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Abstract

BACKGROUND/OBJECTIVES: Age-related hearing loss (ARHL) is a widely prevalent yet 

manageable condition that has been linked to neurocognitive and psychiatric comorbidities. 

Multiple barriers hinder older individuals from being diagnosed with ARHL through pure-tone 

audiometry. This is especially true during the COVID-19 pandemic, which has resulted in the 

closure of many outpatient audiology and otolaryngology offices. Smartphone-based hearing 

assessment apps may overcome these challenges by enabling patients to remotely self-administer 

their own hearing examination. The objective of this review is to provide an up-to-date overview 

of current mobile health applications (apps) that claim to assess hearing.

DESIGN: Narrative review.

MEASUREMENTS: The Apple App Store and Google Play Store were queried for apps 

that claim to assess hearing. Relevant apps were downloaded and used to conduct a mock 

hearing assessment. Names of included apps were searched on four literature databases (PubMed/

MEDLINE, EMBASE, Cochrane Library, and CINAHL) to determine which apps had been 

validated against gold standard methods.

RESULTS: App store searches identified 44 unique apps. Apps differed with respect to the type 

of test offered (e.g., hearing threshold test), cost, strategies to reduce ambient noise, test output 

(quantitative vs qualitative results), and options to export results. Validation studies were identified 

for seven apps.

CONCLUSION: Given their low cost and relative accessibility, smartphone-based hearing apps 

may facilitate screening for ARHL, particularly in the setting of limitations on in-person medical 
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care due to COVID-19. However, app features vary widely, few apps have been validated, and 

user-centered designs for older adults are largely lacking. Further research and validation efforts 

are necessary to determine whether smartphone-based hearing assessments are a feasible and 

accurate screening tool for ARHL.
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INTRODUCTION

Age-related hearing loss (ARHL) is an idiopathic degeneration of the auditory system 

associated with older age. Hearing loss is the third most common condition among older 

individuals, affecting nearly 50% of adults ages 60 to 69 and over 85% of those aged 85 

years and older.1–4 It is associated with decreased productivity,5 financial autonomy, and 

social activity6 and is a risk factor for dementia7,8 and depression.9–12 Hearing aids are 

the first-line treatment and may protect against these negative outcomes.13 However, only 

one in seven adults aged 50 years and older with hearing loss wears a hearing aid,14 and 

the average delay in adopting hearing aids is 8.9 years.15 Timely diagnosis and treatment 

of ARHL is a national public health effort that may help older populations maintain their 

independence and vitality.

Generally, ARHL affects both ears and impairs perception of high-frequency sounds (or 

pitches, e.g., 6,000–8,000 hertz [Hz]) before eventually affecting middle (1,000–4,000 

Hz) and lower (250–500 Hz) frequencies. In spoken language, consonants vibrate at high 

frequencies and are more softly spoken.16 As a result, people with ARHL tend to first 

present with difficulty understanding speech, especially in noisy environments. Because 

hearing aids work by amplifying sound only at frequencies where hearing loss is present, it 

is important to obtain accurate hearing thresholds to ensure proper programming of hearing 

aids. Improper programming can result in poorer hearing by further distorting auditory 

signals.

Formal assessment of hearing thresholds is the first step in evaluation of ARHL. The 

gold standard diagnostic method is pure-tone audiometry conducted by an audiologist in a 

soundproof room. Pure-tone audiometry identifies the lowest threshold (sound level) that 

each ear can detect at several frequencies ranging from 250 to 8,000 Hz. Plotting this 

information creates an audiogram, which is a graph of hearing threshold versus frequency. 

Unfortunately, traditional audiometry requires trained personnel, costly equipment, time and 

space, and a physical visit to an audiology clinic.

Tele-audiology is a branch of telehealth that aims to broaden access to hearing health care. 

From video consultations to remote hearing aid fittings, tele-audiology helps providers reach 

patients who are otherwise unable to come into the office, such as older individuals with 

mobility and transportation challenges or those living in medically under- served areas.17 

Tele-audiology also has the potential to help patients navigate care among geriatricians, 

audiologists, and otologists by lessening the burden of multiple in-person medical visits.

Irace et al. Page 2

J Am Geriatr Soc. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Notably, the recent COVID-19 pandemic has altered the way patients interact with the 

healthcare system. Social distancing requirements and necessary-care only regulations have 

greatly limited the ability of patients to see providers in their offices, thereby expanding the 

need for tele-audiology tools. Moreover, there may be reluctance to enter healthcare settings 

to avoid contracting COVID-19, especially among vulnerable older adults who make up the 

ARHL population.18 To combat this issue, the Centers for Medicare & Medicaid Services 

increased coverage of telemedicine services, including audiology and hearing health care, 

during the COVID-19 public health emergency.19,20

Remote hearing evaluations may help solve the multifactorial and persistent access problem 

hindering formal audiometry in older adults. For example, the National Hearing Test used 

in the Netherlands has successfully offered remote hearing testing through the telephone and 

internet.21,22 Smartphone-based mobile health applications (apps) offer another potential 

solution. In the last 5 years, older individuals have increasingly adopted smartphones and 

the mobile health app market has expanded dramatically. The percentage of U.S. adults 

aged 65 and older who own a smartphone increased from 42% in 2016 to a 53% majority 

in 2019.23,24 Between 2016 and 2017 alone, the number of mobile health apps grew over 

30% to include 325,000 apps.25 Given their growth and availability, apps offer a potential 

platform to perform hearing tests outside of the clinic setting.

