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1, André Goedegebure1,2

1 Department of Otorhinolaryngology and Head and Neck Surgery, Erasmus MC, The Netherlands,

2 Department of Epidemiology, Erasmus MC, The Netherlands

* b.oosterloo@erasmusmc.nl

Abstract

Introduction

Hearing loss (HL) is a frequent problem among the elderly and has been studied in many

cohort studies. However, pure tone audiometry—the gold standard—is rather time-consum-

ing and costly for large population-based studies. We have investigated if self-reported

hearing loss, using a multiple choice question, can be used to assess HL in absence of pure

tone audiometry.

Methods

This study was performed within 4,906 participants of the Rotterdam Study. The question

(in Dutch) that was investigated was: ‘Do you have any difficulty with your hearing (without

hearing aids)?’. The answer options were: ’never’, ’sometimes’, ’often’ and ’daily’. Mild hear-

ing loss or worse was defined as PTA0.5-4(Pure Tone Average 0.5, 1, 2 & 4 kHz)�20dBHL

and moderate HL or worse as�35dBHL. A univariable linear regression model was fitted

with the PTA0.5–4 and the answer to the question. Subsequently, sex, age and education

were added in a multivariable linear regression model. The ability of the question to classify

HL, accounting for sex, age and education, was explored through logistic regression models

creating prediction estimates, which were plotted in ROC curves.

Results

The variance explained (R2) by the univariable regression was 0.37, which increased sub-

stantially after adding age (R2 = 0.60). The addition of sex and educational level, however,

did not alter the R2 (0.61). The ability of the question to classify hearing loss, reflected in the

area under the curve (AUC), was 0.70 (95% CI 0.68, 0.71) for mild hearing loss or worse

and 0.86 (95% CI 0.85, 0.87) for moderate hearing loss or worse. The AUC increased sub-

stantially when sex, education and age were taken into account (AUC mild HL: 0.73 (95%CI

0.71, 0.75); moderate HL 0.90 (95%CI 0.89, 0.91)).
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Conclusion

Self-reported hearing loss using a single question has a good ability to detect hearing loss in

older adults, especially when age is accounted for. A single question cannot substitute audi-

ometry, but it can assess hearing loss on a population level with reasonable accuracy.

Introduction

Age-related hearing loss (ARHL) is considered to be one of the most common chronic disor-

ders among the elderly [1–3]. Generally, world-wide life expectancy increases, resulting in an

upsurge of age-related health problems, including hearing loss. The prevalence of hearing loss

in people over 65 years old ranges from 29% to 47%, based on the WHO definition of the pure

tone average over 0.5, 1, 2 and 4 kHz in the better ear (PTA0.5–4)>25 decibel hearing level

(dBHL) [1–4]. Its impact is substantial, as it is associated with social withdrawal, cognitive

decline and depression [5–8]. The gold standard for measuring hearing loss is pure tone audi-

ometry, which is not always available in large population-based studies. Self-reporting scales

regarding hearing are more readily available and are therefore often used in the absence of

pure tone audiometry [9, 10].

The assessment of subjective hearing loss in an ageing population through a single question

or through questionnaires has been extensively investigated over the last two decades. Self-

reporting is suitable for estimating the prevalence of hearing impairment, particularly for

moderate to severe hearing loss [11]. The most commonly used, validated questionnaire is the

hearing handicap inventory for the elderly (HHIE) [10, 12], and its screening version (HHIE-

s) [13]. In addition, there are several studies that investigated a single question format. A

review of 10 studies published between 1990 and 2004, concluded that a single question is able

to identify hearing loss (especially moderate and severe) in adults over 60 years of age [14].

This review concludes that a single question is an acceptable substitute when audiometric mea-

surements are not available, for example in epidemiological studies [14]. An overall linear rela-

tionship between self-reported hearing loss and pure tone audiometry is reported, although

trends towards underestimation of hearing loss can be noted, especially in subjects younger

than 60 years [15].

However, several issues remain to be addressed when using a question to estimate hearing

loss in a general elderly population. First of all, many studies also included younger adults

(from 20 years old), which has a significant influence on the outcome. At this young age, hear-

ing is generally good and will be adequately reported as no hearing problems, in contrast to an

elderly population characterized by a much higher prevalence of hearing loss. Secondly, most

conclusions are based on the identification of (PTA0.5–4)� 40 dBHL, thereby excluding sligh-

ter hearing loss. Slight hearing loss may already lead to communication problems in everyday

situations, but is harder to identify as such on an individual level. It would therefore be of

added value if a question could also differentiate between various degrees of hearing loss. A

third point that deserves attention is how individual characteristics, including age and sex,

may influence the outcome. Most studies report whether certain subgroups of individuals are

better or worse at judging their hearing capacity. However, none of the studies have investi-

gated how these easily obtained participant characteristics may actually be used to improve the

estimation of hearing loss using a single question format.

