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Abstract

Objectives: The objective of this study was to examine the uptake, user characteristics, and performance of the free WHO
smartphone hearing screening test (hearWHO) as a global hearing health promotion initiative.

Method: We retrospectively examined the data of 242 626 tests conducted by adults (> 18 years) on the hearWHO app
between February 2019 and May 2021. Test uptake was evaluated by country, WHO world region, test date, and demograph-
ics of age and gender.

Results: The hearWHO test was completed in nearly every country globally (n= 179/195), with the greatest uptake seen in
China and India. Uptake was greatest in the Western Pacific (32.9%) and European (24.8%) WHO regions. There was a
high uptake of tests (44%) by young adults under the age of 30 years. Referral rates were typically higher for older age
groups in most WHO regions, except for the African and Eastern Mediterranean regions, where overall hearWHO test uptake
was lowest. Most testing (49%) took place in March (2019–2021) coinciding with World Hearing Day (3rd of March) each year.

Conclusions: Digital mhealth tools provide many benefits in healthcare, including health promotion, access to information,
and services for hearing loss. The hearWHO test was mainly reaching younger adults, positioning it as an important measure
for public health advocacy to prevent hearing loss. Since hearing loss is primarily age related, more targeted campaigns or
community-based initiatives should be directed toward older adults.
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Introduction
Throughout the life course, hearing loss has pervasive
effects. Besides the detriment to early childhood develop-
ment,1 it is associated with factors central to the quality
of life in adults, including increased risk of depression,
loneliness,2 unemployment,3 and dementia.4 Conservative
estimates indicate that by 2050, nearly 1 in 4 people will
have a certain degree of hearing loss and, for 1 in 14
people, it will be of a moderate or higher degree.5 There
has been a drive to address hearing loss, leading to the
report on the Global cost of unaddressed hearing loss
and cost-effectiveness of interventions by the World
Health Organization (WHO) in 2017,6 the Resolution and
action plan for prevention of deafness and hearing loss at
the World Health Assembly in 20177 and, most recently,
the World Report on Hearing in 2021.5 The World
Report calls for urgent investment in hearing loss preven-
tion, considering that, in 2020, nearly 1 trillion international
dollars was lost globally due to unaddressed hearing loss.8

Lack of awareness and knowledge by the public and
health care providers has contributed to insufficient preven-
tion, early detection and treatment of hearing loss, with stig-
matization largely unaddressed. Almost one billion young
adults are at risk of preventable hearing loss due to unsafe
listening practices.5 Hearing promotion through screening
is a strategy to promote awareness, early detection, and
timely treatment. Economic benefits of reducing the preva-
lence and severity of hearing loss show that a 5% reduction
in prevalence could reduce the global monetary loss of
hearing loss by, conservatively, around 50 billion dollars
per annum.8 The World Report on Hearing (2021) has
recommended the use of innovative screening measures
and telehealth to make hearing care more accessible.5

Screening for hearing loss has been out of reach for most
people with disabling hearing loss since more than 80%
reside in low-and middle-income countries (LMICs)
where ear and hearing care is often unavailable or
limited.5 This is due to the dearth of professionals, infra-
structure, and resources to provide services.9 While this
issue is challenging in LMICs, particularly for rural com-
munities, it is also encountered in high-income countries
where nearly three-quarters of people who could benefit
from hearing aids do not have them.5,10 Utilizing digital
platforms including mHealth tools is a scalable way to
improve public awareness and access to hearing care. By
the end of 2019, global mobile internet usage increased to
3.8 billion people, an increase of 250 million people in a
single year, of which 90% were new users from LMICs.11

As a result there has been a rapid increase in mHealth solu-
tions for hearing loss in the past 10 years,12 particularly for
hearing screening.13 One of the most widely used mHealth
tools for hearing screening is the smartphone digits-in-noise
test (DIN) that has become freely available to the general
public as a self-screen for hearing loss.12,14 On World

Hearing Day 2019, WHO released an English version of
the DIN test called hearWHO, followed by Spanish and
Mandarin versions in 2021.

