and Misophonia). Seminars in Hearing, 35, 105-120. 678 



Aazh et al.  Validity of the IHS 23 

Jastreboff, P. J., & Jastreboff, M. M. (2015). Decreased sound tolerance: hyperacusis, 679 

misophonia, diplacousis, and polyacousis. Handb Clin Neurol, 129, 375-87. 680 

Juris, L., Andersson, G., Larsen, H. C., et al. (2013). Psychiatric comorbidity and personality 681 

traits in patients with hyperacusis. International Journal of Audiology, 52, 230-5. 682 

Khalfa, S., Dubal, S., Veuillet, E., et al. (2002). Psychometric normalization of a hyperacusis 683 

questionnaire. Journal for Oto-rhino-laryngology and its Related Specialties, 64, 436-684 

42. 685 

Knipper, M., Van Dijk, P., Nunes, I., et al. (2013). Advances in the neurobiology of hearing 686 

disorders: Recent developments regarding the basis of tinnitus and hyperacusis. Prog 687 

Neurobiol, 111, 17-33. 688 

Kroenke, K., Spitzer, R. L., & Williams, J. B. (2001). The PHQ-9: validity of a brief 689 

depression severity measure. J Gen Intern Med, 16, 606-13. 690 

Lehmann, D. R. (1988). An alternative procedure for assessing convergent and discriminant 691 

validity. Applied psychological measurement, 12, 411-423. 692 

Lowe, B., Wahl, I., Rose, M., et al. (2010). A 4-item measure of depression and anxiety: 693 

validation and standardization of the Patient Health Questionnaire-4 (PHQ-4) in the 694 

general population. J Affect Disord, 122, 86-95. 695 

Meeus, O. M., Spaepen, M., Ridder, D. D., et al. (2010). Correlation between hyperacusis 696 

measurements in daily ENT practice. Int J Audiol, 49, 7-13. 697 

Mohrle, D., Hofmeier, B., Amend, M., et al. (2019). Enhanced Central Neural Gain 698 

Compensates Acoustic Trauma-induced Cochlear Impairment, but Unlikely 699 

Correlates with Tinnitus and Hyperacusis. Neuroscience, 407, 146-169. 700 

Mokkink, L. B., Terwee, C. B., Knol, D. L., et al. (2010). The COSMIN checklist for 701 

evaluating the methodological quality of studies on measurement properties: a 702 

clarification of its content. BMC Med Res Methodol, 10, 22. 703 

Mokkink, L. B., Terwee, C. B., Patrick, D. L., et al. (2012). COSMIN checklist manual. 704 

Amsterdam: University Medical Center.   705 

Mukaka, M. M. (2012). Statistics corner: A guide to appropriate use of correlation coefficient 706 

in medical research. Malawi Med J, 24, 69-71. 707 

Neale, M. C., & Kendler, K. S. (1995). Models of comorbidity for multifactorial disorders. 708 

Am J Hum Genet, 57, 935-53. 709 

Nelting, M., Rienhoff, N. K., Hesse, G., et al. (2002). [The assessment of subjective distress 710 

related to hyperacusis with a self-rating questionnaire on hypersensitivity to sound]. 711 

Laryngorhinootologie, 81, 327-34. 712 



Aazh et al.  Validity of the IHS 24 

Newman, C. W., Jacobson, G. P., & Spitzer, J. B. (1996). Development of the Tinnitus 713 

Handicap Inventory. Arch Otolaryngol Head Neck Surg, 122, 143-8. 714 

Newman, C. W., Sandridge, S. A., & Jacobson, G. P. (1998). Psychometric adequacy of the 715 

Tinnitus Handicap Inventory (THI) for evaluating treatment outcome. J Am Acad 716 

Audiol, 9, 153-60. 717 

Otte, C. (2011). Cognitive behavioral therapy in anxiety disorders: current state of the 718 

evidence. Dialogues Clin Neurosci, 13, 413-21. 719 

Schecklmann, M., Landgrebe, M., Langguth, B., et al. (2014). Phenotypic characteristics of 720 

hyperacusis in tinnitus. PLoS One, 9, e86944. 721 

Spitzer, R. L., Kroenke, K., Williams, J. B., et al. (2006). A brief measure for assessing 722 

generalized anxiety disorder: the GAD-7. Arch Intern Med, 166, 1092-7. 723 

Stansfeld, S. A., & Shipley, M. (2015). Noise sensitivity and future risk of illness and 724 

mortality. Sci Total Environ, 520, 114-9. 725 

StataCorp (2013). Stata Statistical Software: Release 13. TX, USA: StataCorp LP.   726 