There are two broad categories of apps that support hearing testing: clinical apps and 

consumer apps.26 Clinical apps essentially function as mobile audiometers that are 

administered by hearing professionals using specific, calibrated equipment.27 These apps 

are often not publicly available through app stores, which limits their accessibility.26 

Consumer apps, on the other hand, are widely available on app stores and enable users 

to self-administer a hearing test without professional involvement or specific equipment. 

Despite existing for several years, relatively few consumer apps had been validated as of 

2016.28

The objective of this review is to provide an up-to-date summary of validated and 

unvalidated consumer apps that enable users to self-administer a hearing test on a 

smartphone. The advantages and limitations of these apps will be examined while paying 

specific attention to the needs of older individuals. This topic is particularly relevant to 

geriatricians, given both the near-universal prevalence of ARHL and the role of primary care 

providers as a common gatekeeper for referral to hearing specialists.

METHODS

Search Strategy

In May 2020, two authors (Alexandria L. Irace and Rahul K. Sharma) queried apps related 

to hearing loss testing using the Apple App Store to identify iOS apps and Google Play 

Store to identify Android apps. These two app stores represented the near-total majority 

of the mobile app market at the time of this review.29 Search terms included audiogram, 

audiometry, hearing check, hearing exam, hearing loss, hearing problem, hearing test, 
and pure-tone audiometry. Apps were included if they were available to download on a 

smartphone device. We did not exclude apps that were also available to download on other 
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devices, such as a tablet computer. We focused on smartphone apps rather than tablet 

apps, because recent reports show that smartphone ownership is more prevalent than tablet 

ownership among older adults.24,30

Mobile App Screening and Selection

The titles of apps were first screened for relevance to hearing. Apps with irrelevant titles 

were excluded (e.g., titles that do not mention hearing or sound, titles describing games 

or entertainment). Apps with relevant or ambiguous titles were then manually screened 

by reviewing the app description in the app store. Apps were included if their description 

mentioned hearing testing. Apps were excluded if they did not claim to assess hearing, were 

not in English, were designed for children or animal usage, were not available to the general 

public (e.g., required private institutional login information to access the app), were intended 

for hearing aid programming (as this would require the user to already own a hearing aid), 

required a specific brand of headphones to access the app (other than Apple EarPods for 

iOS apps because they are included with some recent iPhone models), or did not provide an 

assessment of hearing.

Data Extraction and Quality Assessment

Two of the authors (Alexandria L. Irace and Rahul K. Sharma) tested each app by 

conducting a mock hearing assessment and producing a test result (e.g., hearing thresholds, 

scores). Mock hearing assessments were performed using uncalibrated headphones in a 

quiet room to replicate expected testing conditions. Android apps were tested on Samsung 

Galaxy S10 (Android version 10.0 with One UI 2.1; Google, Mountain View, CA) and iOS 

apps were tested on an iPhone XR (iOS 13.4.1; Apple, Cupertino, CA). Variables collected 

included the cost of the app, additional equipment required (i.e., test will not begin without 

equipment) or recommended (i.e., user instructed to use equipment) besides a smartphone, 

the type of test conducted (e.g., hearing threshold test), strategies to reduce ambient 

noise during testing, volume specifications, test output (including whether qualitative or 

quantitative), and options for exporting results (email, text, or messaging app).

A literature review was conducted of all included apps to identify validation studies in 

peer-reviewed literature. The name of each app was searched using PubMed/ MEDLINE, 

EMBASE, Cochrane Library, and CINAHL. Studies that compared an app to gold standard 

methods (i.e., pure-tone audiometry) were included. Studies were excluded if they were not 

in the English language.

RESULTS

Overall, 44 unique apps were included in this review. Sixteen apps were available only on 

the Apple App Store, 11 were available only on the Google Play Store, and 17 additional 

apps were available on both platforms. Tables 1, 2, and 3 provide a summary of all included 

apps available on iOS only, Android only, and both platforms, respectively.

Thirty-six apps (82%) were free to download and use, whereas eight had associated 

download costs that ranged from 0.99 USD to 38.99 USD. No apps had required 

subscription costs. Most apps (37/44, 84%) incorporated a hearing threshold test, either 
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alone or in conjunction with other types of hearing tests or a questionnaire. Twenty-eight 

apps (64%) employed an ambient noise reduction strategy. These strategies included 

detecting ambient noise levels using the smartphone’s microphone and instructing the user 

to enter a quiet space if necessary, or instructing the user to enter a quiet space without 

detection of noise levels. Twenty-seven apps (61%) instructed users to set their phone 

volume to a specified percentage level or a subjective range (e.g., “comfortable” level) 

before testing.