The aim of our study was to investigate the reliability of a single question in assessing hear-

ing loss in a large, ageing population. We used two thresholds for PTA0.5–4: >20 dBHL (mild
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or worse) and>35 dBHL (moderate or worse). Additionally, we investigated the ability of the

question to assess hearing loss when adding individual characteristics, including age, sex and

level of education.

Methods

Study subjects

This study was part of the Rotterdam Study, a prospective cohort study that has been ongoing

since 1990, in which risk factors for common diseases are investigated in an ageing population

[16, 17]. We report on data collected between February 2011 and June 2016. People aged 45

years and older were invited for participation via the population registry of Ommoord, a sub-

urb of Rotterdam, The Netherlands. A total of 4,906 participants underwent both a home

interview and pure tone audiometry by an experienced audiometrist in a dedicated research

center in Ommoord. When individuals were screened at multiple time points, only the most

recent one was taken into analysis.

The Rotterdam Study has been approved by the medical ethics committee of the Erasmus

MC (registration number MEC 02.1015) and by the Dutch Ministry of Health, Welfare and

Sport (Population Screening Act WBO, license number 1071272-159521-PG). The Rotterdam

Study has been entered into the Netherlands National Trial Register (www.trialregister.nl) and

into the World Health Organization International Clinical Trials Registry Platform (who.int/

ictrp/network/primary/en/) under shared catalog number NTR6831. All participants provided

written informed consent to participate in the study.

Interview

Each participant underwent an extensive home interview on health, background and environ-

mental factors, before visiting the research center [16]. Participants were asked the following

question (in Dutch), similar to that used in previous studies [18]: ‘Do you have any difficulty

with your hearing (without hearing aids)?’ with answers ranging on a 4-point scale: ‘No, I

always hear everything’, ‘Yes, sometimes I do not hear what is being said’, ‘Yes, I regularly do

not hear what is being said’ or ‘Yes, I almost never hear what is being said’. Amongst many

other parameters, highest achieved educational level was noted, using the UNESCO classifica-

tion [19].

Pure tone audiometry

For all audiometric measurements, a clinical audiometer was used (Decos audiology worksta-

tion, version 210.2.6, with AudioNigma interface; Decos Audiology, Inc., Peachtree City, GA)

with TDH-39P earphones. Measurements were performed in a professional soundproof

booth. Hearing thresholds were set at the intensity level at which the tone was heard in 2 out of

3 ascents, according to the ISO standard 8253–1 [20]. If no response was obtained, even at

maximum stimulation level for that given frequency, the threshold was set at 5 dB above maxi-

mum stimulation level. Air-conduction thresholds were obtained at octave frequencies 0.25,

0.5, 1, 2, 4 and 8 kHz. The subjectively better ear was measured first. For the analyses, we used

a mid-frequency average at 0.5, 1, 2 and 4 kHz (PTA0.5–4) in the better ear and cut-offs pro-

posed by the WHO [4, 21, 22].

Statistical analysis

Data management and analyses were done using IBM SPSS Statistics 24. A univariable linear

regression model was created to investigate the association between the interview answers and

Identification of hearing loss in older adults through a single question

PLOS ONE | https://doi.org/10.1371/journal.pone.0228349 January 27, 2020 3 / 11

http://www.trialregister.nl/
https://doi.org/10.1371/journal.pone.0228349


PTA0.5–4 with forward selection of the independent variables sex, level of education and age.

These three independent variables were chosen because they are easily assessed in a clinical sit-

uation. Independent variables were tested for their contribution to the regression with a Likeli-

hood Ratio Test. The independent variable with the largest change in goodness of fit (R2) was

first taken into the model and the other independent variables were added subsequently. The

beta’s standardized regression coefficients were reported to show the effect sizes of the associa-

tions found.

For our next analyses, interview answers were dichotomized. For mild hearing loss (or

worse), defined as PTA0.5–4�20 dBHL in the better ear, only the first answer option was con-

sidered negative (‘No, I always hear everything’) and all other answers were considered posi-

tive. For moderate to severe hearing loss (or worse), defined as PTA0.5–4�35 dBHL in the

better ear, the first two answer options (‘No, I always hear everything’ and ‘Yes, sometimes I

do not hear what is being said’) were considered negative and the other answers were consid-

ered positive [4]. With these dichotomized outcomes, we calculated sensitivity, specificity as

well as negative and positive predictive values. Subsequently, a logistic regression model was

fitted to calculate prediction estimates. Hearing loss was the outcome variable and the dichoto-

mized interview answers were the investigated predictive values. The same independent vari-

ables from the final linear regression model were also used in the logistic regression model.

The prediction estimates were used to plot receiver operating characteristic (ROC) curves. The

area under the curve (AUC) was calculated to determine the discriminatory value of the ques-

tion for hearing loss.