Streiner, D. L. (2003). Being inconsistent about consistency: When coefficient alpha does and 727 

doesn't matter. Journal of personality assessment, 80, 217-222. 728 

Terwee, C. B., Bot, S. D., de Boer, M. R., et al. (2007). Quality criteria were proposed for 729 

measurement properties of health status questionnaires. J Clin Epidemiol, 60, 34-42. 730 

The WHOQOL Group (1998). Development of the World Health Organization WHOQOL-731 

BREF quality of life assessment. The WHOQOL Group. Psychol Med, 28, 551-8. 732 

Tyler, R. S., & Conrad Armes, D. (1983). The determination of tinnitus loudness considering 733 

the effects of recruitment. Journal of Speech and Hearing Research, 26, 59-72. 734 

Tyler, R. S., Pienkowski, M., Rojas Roncancio, E., et al. (2014). A review of hyperacusis and 735 

future directions: part I. definitions and manifestations. American Journal of 736 

Audiology, 23, 402-419. 737 

Valderas, J. M., Starfield, B., Sibbald, B., et al. (2009). Defining comorbidity: implications 738 

for understanding health and health services. Ann Fam Med, 7, 357-63. 739 

Wallen, M. B., Hasson, D., Theorell, T., et al. (2012). The correlation between the 740 

hyperacusis questionnaire and uncomfortable loudness levels is dependent on 741 

emotional exhaustion. Int J Audiol, 51, 722-9. 742 

Weinstein, N. D. (1978). Individual differences in reactions to noise: a longitudinal study in a 743 

college dormitory. J Appl Psychol, 63, 458-66. 744 

  745 

  746 



Aazh et al.  Validity of the IHS 25 

Figure caption 747 

 748 

Figure 1. ROC for the IHS. The area under the ROC was 0.80.  749 

 750 
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TABLE 1.  Means (SD) of HTs in dB HL and ULLs for each ear of the study 752 

population. The number of patients included in each analysis is indicated by n. 753 

 Frequency, kHz 

 0.25 0.5 1 2 3 4 6 8 

HT 

right  

18 

(16) 

n = 

100 

19 

(17) 

n = 

100 

18 

(17) 

n =  

100 

21 

(19) 

n = 

100 

27 

(20) 

n =  

93 

32 

(21) 

n = 

100 

37 

(23) 

n =  

95 

35.5 

(26) 

n = 

100 

HT 

left 

20 

(16.5) 

n = 

100 

20 

(17) 

n = 

100 

19 

(19) 

n = 

100 

23 

(20) 

n = 

100 

30 

(22) 

n =  

92 

35.5 

(22) 

n = 

100 

39 

(26) 

n =  

93 

39.5 

(28) 

n =  

100 

ULL 

right  

78 

(11) 

n = 

90 

79 

(11) 

n = 

90 

80 

(9) 

n = 

90 

79 

(11) 

n = 

90 

79 

(11) 

n = 

83 

79 

(12) 

n = 

90 

79 

(12) 

n = 

85 

76 

(14) 

n = 

89 

ULL 

left 

78 

(9) 

n = 

90 

79 

(10) 

n = 

90 

79 

(10) 

n = 

90 

79 

(11) 

n = 

90 

79 

(11) 

n = 

82 

79 

(11) 

n = 

89 

79 

(12) 

n = 

83 

75 

(14) 

n = 

87 

 754 

HT, hearing threshold; ULL, Uncomfortable Loudness Level 755 
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TABLE 2. Means and SDs of scores of the study population for the IHS and its 757 

factors, and for the HQ, THI, ISI, GAD-7, and PHQ-9. The number of patients is 758 

indicated by n. 759 

Questionnaire n Mean SD 

IHS (total)  100 54.4 19 

Factor 1  

(General loudness) 

100 7.6 2.9 

Factor 2  

(Emotional arousal) 