The most common quantitative output was an audiogram (29/44, 66%), followed by a score 

grading the user’s hearing (8/44, 18%). Qualitative output was produced by 25 apps (57%) 

and consisted of either binary classification, such as “normal hearing” versus “abnormal 

hearing” (3/44, 7%), or graded categories of hearing loss, such as “mild loss,” “moderate 

loss,” and so on (22/44, 50%). Of the apps that produced audiograms, a majority (18/29, 

62%) also provided qualitative descriptors of hearing. Less than half of all included apps 

(20/44, 45%) had integrated data sharing features enabling users to export results directly 

through email, text message, or a messaging app (e.g., WhatsApp).

Validation studies published in peer-reviewed journals were identified for seven (16%) of 

all included apps. Validated apps included uHear (iOS), Audcal (iOS), Audiogram Mobile 

(iOS), Hearing Test e-audiologia.pl (Android), Hearing Test Pro e-audiologia.pl (Android), 

hearScreen USA (iOS, Android), and hearZA (iOS, Android). The most widely studied app 

was uHear, with 12 validation studies published to date.

DISCUSSION

Smartphone-based hearing assessments may offer an opportunity to screen for ARHL in 

a low-cost and easily accessible manner. Various audiometric tests have been shown to 

produce similar results between in-person and remote testing modalities.31 Patients may 

even prefer mobile-based self-administered audiometry to conventional audiometry.32 This 

review provides an overview of commercially available smartphone apps that claim to assess 

hearing.

Numerous apps available on the Apple App Store and Google Play Store met inclusion 

criteria, despite substantial variability in design and function. Most apps measured hearing 

thresholds (i.e., the minimal loudness needed to detect a sound), similar to conventional 

audiometry. Some of these apps yielded audiograms, while others yielded arbitrary scores or 

qualitative results such as “normal hearing” or “mild loss.” In addition to hearing threshold 

testing, some apps included a questionnaire that requested information such as the user’s 

age, gender, and past or present hearing concerns. Though questionnaire responses should 

not influence objective, quantitative results, it is unclear whether responses factored into 

qualitative results due to a lack of methodologic description.

Most apps that did not measure pure-tone hearing thresholds implemented speech-in-

noise or digits-in-noise testing. These tests, conducted at conversational levels, involve 

identification of words or digits in background noise to estimate the signal-to-noise ratio that 

enables the user to correctly identify 50% of words or digits (no apps tested the ability to 
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correctly identify words in quiet, often called speech-in-quiet testing or speech audiometry). 

These tests provide valuable information about hearing in real-world environments (e.g., a 

crowded restaurant). However, these tests do not yield an audiogram and may be confounded 

by cognitive impairments or lack of fluency in the testing language.33,34 A battery of tests 

is typically required to disentangle the audiometric and cognitive components that may 

underlie an abnormal score, which these apps do not provide. Thus, these apps may be a 

useful screening tool for audiology referral, but diagnostic decisions should not be based off 

these apps in isolation.

Usability of mobile health apps by older populations is an important consideration in 

telehealth. While the majority of U.S. adults aged 65 and older own a smartphone,23 

ownership does not guarantee adoption of the technology.35 Smartphone usage is higher 

among those who are younger, more educated, have a higher income, and live in urban/

suburban areas.23 Older adults may be apprehensive about their ability to effectively use 

apps due to poor user-friendliness and a steep learning curve.36 For example, older users 

are hindered when they must navigate through multiple screens, make sense of unclear 

explanations, or retrieve data through an app.37 In our review, instructions for many apps 

were extremely limited, with some even neglecting to instruct users to wear headphones 

during testing. Data export options enabling users to send results to their provider were 

also lacking. These apps did not incorporate user-centered designs for older adults, which 

should accommodate for possible cognitive impairment, physical and dexterity limitations 

hindering use of a touch-screen interface, and impaired vision.38 Previous research has 

shed light on how human factors affect adoption of telehealth systems by older individuals 

and the importance of universal design features to improve ease of use.35,39–42 Some of 

these features include increasing touch button size and font size, using high contrast color 

schemes, employing automation, adding step-by-step instructions, avoiding medical jargon, 

incorporating visual and vibratory tactile cues, and providing secure in-app data export 

options.

Output from self-administered hearing testing apps should be useful to both geriatricians and 

hearing specialists. Geriatricians are often responsible for making referrals to audiologists 

and otolaryngologists for ARHL. An easy-to-use screening tool, such as a smartphone 

app, can improve identification of patients needing referral. Moreover, the recently passed 

Over-The-Counter Hearing Aid Act, which will enable adults with mild to moderate hearing 

loss to access hearing aids without being seen by a hearing professional, may increase 

interest in self-administered apps to detect hearing loss.43 As hearing aids become more 

widely accessible, geriatricians’ knowledge of these apps will become even more important.