Secondary analysis. The full logistic regression model was repeated to calculate prediction

estimates in a dataset stratified on age (<65 years of age, 65–80 years of age and>80 years of

age). These prediction estimates were used to find the discriminatory value of self-reported

hearing loss within each age category.

Results

Hearing loss as a continuous variable

Characteristics of the study population (n = 4,906) are listed in Table 1. We found a higher

average hearing threshold in men, older participants and participants with only primary school

level education (S1 Table). Distribution of the answers to the question was categorized per 20

dBHL hearing loss (Fig 1). As the hearing loss increased, the answers shifted from ‘no’ or

‘sometimes a problem’ to ‘often’ or ‘almost always a problem’. Above 40 dBHL (PTA0.5–4)

hearing loss, almost all participants confirmed to have some degree of hearing problems.

Univariable linear regression analysis showed an increase of the PTA0.5–4 hearing threshold

by 10.5 dB (95%CI 10.07, 10.85) for each step up in subjective difficulty in hearing (Table 2).

Adding either sex, education or age led to a significant improvement of the regression

(p<0.0001). The largest increase of the explained variance was seen for the factor “age” (R2

increase from 0.37 to 0.60, Fig 2). The subsequent addition of education and sex to the regres-

sion improved the model (p<0.0001), although the explained variance remained almost

unchanged (R2 0.61).

Hearing loss as a dichotomous variable

Table 3 shows the 2x2 tables for the dichotomized answers and the presence of hearing loss

(PTA0.5–4) (mild:� 20 dBHL / moderate:� 35dBHL). Prevalence of subjective mild hearing

loss was 51.3% against 52.6% for objective mild hearing loss, while prevalence of subjective

moderate hearing loss was 17.8% against 19.8% for objective moderate hearing loss.

Identification of hearing loss in older adults through a single question
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The numbers in the 2x2 table were used to calculate sensitivity (mild hearing loss 69.9%,

moderate hearing loss 54.8%), specificity (mild hearing loss 69.2%, moderate hearing loss

91.4%), positive predictive value (mild hearing loss 71.5%, moderate hearing loss 61.1%) and

negative predictive value (mild hearing loss 67.4%, moderate hearing loss 89.1%).

A logistic regression model was used to identify the presence or absence of hearing loss

at� 20 dBHL and� 35dBHL (PTA0.5–4), based on the question. Sex, education and age were

taken into account as independent variables. The ability to identify mild hearing loss (PTA0.5–4

� 20 dBHL), reflected in the AUC, was 0.70 (95% CI 0.68, 0.71). This increased when sex, edu-

cation and age were taken into account (AUC: 0.86 (95% CI 0.85, 0.87)). The AUC for the

identification of moderate hearing loss was 0.73 (95%CI 0.71, 0.75), which increased to 0.90

(95%CI 0.89, 0.91) with the addition of sex, education and age.

In a secondary analysis, a logistic regression model, adjusted for age, sex and education,

was repeated in a dataset stratified in 3 age categories (<65 years of age, 65–80 years of age and

>80 years of age). The AUC for mild hearing loss (PTA0.5–4� 20 dBHL) was highest for the

oldest and lowest for the youngest age group (AUC <65 years 0.75 (95%CI 0.73, 0.78); 65–80

years 0.79 (95%CI 0.77,0.81); >80 years 0.81 (95%CI 0.76, 0.85)). For moderate hearing loss,

the AUC was highest for the youngest age group and decreased with increasing age (AUC <65

years 0.86 (95%CI 0.80, 0.92); 65–80 0.83 (95%CI 0.81, 0.85); >80 years 0.79 (95%CI 0.76,

0.82)).

Discussion

In this study, we investigated the ability of the question ‘Do you have any difficulty with your

hearing (without hearing aids)?’ to classify the severity of hearing loss measured by pure tone

audiometry in an ageing population, using a four-category response. We have shown that this

Table 1. Characteristics of participants who had been asked the question: ‘Do you have any difficulty with your

hearing?’. Hearing thresholds were averaged over 0.5, 1, 2 & 4 kHz (PTA0.5–4).

N 4,906

Mean age, years (SD) 69.6 (9.8)

Age range, years 51.4–100.7

Female, % 56.3

Average hearing threshold, dBHL (SD) 24.5 (13.9)

Mild hearing loss or worse (PTA0.5–4), %

No (<20 dBHL) 47.4

Yes (� 20dBHL) 52.6

Moderate hearing loss or worse (PTA0.5–4), %

No (< 35 dBHL) 80.2

Yes (� 35 dBHL) 19.8

Level of education, %

Primary 7.8

Lower 38.9

Intermediate 30.0

Higher 23.3

Answer to the question, %

Never 48.7

Sometimes 33.6

Regularly 15.6

Often 1.9

https://doi.org/10.1371/journal.pone.0228349.t001
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single question can be used to identify both mild and moderate hearing loss with reasonable

accuracy. The ability of the question to identify hearing loss increases substantially when other

factors are taken into account, with age being the most important one.