100 12.0 4.5 

Factor 3 (Psychosocial)   100 16.0 6.8 

Factor 4  

(Functional impact) 

100 14.7 5.0 

Factor 5 

(Communication)   

100 4.2 2.2 

HQ 98 19.4 9 

THI 99 55.2 21 

ISI 98 14.4 7.1 

GAD-7 100 8.2 5.8 

PHQ-9 100 10.4 6.7 

   760 

IHS, Inventory of Hyperacusis Symptoms; THI, Tinnitus Handicap Inventory; HQ, Hyperacusis 761 

Questionnaire; ISI, Insomnia Severity Index; GAD-7, Generalized Anxiety Disorder questionnaire; PHQ-9, 762 

Patient Health Questionnaire 763 

 764 
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TABLE 3. Correlations between IHS scores and scores for each of its five factors 766 

with audiological measures. The number of patients is indicated by n.     767 

    768 

 ULLmin  ULL across 

ears  

PTA better 

ear  

PTA worse 

ear  

IHS total  r = 0.21  

p = 0.042*  

n = 90  

r = 0.22  

p = 0.04*  

n = 86  

r = 0.03  

p = 0.73  

n = 100  

r = 0.05  

p = 0.62  

n = 100  

Factor 1  

(General loudness)  

r = 0.26  

p = 0.013*  

n = 90  

r = 0.3  

p = 0.005**  

n = 86  

r = 0.04  

p = 0.69  

n = 100  

r = 0.07  

p = 0.45  

n = 100  

Factor 2  

(Emotional arousal)  

r = 0.21 

p = 0.043*  

n = 90  

r = 0.21  

p = 0.048*  

n = 86  

r = 0.13  

p = 0.17  

n = 100  

r = 0.11  

p = 0.27  

n = 100  

Factor 3 

(Psychosocial)   

r = 0.14  

p = 0.19  

n = 90  

r = 0.15  

p = 0.16  

n = 86  

r = 0.02  

p = 0.81 

n = 100  

r = 0.14  

p = 0.15  

n = 100  

Factor 4  

(Functional impact)  

r = 0.21  

p = 0.048*  

n = 90  

r = 0.2  

p = 0.064  

n = 86  

r = 0.09  

p = 0.34  

n = 100  

r = 0.03 

 p = 0.75  

n = 100  

Factor 5 

(Communication)   

r = 0.15  

p = 0.15  

n = 90  

r =  0.15  

p = 0.16  

n = 86  

r = 0.17  

p = 0.076  

n = 100  

r = 0.18  

p = 0.07  

n = 100  

     

IHS, Inventory of Hyperacusis Symptoms; ULLmin, average ULLs at 0.25, 0.5, 1, 2, 4 and 8 kHz for the ear 769 

with the lower average ULL; ULL across ears, average ULLs at 0.25, 0.5, 1, 2, 4 and 8 kHz for both ears; PTA, 770 

The pure-tone average across the frequencies 0.25, 0.5, 1, 2, and 4 kHz. * = p < 0.05, ** = p < 0.01.     771 
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TABLE 4. Correlations between total IHS scores and the scores for each of its five 774 

factors with scores for the HQ, THI, GAD-7, PHQ-9 and ISI. The number of patients is 775 

indicated by n.    776 

 HQ  THI  GAD-7  PHQ-9  ISI 

IHS total  r = 0.58 

p<0.001***  

n = 98 

r = 0.58 

p<0.001***  

n = 99  

r = 0.61 

p<0.001***  

n = 100 

r = 0.54  

p<0.001*

**  

n = 100  

r = 0.43 

p<0.001***  

n = 98  

Factor 1  

(General 

loudness)  

r = 0.61 

p<0.001***  

n = 98 

r = 0.37 

p<0.001***  

n = 99  

r = 0.43 

p<0.001***  

n = 100 

r = 0.40  

p<0.001*

**  

n = 100  

r = 0.32  

p = 

0.0012**  

n = 98  

Factor 2  

(Emotional 

arousal)  

r = 0.63 

p<0.001***  

n = 98 

r = 0.51 

p<0.001***  

n = 99  

r = 0.54 

p<0.001***  

n = 100 

r = 0.45  

p<0.001*

**  

n = 100  

r = 0.38 

p<0.001***  

n = 98  

Factor 3 

(Psychosocial)   