Audiograms were the most common output from apps in this review (29/44, 66%). Although 

a comprehensive audiogram provides detailed information, it is difficult to interpret by 

non-specialists and thus less useful for screening purposes. Our review shows that over 60% 

of apps that produced audiograms also provided qualitative descriptors of hearing, such as 

“abnormal hearing” or “profound hearing loss”, which can enable interpretation by primary 

care providers. Ideally, quantitative output should include descriptive qualitative results to 

facilitate navigation of care.
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In addition to issues with interpretation, app-produced audiograms may not be reliable due 

to calibration issues. Calibration of hardware (i.e., the smartphone speaker or headphones) 

ensures that the sound level presented to the user is consistent with the sound level intended 

to be tested. Calibration is approached differently depending on whether the app is designed 

as a clinical tool or for consumer use. Clinical apps intended for field use as mobile 

audiometers must adhere to calibration standards in order to produce accurate results. 

Clinicians administering these apps will typically provide any necessary equipment and 

ensure it is calibrated before conducting the test. Consumer hearing apps, however, may 

be self-administered using any uncalibrated equipment that the user has in their home. 

Some consumer apps attempt to loosely adhere to calibration standards by instructing 

users to utilize a specific model of headphones (e.g., Apple EarPods) or requiring users 

to manually set the smartphone volume to a quantitative level (e.g., 50% of full volume). 

These specifications theoretically enable the audio output to be more consistent across 

tests. However, this falls short of true calibration as it does not account for headphones 

malfunctioning over time, variation in volume scales on different devices, incompatibility 

between different smartphone models and headphones (with variation in types [wired vs 

wireless] and styles [in-ear, over-ear, etc.]), or human error. Thus, determining exact hearing 

thresholds without calibration is not currently possible. Of note, speech-in-noise tests do not 

require adherence to strict calibration standards,22,44 but other confounders such as cognitive 

or language barriers may undermine these results. Due to these various issues, we believe 

that consumer apps should be considered a potential screening tool only and should not be 

used to diagnose hearing loss.

Ambient noise can interfere with testing, leading to worse-than-true performance on hearing 

assessments. Instructing users to perform the test in a quiet space without verifying 

ambient noise levels provide the lowest level safeguard. A better option is to use the 

smartphone’s microphone to detect ambient noise and prevent commencement of the test 

until the environment is sufficiently quiet. One app (Jacoti Hearing Center) not only detected 

ambient noise before testing, but also continuously monitored noise levels throughout 

testing and instructed users to find a quieter space whenever necessary. Continuous 

monitoring of ambient noise is a critical feature as many users, particularly those with 

true hearing loss, may not be aware of noise levels in their environment. Aside from 

active monitoring, another strategy to reduce ambient noise involves using passive sound-

attenuating headphones (tight-fitting over-the-ear headphones or in-ear models) or active 

noise-cancellation headphones. As noise-canceling headphones become more popular and 

less expensive, future apps may require this equipment. However, equipment restrictions 

may limit broad accessibility, and more research is needed to determine which noise 

reduction methods are most appropriate for remote hearing testing.

It is challenging to determine which apps offer clinical value due to the high quantity and 

wide variation among apps. Currently, few mobile health apps have undergone rigorous 

testing and there is no comprehensive resource to identify validated apps aside from 

searching the literature.45 In our review, 44 apps were examined, but only 7 had been 

described in published validation studies. Of note, despite being available for public 

use, some of the referenced validation studies for AudCal,46 uHear,47,48 Hearing Test 

e-audiologia.pl,49 and hearScreen USA50–53 were performed in a controlled clinical setting 
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with assistance from hearing professionals and calibrated equipment. Due to differences in 

testing conditions, these validation studies may not be applicable when the hearing tests 

are self-administered in a home environment. The paucity of validation for consumer apps 

may result in unreliable app quality, misleading claims, unnecessary referral and testing 

(if a false positive), or delayed diagnosis (if a false negative). One proposed validation 

framework recommends that apps undergo technical validation (Is the app functional, 

accurate, and reliable compared to gold standards?), clinical validation (How does the 

app impact clinical outcomes?), a usability assessment (Is the app easy to use for its 

intended purpose? Does the interface reflect the preferences of the target user audience?), 

and cost-effectiveness analysis.45 Such regulation and oversight could be implemented by a 

large government agency, such as the FDA or Federal Trade Commission, or an unbiased 

third party organization. Until this is achieved, apps that are used for remote hearing testing 

should be validated against pure-tone audiometry and have known sensitivity, specificity, 

and positive/negative predictive values. Overall, more oversight of the mobile health app 

market-place is needed to implement regulations to ensure validation and accuracy.

Data security is another important concern.54,55 Over 80% of reviewed apps were free, 

which leads to the question of where their revenue is derived. Apps that sell data to 

third parties risk undermining patients’ privacy and should be avoided. Unfortunately, this 

phenomenon is often not transparent. In addition, many apps allowed users to export their 

results through email or text, which are potentially insecure methods of communication. 