Our results are in line with the increasing support in literature for using a single question as

an estimator for hearing loss in absence of pure tone audiometry [14, 15, 23–28]. There is a

growing general interest in applying this concept to large population-based studies, for which

time or other resources to perform audiometry are not available [29, 30]. We have shown that

for these large population-based studies, a single question (adjusted for age, sex and highest

achieved education) is a good surrogate for the actual hearing ability. Nevertheless, a single

question might also be of value from a clinical perspective to identify populations at risk for

hearing loss and should therefore be taken in consideration for screening purposes. Of course,

one question testing is not meant to replace pure tone audiometry in the assessment of hearing

in an individual.

In addition, we compared the ability of the same question to assess both mild (PTA0.5–4

�20 dBHL) and moderate hearing loss (PTA0.5–4�35 dBHL). The predictive ability of the

Fig 1. Distribution of answers to the question: ‘Do you have any difficulty with your hearing?’. Per 15dB hearing loss (PTA0.5–4) in the better ear.

https://doi.org/10.1371/journal.pone.0228349.g001
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question for hearing loss (when taking age, sex and educational level into account) was 88%

for mild hearing loss and 92% for moderate hearing loss. This is slightly higher than the previ-

ously reported ability of the HHIE-s to detect hearing loss (cut-off point at 8), where the AUC

was 79% and 86% for mild and moderate hearing loss, respectively [31]. A single question is

thought to be at least as good as or better than the HHIE-s, in detecting both mild and moder-

ate hearing loss [12, 31]. One of the reasons is that HHIE-s has a broader scope than identify-

ing hearing loss, as the HHIE(-s) also measures the possible impact of hearing loss on daily life

[9]. Generally, a single question identifies moderate hearing loss better than mild hearing loss

[14, 31, 32]. Nevertheless, we found that, when some participant characteristics are taken into

account, the single question is able to also identify mild hearing loss. This might be explained

by the fact that we used a 4-category response, instead of a simple yes/no, which allows for dis-

tinguishing between different grades of auditory-performance problems. Therefore, it is advis-

able to use more than two categories when it is also important to identify mild hearing loss.

Self-reporting always comes with the risk of misclassification bias, resulting in under- and

overestimation. Age, sex and educational level, amongst other factors, are shown to be associ-

ated with identification of self-reported hearing loss [24, 25, 33] and objective hearing loss and

are easily assessable in any situation [1, 14, 15, 24, 33, 34]. We found age, sex and educational

level to increase the ability of the question to identify hearing loss, with age being the most

important factor by far. When accounting only for age, the answer to our single question

explained 61% of the hearing threshold, an increase of 24%-points. Older participants appear

to be better at reporting their limitations in hearing ability than younger participants. An

explanation might be that it is socially more acceptable for older people to experience hearing

impairment. Compensation mechanisms for hearing loss do not function as well in older as

they do in younger persons [35]. The role of age in the correct identification of hearing loss

may also be attributable to the difference in prevalence of hearing loss, as reflected in the strati-

fied analyses. As hearing is generally good in younger people, moderate hearing loss is uncom-

mon, underestimation of hearing impairment and its symptoms is hardly possible. There

might even be a bigger chance of overestimation of the hearing loss because the younger peo-

ple often find themselves in more challenging listening environments. In older people with

more prevalent hearing loss, both under- and overestimation are possible. The oldest group

Table 2. Results from the linear regression analysis for the question: ‘Do you have any difficulty with your hear-

ing?’. First, univariable analysis was done. Then each of the independent covariates were added, initially separately

and later together. Beta’s reflect the number of decibel change in the PTA0.5–4 with each step up in degree of subjective

hearing loss (never, sometimes, regularly, or often). R2 is given as a measure of the goodness of fit of the model.

Intercept

(95%CI)

Beta

(95%CI)

R2

Univariable 17.05

(16.64, 17.47)

10.46

(10.07, 10.85)

0.37

+ sex 17.65

(17.10, 18.21)

10.41

(10.02, 10.80)

0.38

+ education 19.74

(19.03, 20.45)

10.37

(9.98, 10.75)

0.39

+ age

(/ year)

-30.66

(-32.45, -28.87)

8.26

(7.94, 8.58)

0.60

+age + education -29.02

(-30.96, -27.09)

8.24

(7.92, 8.57)

0.61

+ age + sex + education -27.56

(-29.54, -25.59)

8.16

(7.84, 8.49)

0.61

https://doi.org/10.1371/journal.pone.0228349.t002
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Fig 2. Results from the linear regression analysis for the question: ‘Do you have any difficulty with your hearing?’. First univariable analysis was done, then each of

the independent covariates were added, initially separately and later together. R2 is given as a measure of the goodness of fit of the model.

https://doi.org/10.1371/journal.pone.0228349.g002

Table 3. Crosstab for the dichotomized answers to the question ‘Do you have any difficulty with your hearing?’. For defining mild hearing loss, all positive answers

were included. For moderate hearing loss, “regularly” and “often” were the answer options included. These subjective measures were compared to the objective PTA0.5–4,

mild:�20dBHL, and moderate:�35dBHL. Number of participants are depicted in each category.