r = 0.46 

p<0.001***  

n = 98 

r = 0.53 

p<0.001***  

n = 99  

r = 0.56 

p<0.001***  

n = 100 

r = 0.53 

 

p<0.001***  

n = 100  

r = 0.36 

p<0.001***  

n = 98  

Factor 4  

(Functional 

impact)  

r = 0.49 

p<0.001***  

n = 98 

r = 0.59 

p<0.001***  

n = 99  

r = 0.56 

p<0.001***  

n = 100 

r = 0.49  

p<0.001*

**  

n = 100  

r = 0.47 

p<0.001***  

n = 98  

Factor 5 

(Communication)   

r = 0.40 

p<0.001***  

n = 98 

r = 0.45 

p<0.001***  

n = 99  

r = 0.51 

p<0.001***  

n = 100 

r = 0.44  

p<0.001*

**  

n = 100  

r = 0.29  

p = 0.004 

** 

n = 98  

 777 

IHS, Inventory of Hyperacusis Symptoms; THI, Tinnitus Handicap Inventory; HQ, Hyperacusis 778 

Questionnaire; GAD-7, Generalized Anxiety Disorder questionnaire; PHQ-9, Patient Health Questionnaire; 779 

ISI, Insomnia Severity Index. ** = p < 0.01, *** = p < 0.001. 780 
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TABLE 5. IHS total scores and scores for its five factors for patients with and 782 

without hyperacusis as categorized based on ULLmin values and HQ scores. 95% CIs 783 

for the differences and significances of the differences across categories are shown. The 784 

number of patients is indicated by n.       785 

 Diagnosed based on ULLmin Diagnosed based on HQ  

 Hyperacusis 

present   Mean 

(SD)  

No 

hyperacusis 

Mean (SD)  

95% 

CI and p 

value 

Hyperacusis 

present   Mean 

(SD) 

No 

hyperacusis 

Mean (SD)  

95% CI and 

p value  

IHS total  61 (21)  

n = 25 

50 

(17)  

n = 65  

-

19.8 to -

3.1  

p = 

0.007** 

65.8 (18.4) 

n = 42 

46 

(14.3)  

n = 56  

-26.3 to -

3.2 p<0.001*** 

Factor 1  

(General 

loudness)  

8.8 (2.3)  

n = 25 

6.8 

(2.9)  

n = 65  

-3.3 

to -0.72 

p = 

0.003** 

9.3 (2.4)  

n = 42 

6.3 

(2.5)  

n = 56  

-3.9 to -

1.98 

p<0.001*** 

Factor 2 

(Emotional 

arousal)  

13.8 (4.7)  

n = 25 

10.8 

(4.3)  

n = 65  

-5.0 

to -0.90  

p = 

0.005** 

14.6 (4.2)  

n = 42 

9.9 

(3.6)  

n = 56  

-6.3 to -

3.12 

p<0.001*** 

Factor 3 

(Psychosocial)   

17.7 (7.7)  

n = 25 

14.7 

(5.9)  

n = 65  

-5.9 

to 0.05 p 

= 0.054 

19.5 (7)  

n = 42 

13.6 

(5.5)  

n = 56  

-8.3 to -3.3 

p<0.001*** 

Factor 4 

(Functional 

impact)  

16.5 (5.7)  

n = 25 

13.7 

(4.4)  

n = 65  

-4.9 

to -0.49 

p = 

0.017* 

17.3 (4.9)  

n = 42 

12.7 

(3.9)  

n = 56  

-6.4 to -2.8 

p<0.001*** 

Factor 5 

(Communication)   

4.5 (2.3)  

n = 25 

3.7 

(1.9)  

n = 65  

-

1.78 to 

0.13  

p = 

0.089 

5.1 (2.2)  

n = 42 

3.4 

(1.9)  

n = 56  

-2.5 to -

0.82 

p<0.001*** 

 786 

IHS, Inventory of Hyperacusis Symptoms; HQ, Hyperacusis Questionnaire; ULLmin, average ULLs at 787 

0.25, 0.5, 1, 2, 4 and 8 kHz for the ear with the lower average ULL. * = p < 0.05, ** = p < 0.01, *** = p < 788 

0.001. 789 