Ideally, results would be exported directly from the app to an encrypted patient portal or 

encrypted data storage platform that can be accessed by both the patient and provider using 

private login information. However, based on our review, no apps enabled users to share 

results through these methods.

There are several limitations to this review. First, we included only smartphone apps because 

of the near ubiquity of smartphones and the recent surge in app development. This included 

apps that were available on smartphones in addition to other platforms, such as tablets. 

However, we did not study apps available only on tablets or desktop computers, nor did we 

study website-based hearing assessments. Nevertheless, smartphones continue to dominate 

computing in the modern era. Nearly 20% of American adults, and 12% of adults aged 65 

years and older, are “smartphone-only” internet users, meaning they do not have access to 

non-smartphone broadband internet at home.23 Another limitation is that we were unable to 

ensure compatibility of apps with all smartphone models, which was outside the scope of 

this review.

The COVID-19 pandemic has resulted in many obstacles hindering care for older patients 

at higher risk of contracting the disease.18 These hurdles have encouraged geriatricians to 

harness telehealth’s potential to improve and expand patient care. Tele-audiology screening 

for ARHL is an important application of telehealth that may become more crucial in the 

months and years to come. Therefore, geriatricians will benefit by knowing which apps are 

available, understanding their limitations, recognizing important features, and familiarizing 

themselves with the types of tests and outputs.
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Numerous commercially available tele-audiology apps claim to assess hearing, but few have 

been validated in peer-reviewed literature. Given their low cost and relative accessibility, 

these apps may facilitate screening for ARHL, particularly in the setting of limited in-person 

medical care due to COVID-19. Apps that produce both quantitative and qualitative output, 

such as an audiogram with hearing thresholds and complementary descriptive qualifiers, are 

most useful to provider teams. Further research should establish the accuracy, reliability, and 

usability of consumer apps, and more regulatory oversight is needed to support validation 

studies.

ACKNOWLEDGMENTS

Conflict of Interest: Alexandria L. Irace and Rahul K. Sharma have no financial/personal conflicts of interest. 
Nicholas S. Reed: Scientific advisory board member with no financial ties or reimbursement to Shoebox Inc. and 
Good Machine Studio and funding from the National Institute on Aging (K23AG065443). No personal conflicts 
of interest. Justin S. Golub: Funding from the National Institute on Aging (K23AG057832). Travel expenses for 
industry-sponsored meetings (Cochlear, Advanced Bionics, Oticon Medical), consulting fees or honoraria (Oticon 
Medical, Auditory Insight, Optinose, Abbott, Decibel), department received unrestricted educational grants (Storz, 
Stryker, Acclarent, 3NT, Decibel). No personal conflicts of interest.

REFERENCES

1. Sharma RK, Lalwani AK, Golub JS. Prevalence and severity of hearing loss in the older old 
population. JAMA Otolaryngol Head Neck Surg 2020; 146:762. [PubMed: 32584401] 

2. Collins JG. Prevalence of selected chronic conditions: United States, 1990–1992. Vital Health Stat 
10 1997;194:1–89.

3. Goman AM, Lin FR. Prevalence of hearing loss by severity in the United States. Am J Public Health 
2016;106(10):1820–1822. [PubMed: 27552261] 

4. Lin FR, Yaffe K, Xia J, et al. Hearing loss and cognitive decline in older adults. JAMA Intern Med 
2013;173(4):293–299. [PubMed: 23337978] 

5. Mohr PE, Feldman JJ, Dunbar JL. The societal costs of severe to profound hearing loss in the 
United States. Policy Anal Brief H Ser 2000;2(1):1–4.

6. Gates GA, Mills JH. Presbycusis. Lancet 2005;366(9491):1111–1120. [PubMed: 16182900] 

7. Deal JA, Betz J, Yaffe K, et al. Hearing impairment and incident dementia and cognitive decline in 
older adults: the Health ABC Study. J Gerontol A Biol Sci Med Sci 2017;72(5):703–709. [PubMed: 
27071780] 

8. Golub JS. Brain changes associated with age-related hearing loss. Curr Opin Otolaryngol Head 
Neck Surg 2017;25(5):347–352. [PubMed: 28661962] 

9. Gopinath B, Wang JJ, Schneider J, et al. Depressive symptoms in older adults with hearing 
impairments: the Blue Mountains Study. J Am Geriatr Soc 2009;57(7):1306–1308. [PubMed: 
19570163] 

10. Lee AT, Tong MC, Yuen KC, Tang PS, Vanhasselt CA. Hearing impairment and depressive 
symptoms in an older Chinese population. J Otolaryngol Head Neck Surg 2010;39(5):498–503. 
[PubMed: 20828511] 

11. Mener DJ, Betz J, Genther DJ, Chen D, Lin FR. Hearing loss and depression in older adults. J Am 
Geriatr Soc 2013;61(9):1627–1629. [PubMed: 24028365] 