Whole population < 65 years 65–80 years > 80 years

Subjective hearing loss No Yes Preva-lence

(%)

No Yes Preva-lence

(%)

No Yes Preva-lence

(%)

No Yes Preva-lence

(%)

Mild hearing loss�20dBHL No 1,610 715 47.4% 911 468 77.5% 643 226 37.6% 56 21 9.4%

Yes 777 1,804 52.6% 113 287 22.5% 481 960 62.4% 183 557 90.6%

Prevalence (%) 48.7% 51.3% 57.7% 42.3% 48.7% 52.3% 29.3% 70.7%

Moderate hearing loss� 35

dBHL

No 3,593 340 80.2% 1,570 149 96.6% 1,705 151 80.3% 318 40 43.8%

Yes 440 533 19.8% 17 43 3.4% 206 248 19.7% 217 242 56.2%

Prevalence (%) 82.2% 17.8% 89.2% 9.1% 82.7% 17.3% 65.5% 34.5%

https://doi.org/10.1371/journal.pone.0228349.t003
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(>80 years) has the highest AUC for mild hearing loss, which is understandable as almost all

people in that age group have some form of hearing loss.

Conclusion

Self-reported hearing loss, using the question ‘Do you have any difficulty with your hearing

(without hearing aids)?’, has reasonable ability to detect both mild and moderate hearing loss

in older adults, especially when the age of the individual is factored into the answer. This find-

ing is mainly of importance for large population-based studies in which audiometry is absent

but hearing loss still has to be quantified. A single question cannot substitute regular audiome-

try, but it is able to assess hearing on a population level with reasonable accuracy, adjusted for

the age of the individuals.
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Supervision: Rob J. Baatenburg de Jong, M. Arfan Ikram, A. Paul Nagtegaal, André
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André Goedegebure.

References
1. Homans NC, Metselaar RM, Dingemanse JG, van der Schroeff MP, Brocaar MP, Wieringa MH, et al.

Prevalence of age-related hearing loss, including sex differences, in older adults in a large cohort study.

Laryngoscope. 2017; 127(3):725–30. Epub 2016/07/06. https://doi.org/10.1002/lary.26150 PMID:

27377351.

2. Moscicki EK, Elkins EF, Baum HM, McNamara PM. Hearing loss in the elderly: an epidemiologic study

of the Framingham Heart Study Cohort. Ear Hear. 1985; 6(4):184–90. Epub 1985/07/01. PMID:

4043571.

3. Roth TN, Hanebuth D, Probst R. Prevalence of age-related hearing loss in Europe: a review. Eur Arch

Otorhinolaryngol. 2011; 268(8):1101–7. Epub 2011/04/19. https://doi.org/10.1007/s00405-011-1597-8

[pii]. PubMed Central PMCID: PMC3132411. PMID: 21499871

Identification of hearing loss in older adults through a single question

PLOS ONE | https://doi.org/10.1371/journal.pone.0228349 January 27, 2020 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228349.s001
https://doi.org/10.1002/lary.26150
http://www.ncbi.nlm.nih.gov/pubmed/27377351
http://www.ncbi.nlm.nih.gov/pubmed/4043571
https://doi.org/10.1007/s00405-011-1597-8
http://www.ncbi.nlm.nih.gov/pubmed/21499871
https://doi.org/10.1371/journal.pone.0228349


4. World Health Organisation W. Grades of hearing impairment [World Health Organisation Web site].

2015. Available from: http://www.who.int/pbd/deafness/hearing_impairment_grades/en/.

5. Lin FR, Yaffe K, Xia J, Xue QL, Harris TB, Purchase-Helzner E, et al. Hearing loss and cognitive decline

in older adults. JAMA Intern Med. 2013; 173(4):293–9. Epub 2013/01/23. 1558452 [pii] https://doi.org/

10.1001/jamainternmed.2013.1868 PMID: 23337978; PubMed Central PMCID: PMC3869227.

6. Wayne RV, Johnsrude IS. A review of causal mechanisms underlying the link between age-related

hearing loss and cognitive decline. Ageing Res Rev. 2015; 23(Pt B):154–66. Epub 2015/07/01. S1568-

1637(15)00070-7 [pii] https://doi.org/10.1016/j.arr.2015.06.002 PMID: 26123097.