12. Golub JS, Brewster KK, Brickman AM, et al. Association of audiometric age-related hearing 
loss with depressive symptoms among Hispanic individuals. JAMA Otolaryngol Head Neck Surg 
2019;145(2):132–139. [PubMed: 30520955] 

13. Ferguson MA, Kitterick PT, Chong LY, Edmondson-Jones M, Barker F, Hoare DJ. Hearing aids 
for mild to moderate hearing loss in adults. Cochrane Database Syst Rev 2017;9:CD012023. 
[PubMed: 28944461] 

14. Chien W, Lin FR. Prevalence of hearing aid use among older adults in the United States. Arch 
Intern Med 2012;172(3):292–293. [PubMed: 22332170] 

Irace et al. Page 9

J Am Geriatr Soc. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



15. Simpson AN, Matthews LJ, Cassarly C, Dubno JR. Time from hearing aid candidacy to hearing aid 
adoption: a longitudinal cohort Study. Ear Hear 2019;40(3):468–476. [PubMed: 30085938] 

16. Patel R, McKinnon BJ. Hearing loss in the elderly. Clin Geriatr Med 2018; 34(2):163–174. 
[PubMed: 29661329] 

17. Tao KFM, Brennan-Jones CG, Capobianco-Fava DM, et al. Teleaudiology services for 
rehabilitation with hearing aids in adults: a systematic review. J Speech Lang Hear Res 
2018;61(7):1831–1849. [PubMed: 29946688] 

18. Jehi L, Ji X, Milinovich A, et al. Individualizing risk prediction for positive COVID-19 testing: 
results from 11,672 patients. Chest 2020;158(4):1364–1375. [PubMed: 32533957] 

19. Medicare.gov. Medicare Telehealth; 2020. https://www.medicare.gov/coverage/telehealth. 
Accessed June 11, 2020.

20. Centers for Medicare & Medicaid Services. COVID-19 Emergency Declaration Blanket Waivers 
for Health Care Providers CMS; 2020. https://www.cms.gov/files/document/covid19-emergency-
declaration-health-care-providers-fact-sheet.pdf.

21. Smits C, Houtgast T. Results from the Dutch speech-in-noise screening test by telephone. Ear Hear 
2005;26(1):89–95. [PubMed: 15692307] 

22. Smits C, Merkus P, Houtgast T. How we do it: the Dutch functional hearing-screening tests by 
telephone and internet. Clin Otolaryngol 2006;31(5):436–440. [PubMed: 17014457] 

23. Pew Research Center. Mobile Fact Sheet; 2019. https://www.pewresearch.org/internet/fact-sheet/
mobile/. Accessed June 11, 2020.

24. Anderson M, Perrin A. Tech Adoption Climbs Among Older Adults Pew Research Center; 2017. 
https://www.pewresearch.org/internet/2017/05/17/technology-use-among-seniors/. Accessed June, 
2020.

25. Research2Guidance. mHealth Economics 2017/2018 – Connectivity in Digital Health; 2018.

26. Swanepoel W, De Sousa KC, Smits C, Moore DR. Mobile applications to detect hearing 
impairment: opportunities and challenges. Bull World Health Organ 2019;97(10):717–718. 
[PubMed: 31656337] 

27. Yousuf Hussein S, Swanepoel W, Mahomed F, Biagio de Jager L. Community-based hearing 
screening for young children using an mHealth service-delivery model. Glob Health Action 
2018;11(1):1467077. [PubMed: 29764328] 

28. Bright T, Pallawela D. Validated smartphone-based apps for ear and hearing assessments: a review. 
JMIR Rehabil Assist Technol 2016;3(2):e13. [PubMed: 28582261] 

29. Statista. Number of Apps Available in Leading App Stores as of 1st Quarter 
2020; 2020. https://www-statista-com.ezproxy.cul.columbia.edu/statistics/276623/number-of-
apps-available-in-leading-app-stores/. Accessed June 9, 2020.

30. Vogels E. Millennials Stand Out for their Technology Use, But Older Generations also Embrace 
Digital Life Pew Research Center; 2019. https://www.pewresearch.org/fact-tank/2019/09/09/us-
generations-technology-use/. Accessed June, 2020.

31. Fletcher KT, Dicken FW, Adkins MM, et al. Audiology telemedicine evaluations: potential 
expanded applications. Otolaryngol Head Neck Surg 2019; 161(1):63–66. [PubMed: 30832542] 

32. Saliba J, Al-Reefi M, Carriere JS, Verma N, Provencal C, Rappaport JM. Accuracy of mobile-
based audiometry in the evaluation of hearing loss in quiet and noisy environments. Otolaryngol 
Head Neck Surg 2017;156(4):706–711. [PubMed: 28025906] 

33. Portnuff C, Bell B. Effective use of speech-in-noise testing in the clinic. Hear J 2019;72(5):40–42.

34. Potgieter JM, Swanepoel W, Myburgh HC, Smits C. The South African English smartphone 
digits-in-noise hearing test: effect of age, hearing loss, and speaking competence. Ear Hear 
2018;39(4):656–663. [PubMed: 29189432] 

35. Demiris G, Charness N, Krupinski E, et al. The role of human factors in telehealth. Telemed J E 
Health 2010;16(4):446–453. [PubMed: 20420540] 

36. Heinz M, Martin P, Margrett JA, et al. Perceptions of technology among older adults. J Gerontol 
Nurs 2013;39(1):42–51.

37. Sarkar U, Gourley GI, Lyles CR, et al. Usability of commercially available Mobile applications for 
diverse patients. J Gen Intern Med 2016;31(12):1417–1426. [PubMed: 27418347] 

Irace et al. Page 10

J Am Geriatr Soc. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.Medicare.gov
https://www.medicare.gov/coverage/telehealth
https://www.cms.gov/files/document/covid19-emergency-declaration-health-care-providers-fact-sheet.pdf
https://www.cms.gov/files/document/covid19-emergency-declaration-health-care-providers-fact-sheet.pdf
https://www.pewresearch.org/internet/fact-sheet/mobile/
https://www.pewresearch.org/internet/fact-sheet/mobile/
https://www.pewresearch.org/internet/2017/05/17/technology-use-among-seniors/
https://www-statista-com.ezproxy
http://cul.columbia.edu/statistics/276623/number-of-apps-available-in-leading-app-stores/
http://cul.columbia.edu/statistics/276623/number-of-apps-available-in-leading-app-stores/
https://www.pewresearch.org/fact-tank/2019/09/09/us-generations-technology-use/
https://www.pewresearch.org/fact-tank/2019/09/09/us-generations-technology-use/


38. Wildenbos GA, Peute LW, Jaspers MW. A framework for evaluating mHealth tools for older 
patients on usability. Stud Health Technol Inform 2015;210:783–787. [PubMed: 25991261] 

39. Czaja SJ, Boot WR, Charness N, Rogers WA. Designing for Older Adults: Principles and Creative 
Human Factors Approaches 3rd ed. Boca Raton, Florida, USA: CRC press; 2019.

40. Mitzner TL, Savla J, Boot WR, et al. Technology adoption by older adults: findings from the 
PRISM trial. Gerontologist 2019;59(1):34–44. [PubMed: 30265294] 

41. Czaja SJ, Lee CC, Arana N, Nair SN, Sharit J. Use of a telehealth system by older adults with 
hypertension. J Telemed Telecare 2014;20(4):184–191. [PubMed: 24803275] 

42. Portz JD, Bayliss EA, Bull S, et al. Using the technology acceptance model to explore user 
experience, intent to use, and use behavior of a patient portal among older adults with multiple 
chronic conditions: descriptive qualitative study. J Med Internet Res 2019;21(4):e11604. [PubMed: 
30958272] 

43. Administration USFD. Hearing Aids; 2018. https://www.fda.gov/medical-devices/consumer-
products/hearing-aids. Accessed September 3, 2020.

44. Potgieter JM, Swanepoel De W, Myburgh HC, Hopper TC, Smits C. Development and validation 
of a smartphone-based digits-in-noise hearing test in South African English. Int J Audiol 
2015;55(7):405–411. [PubMed: 27121117] 

45. Mathews SC, McShea MJ, Hanley CL, Ravitz A, Labrique AB, Cohen AB. Digital health: a path to 
validation. NPJ Digit Med 2019;2:38. [PubMed: 31304384] 

46. Larrosa F, Rama-Lopez J, Benitez J, et al. Development and evaluation of an audiology app for 
iPhone/iPad mobile devices. Acta Otolaryngol 2015;135 (11):1119–1127. [PubMed: 26144548] 

47. Lycke M, Boterberg T, Martens E, et al. Implementation of uHear – an iOS-based application 
to screen for hearing loss – in older patients with cancer undergoing a comprehensive geriatric 
assessment. J Geriatr Oncol 2016;7 (2):126–133. [PubMed: 26924571] 

48. Lycke M, Debruyne PR, Lefebvre T, et al. The use of uHear to screen for hearing loss in 
older patients with cancer as part of a comprehensive geriatric assessment. Acta Clin Belg 
2018;73(2):132–138. [PubMed: 29063810] 

49. Masalski M, Grysinski T, Krecicki T. Hearing tests based on biologically calibrated mobile 
devices: comparison with pure-tone audiometry. JMIR Mhealth Uhealth 2018;6(1):e10. [PubMed: 
29321124] 

50. van Tonder J, Swanepoel W, Mahomed-Asmail F, Myburgh H, Eikelboom RH. Automated 
smartphone threshold audiometry: validity and time efficiency. J Am Acad Audiol 
2017;28(3):200–208. [PubMed: 28277211] 

51. Louw C, Swanepoel W, Eikelboom RH, Myburgh HC. Smartphone-based hearing screening at 
primary Health care clinics. Ear Hear 2017;38(2):e93–e100. [PubMed: 27764002] 