7. Curhan SG, Willett WC, Grodstein F, Curhan GC. Longitudinal study of hearing loss and subjective cog-

nitive function decline in men. Alzheimers Dement. 2019; 15(4):525–33. Epub 2019/02/03. S1552-5260

(18)33606-9 [pii] https://doi.org/10.1016/j.jalz.2018.11.004 PMID: 30709794; PubMed Central PMCID:

PMC6461517.

8. Lawrence BJ, Jayakody DMP, Bennett RJ, Eikelboom RH, Gasson N, Friedland PL. Hearing Loss and

Depression in Older Adults: A Systematic Review and Meta-analysis. Gerontologist. 2019. Epub 2019/

03/06. 5369884 [pii] https://doi.org/10.1093/geront/gnz009 PMID: 30835787.

9. Lichtenstein MJ, Bess FH, Logan SA. Diagnostic performance of the hearing handicap inventory for the

elderly (screening version) against differing definitions of hearing loss. Ear Hear. 1988; 9(4):208–11.

Epub 1988/08/01. https://doi.org/10.1097/00003446-198808000-00006 PMID: 3169401.

10. Ventry IM, Weinstein BE. The hearing handicap inventory for the elderly: a new tool. Ear Hear. 1982; 3

(3):128–34. Epub 1982/05/01. https://doi.org/10.1097/00003446-198205000-00006 PMID: 7095321.

11. Fredriksson S, Hammar O, Magnusson L, Kahari K, Persson Waye K. Validating self-reporting of hear-

ing-related symptoms against pure-tone audiometry, otoacoustic emission, and speech audiometry. Int

J Audiol. 2016; 55(8):454–62. Epub 2016/05/20. https://doi.org/10.1080/14992027.2016.1177210

PMID: 27195802.

12. Deepthi R, Kasthuri A. Validation of the use of self-reported hearing loss and the Hearing Handicap

Inventory for elderly among rural Indian elderly population. Arch Gerontol Geriatr. 2012; 55(3):762–7.

Epub 2012/08/18. S0167-4943(12)00148-3 [pii] https://doi.org/10.1016/j.archger.2012.07.006 PMID:

22898672.

13. Ventry IM, Weinstein BE. Identification of elderly people with hearing problems. ASHA. 1983; 25(7):37–

42. Epub 1983/07/01. PMID: 6626295.

14. Valete-Rosalino CM, Rozenfeld S. Auditory screening in the elderly: comparison between self-report

and audiometry. Braz J Otorhinolaryngol. 2005; 71(2):193–200. Epub 2006/02/01. S1808-8694(15)

31310-0 [pii] /S0034-72992005000200013. https://doi.org/10.1016/s1808-8694(15)31310-0 PMID:

16446917.

15. Choi JS, Betz J, Deal J, Contrera KJ, Genther DJ, Chen DS, et al. A Comparison of Self-Report and

Audiometric Measures of Hearing and Their Associations With Functional Outcomes in Older Adults. J

Aging Health. 2016; 28(5):890–910. Epub 2015/11/11. 0898264315614006 [pii] https://doi.org/10.1177/

0898264315614006 PMID: 26553723.

16. Ikram MA, Brusselle GGO, Murad SD, van Duijn CM, Franco OH, Goedegebure A, et al. The Rotterdam

Study: 2018 update on objectives, design and main results. Eur J Epidemiol. 2017; 32(9):807–50. Epub

2017/10/25. https://doi.org/10.1007/s10654-017-0321-4 [pii]. PMID: 29064009; PubMed Central

PMCID: PMC5662692.

17. Hofman A, Grobbee DE, de Jong PT, van den Ouweland FA. Determinants of disease and disability in

the elderly: the Rotterdam Elderly Study. Eur J Epidemiol. 1991; 7(4):403–22. Epub 1991/07/01. https://

doi.org/10.1007/bf00145007 PMID: 1833235.

18. Chou R, Dana T, Bougatsos C, Fleming C, Beil T. Screening adults aged 50 years or older for hearing

loss: a review of the evidence for the U.S. preventive services task force. Ann Intern Med. 2011; 154

(5):347–55. Epub 2011/03/02. 154/5/347 [pii] https://doi.org/10.7326/0003-4819-154-5-201103010-

00009 PMID: 21357912.

19. United Nations Educational SaCOU. International Standard Classification of Education (ISCED). 1976.

20. ISO. Part 1: Pure-tone air and bone conduction audiometry. ISO 8253–1:2010, Acoustics—Audiometric

test methods—. 2010.

21. Humes LE. The World Health Organization’s hearing-impairment grading system: an evaluation for

unaided communication in age-related hearing loss. Int J Audiol. 2019; 58(1):12–20. Epub 2018/10/16.

https://doi.org/10.1080/14992027.2018.1518598 PMID: 30318941; PubMed Central PMCID:

PMC6351193.

22. Stevens G, Flaxman S, Brunskill E, Mascarenhas M, Mathers CD, Finucane M, et al. Global and

regional hearing impairment prevalence: an analysis of 42 studies in 29 countries. Eur J Public Health.