52. Mahomed-Asmail F, Swanepoel DW, Eikelboom RH, Myburgh HC, Hall J. Clinical validity of 
hearScreen™ smartphone hearing screening for school children. Ear Hear 2016;37(1):e11–e17. 
[PubMed: 26372265] 

53. Swanepoel de W, Myburgh HC, Howe DM, Mahomed F, Eikelboom RH. Smartphone hearing 
screening with integrated quality control and data management. Int J Audiol 2014;53(12):841–
849. [PubMed: 24998412] 

54. Dehling T, Gao F, Schneider S, Sunyaev A. Exploring the far side of mobile health: information 
security and privacy of mobile health apps on iOS and android. JMIR Mhealth Uhealth 
2015;3(1):e8. [PubMed: 25599627] 

55. Kao CK, Liebovitz DM. Consumer Mobile health apps: current state, barriers, and future 
directions. PM R 2017;9(5S):S106–S115. [PubMed: 28527495] 

56. Corry M, Sanders M, Searchfield GD. The accuracy and reliability of an app-based audiometer 
using consumer headphones: pure tone audiometry in a normal hearing group. Int J Audiol 
2017;56(9):706–710. [PubMed: 28485673] 

57. Kelly EA, Stadler ME, Nelson S, Runge CL, Friedland DR. Tablet-based screening for hearing 
loss: feasibility of testing in nonspecialty locations. Otol Neurotol 2018;39(4):410–416. [PubMed: 
29494473] 

Irace et al. Page 11

J Am Geriatr Soc. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.fda.gov/medical-devices/consumer-products/hearing-aids
https://www.fda.gov/medical-devices/consumer-products/hearing-aids


58. Al-Abri R, Al-Balushi M, Kolethekkat A, et al. The accuracy of IOS device-based uHear as 
a screening tool for hearing loss: a preliminary study from the Middle East. Oman Med J 
2016;31(2):142–145. [PubMed: 27168926] 

59. Barczik J, Serpanos YC. Accuracy of smartphone self-hearing test applications across frequencies 
and earphone styles in adults. Am J Audiol 2018;27 (4):570–580. [PubMed: 30242342] 

60. Szudek J, Ostevik A, Dziegielewski P, et al. Can uHear me now? Validation of an iPod-based 
hearing loss screening test. J Otolaryngol Head Neck Surg 2012;41(suppl 1):S78–S84. [PubMed: 
22569055] 

61. Handzel O, Ben-Ari O, Damian D, Priel MM, Cohen J, Himmelfarb M. Smartphone-based hearing 
test as an aid in the initial evaluation of unilateral sudden sensorineural hearing loss. Audiol 
Neurootol 2013;18(4): 201–207. [PubMed: 23689282] 

62. Peer S, Fagan JJ. Hearing loss in the developing world: evaluating the iPhone mobile device as a 
screening tool. S Afr Med J 2015;105(1):35–39. [PubMed: 26046161] 

63. Khoza-Shangase K, Kassner L. Automated screening audiometry in the digital age: exploring 
uHear and its use in a resource-stricken developing country. Int J Technol Assess Health Care 
2013;29(1):42–47. [PubMed: 23298579] 

64. Abu-Ghanem S, Handzel O, Ness L, Ben-Artzi-Blima M, Fait-Ghelbendorf K, Himmelfarb 
M. Smartphone-based audiometric test for screening hearing loss in the elderly. Eur Arch 
Otorhinolaryngol 2016;273(2):333–339. [PubMed: 25655259] 

65. Anuar KB, Rani MDBM, Hitam SB, Noh AB. Exploring uHear hearing application as a mobile 
screening tool for the underprivileged. Rawal Med J 2018;43(4):717–720.

66. Livshitz L, Ghanayim R, Kraus C, et al. Application-based hearing screening in the elderly 
population. Ann Otol Rhinol Laryngol 2017;126(1):36–41. [PubMed: 27913721] 

67. Nash R, Vasani S, Rollin M, Whiley G. The accuracy of the Apple iPhone in detecting clinically 
significant hearing loss: T121. Clin Otolaryngol 2012; 37:160.

68. Renda L, Selcuk OT, Eyigor H, Osma U, Yilmaz MD. Smartphone based audiometric test for 
confirming the level of hearing; is it useable in under-served areas? J Int Adv Otol 2016;12(1):61–
66. [PubMed: 27340985] 

69. Aremu SK. Evaluation of the hearing test pro application as a screening tool for hearing loss 
assessment. Niger Med J 2018;59(5):55–58. [PubMed: 31293289] 

70. Potgieter JM, Swanepoel W, Smits C. Evaluating a smartphone digits-in-noise test as part of the 
audiometric test battery. S Afr J Commun Disord 2018;65(1):e1–e6.

Irace et al. Page 12

J Am Geriatr Soc. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Key Points

• Age-related hearing loss is a prevalent yet undertreated condition among older 

adults.

Why Does this Paper Matter?

Smartphone-based hearing test apps may facilitate remote screening for hearing loss, but 

limitations surrounding app validation, usability, equipment calibration, and data security 

should be addressed.
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