2013; 23(1):146–52. Epub 2011/12/27. ckr176 [pii] https://doi.org/10.1093/eurpub/ckr176 PMID:

22197756.

Identification of hearing loss in older adults through a single question

PLOS ONE | https://doi.org/10.1371/journal.pone.0228349 January 27, 2020 10 / 11

http://www.who.int/pbd/deafness/hearing_impairment_grades/en/
https://doi.org/10.1001/jamainternmed.2013.1868
https://doi.org/10.1001/jamainternmed.2013.1868
http://www.ncbi.nlm.nih.gov/pubmed/23337978
https://doi.org/10.1016/j.arr.2015.06.002
http://www.ncbi.nlm.nih.gov/pubmed/26123097
https://doi.org/10.1016/j.jalz.2018.11.004
http://www.ncbi.nlm.nih.gov/pubmed/30709794
https://doi.org/10.1093/geront/gnz009
http://www.ncbi.nlm.nih.gov/pubmed/30835787
https://doi.org/10.1097/00003446-198808000-00006
http://www.ncbi.nlm.nih.gov/pubmed/3169401
https://doi.org/10.1097/00003446-198205000-00006
http://www.ncbi.nlm.nih.gov/pubmed/7095321
https://doi.org/10.1080/14992027.2016.1177210
http://www.ncbi.nlm.nih.gov/pubmed/27195802
https://doi.org/10.1016/j.archger.2012.07.006
http://www.ncbi.nlm.nih.gov/pubmed/22898672
http://www.ncbi.nlm.nih.gov/pubmed/6626295
https://doi.org/10.1016/s1808-8694(15)31310-0
http://www.ncbi.nlm.nih.gov/pubmed/16446917
https://doi.org/10.1177/0898264315614006
https://doi.org/10.1177/0898264315614006
http://www.ncbi.nlm.nih.gov/pubmed/26553723
https://doi.org/10.1007/s10654-017-0321-4
http://www.ncbi.nlm.nih.gov/pubmed/29064009
https://doi.org/10.1007/bf00145007
https://doi.org/10.1007/bf00145007
http://www.ncbi.nlm.nih.gov/pubmed/1833235
https://doi.org/10.7326/0003-4819-154-5-201103010-00009
https://doi.org/10.7326/0003-4819-154-5-201103010-00009
http://www.ncbi.nlm.nih.gov/pubmed/21357912
https://doi.org/10.1080/14992027.2018.1518598
http://www.ncbi.nlm.nih.gov/pubmed/30318941
https://doi.org/10.1093/eurpub/ckr176
http://www.ncbi.nlm.nih.gov/pubmed/22197756
https://doi.org/10.1371/journal.pone.0228349


23. Ferrite S, Santana VS, Marshall SW. Validity of self-reported hearing loss in adults: performance of

three single questions. Rev Saude Publica. 2011; 45(5):824–30. Epub 2011/08/03. S0034-

89102011005000050 [pii]. https://doi.org/10.1590/s0034-89102011005000050 PMID: 21808834.

24. Kamil RJ, Genther DJ, Lin FR. Factors associated with the accuracy of subjective assessments of hear-

ing impairment. Ear Hear. 2015; 36(1):164–7. Epub 2014/08/28. https://doi.org/10.1097/AUD.

0000000000000075 PMID: 25158982; PubMed Central PMCID: PMC4272625.

25. Kim SY, Kim HJ, Kim MS, Park B, Kim JH, Choi HG. Discrepancy between self-assessed hearing status

and measured audiometric evaluation. PLoS One. 2017; 12(8):e0182718. Epub 2017/08/10. https://doi.

org/10.1371/journal.pone.0182718 PONE-D-16-26950 [pii]. PMID: 28792529; PubMed Central

PMCID: PMC5549722.

26. Louw C, Swanepoel W, Eikelboom RH. Self-Reported Hearing Loss and Pure Tone Audiometry for

Screening in Primary Health Care Clinics. J Prim Care Community Health. 2018;

9:2150132718803156. Epub 2018/10/04. https://doi.org/10.1177/2150132718803156 PMID:

30278815; PubMed Central PMCID: PMC6170964.

27. Ramkissoon I, Cole M. Self-reported hearing difficulty versus audiometric screening in younger and

older smokers and nonsmokers. J Clin Med Res. 2011; 3(4):183–90. Epub 2011/11/29. https://doi.org/

10.4021/jocmr611w PMID: 22121402; PubMed Central PMCID: PMC3194014.

28. Salonen J, Johansson R, Karjalainen S, Vahlberg T, Isoaho R. Relationship between self-reported

hearing and measured hearing impairment in an elderly population in Finland. Int J Audiol. 2011; 50

(5):297–302. Epub 2011/02/10. https://doi.org/10.3109/14992027.2010.549517 PMID: 21303228.

29. German National Cohort C. The German National Cohort: aims, study design and organization. Eur J

Epidemiol. 2014; 29(5):371–82. Epub 2014/05/21. https://doi.org/10.1007/s10654-014-9890-7 PMID:

24840228; PubMed Central PMCID: PMC4050302.

30. Dawes P, Fortnum H, Moore DR, Emsley R, Norman P, Cruickshanks K, et al. Hearing in middle age: a

population snapshot of 40- to 69-year olds in the United Kingdom. Ear Hear. 2014; 35(3):e44–51. Epub

2014/02/13. https://doi.org/10.1097/AUD.0000000000000010 PMID: 24518430; PubMed Central

PMCID: PMC4264521.

31. Sindhusake D, Mitchell P, Smith W, Golding M, Newall P, Hartley D, et al. Validation of self-reported

hearing loss. The Blue Mountains Hearing Study. Int J Epidemiol. 2001; 30(6):1371–8. Epub 2002/02/

01. https://doi.org/10.1093/ije/30.6.1371 PMID: 11821349.

32. Nondahl DM, Cruickshanks KJ, Wiley TL, Tweed TS, Klein R, Klein BE. Accuracy of self-reported hear-

ing loss. Audiology. 1998; 37(5):295–301. Epub 1998/10/17. https://doi.org/10.3109/

00206099809072983 PMID: 9776206.

33. Kiely KM, Gopinath B, Mitchell P, Browning CJ, Anstey KJ. Evaluating a dichotomized measure of self-

reported hearing loss against gold standard audiometry: prevalence estimates and age bias in a pooled

national data set. J Aging Health. 2012; 24(3):439–58. Epub 2011/12/30. 0898264311425088 [pii]

https://doi.org/10.1177/0898264311425088 PMID: 22205434.

34. Kim S, Lim EJ, Kim HS, Park JH, Jarng SS, Lee SH. Sex Differences in a Cross Sectional Study of Age-

related Hearing Loss in Korean. Clin Exp Otorhinolaryngol. 2010; 3(1):27–31. Epub 2010/04/10. https://

doi.org/10.3342/ceo.2010.3.1.27 PMID: 20379399; PubMed Central PMCID: PMC2848315.

35. Mohrle D, Ni K, Varakina K, Bing D, Lee SC, Zimmermann U, et al. Loss of auditory sensitivity from

inner hair cell synaptopathy can be centrally compensated in the young but not old brain. Neurobiol

Aging. 2016; 44:173–84. Epub 2016/06/19. S0197-4580(16)30062-8 [pii] https://doi.org/10.1016/j.

neurobiolaging.2016.05.001 PMID: 27318145.

Identification of hearing loss in older adults through a single question

PLOS ONE | https://doi.org/10.1371/journal.pone.0228349 January 27, 2020 11 / 11

https://doi.org/10.1590/s0034-89102011005000050
http://www.ncbi.nlm.nih.gov/pubmed/21808834
https://doi.org/10.1097/AUD.0000000000000075
https://doi.org/10.1097/AUD.0000000000000075
http://www.ncbi.nlm.nih.gov/pubmed/25158982
https://doi.org/10.1371/journal.pone.0182718
https://doi.org/10.1371/journal.pone.0182718
http://www.ncbi.nlm.nih.gov/pubmed/28792529
https://doi.org/10.1177/2150132718803156
http://www.ncbi.nlm.nih.gov/pubmed/30278815
https://doi.org/10.4021/jocmr611w
https://doi.org/10.4021/jocmr611w
http://www.ncbi.nlm.nih.gov/pubmed/22121402
https://doi.org/10.3109/14992027.2010.549517
http://www.ncbi.nlm.nih.gov/pubmed/21303228
https://doi.org/10.1007/s10654-014-9890-7
http://www.ncbi.nlm.nih.gov/pubmed/24840228
https://doi.org/10.1097/AUD.0000000000000010
http://www.ncbi.nlm.nih.gov/pubmed/24518430
https://doi.org/10.1093/ije/30.6.1371
http://www.ncbi.nlm.nih.gov/pubmed/11821349
https://doi.org/10.3109/00206099809072983
https://doi.org/10.3109/00206099809072983
http://www.ncbi.nlm.nih.gov/pubmed/9776206
https://doi.org/10.1177/0898264311425088
http://www.ncbi.nlm.nih.gov/pubmed/22205434
https://doi.org/10.3342/ceo.2010.3.1.27
https://doi.org/10.3342/ceo.2010.3.1.27
http://www.ncbi.nlm.nih.gov/pubmed/20379399
https://doi.org/10.1016/j.neurobiolaging.2016.05.001
https://doi.org/10.1016/j.neurobiolaging.2016.05.001
http://www.ncbi.nlm.nih.gov/pubmed/27318145
https://doi.org/10.1371/journal.pone.0228349