The DIN measures a person’s ability to understand
speech in noise by presenting spoken digit triplets (e.g.
3-4-7) in adaptive levels of background masking
noise.15,16 The test tracks the level where 50% of triplets
could be recognized, called the speech recognition thresh-
old (SRT).14 The hearWHO app uses an antiphasic test
paradigm, where the target speech is presented binaurally
out-of-phase.17 The antiphasic SRT has high sensitivity
and specificity of more than 80% to detect different types
of hearing loss and correlates strongly with clinical pure
tone audiometry performed in sound-treated environ-
ments.17,18 Unlike traditional pure tone audiometry,
which requires a trained test facilitator, calibrated equip-
ment and soundproof booth, the test can be accurately con-
ducted on many devices without device calibration. Groups
of three successive digits are easily understood, remem-
bered, and entered on a keypad, making it an undemanding
task in terms of language and cognition. In addition, self-
testing makes for a versatile, accurate, and rapid (3 min)
screen.

Healthcare developments in mHealth like the hearWHO
app are affordable and particularly suitable for hard-to-
access communities. In addition to impaired communica-
tion, unaddressed hearing loss has a high general health
cost, such as the increased risk of dementia, for which
hearing loss treatment is the number one modifiable risk
factor.4 The hearWHO app is focused on raising awareness
and motivating earlier rehabilitation steps in part to prevent
a cascade of neurological and mental health problems.
Furthermore, digital health tools allows unique prospects
to promote positive health-related lifestyle alterations.19

hearWHO has been widely used and promoted by global
health organizations, governments, and hearing health orga-
nizations. This paper reports hearWHO hearing screening
uptake across world regions, user characteristics, and per-
formance as a mHealth hearing health promotion tool.

Method
This study received ethical approval from the University of
Pretoria Humanities Research Ethics Committee (Protocol
Number: HUM025/0621).

Participants

We retrospectively examined the data of 259,894 tests con-
ducted on the hearWHO app between February 2019 and
May 2021. We excluded the data of 88 tests where either
the birth date, digit language, or stimulus type was captured
in an incorrect format rendering the data unavailable (tech-
nical issue). In addition, data of test users who indicated age
under 18 years (n= 17,180) were excluded from the
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analyses, as the test validation and cut-offs are currently
based on adult normative data. There was a small group
of test users (n= 56) who indicated age over 100 years
that were kept in the analyses. Furthermore, 0.9% (n=
2192) of users reached a ceiling SRT test (17.7 dB SNR)
possibly reflecting an unreliable test but their data were
kept in the analyses to indicate actual test performance
across test users. The hearWHO test was completed by
downloading the application on an Android (n= 137,479)
or iOS (n= 105,147) device. We did not include tests
from the hearWHO Pro test version, used by health
workers to screen people in their communities. Before
completing the test, users were prompted to choose their
preferred test language between English (n= 237 417),
Mandarin (n= 3806), or Spanish (n= 1403). The Spanish
and Mandarin versions were only released on the 3rd of
March 2021, two years after the initial launch, with
English as the only test option.

Procedures

Before the test, users were asked to select their birth year
and native language and whether the test was completed
as a self-test or with the help of a test facilitator.
Thereafter, participants were instructed to connect head-
phones and select a comfortable volume while digit-triplets
were presented without masking noise. Afterwards, 23
digit-triplets (e.g. 3-5-8) were randomly selected and pre-
sented using an antiphasic paradigm, where the digits had
a 180° phase shift between the ears while keeping stationary
masking noise in phase.18 The antiphasic DIN has greater
sensitivity to various hearing loss types than the original
diotic DIN, including bilateral or unilateral sensorineural
hearing loss and conductive hearing loss.17 The exact con-
struction of the masking noise and test procedure can be
found in De Sousa et al. (2020). The SRT was categorized,
based on cut-offs, as either “Good,” “OK,” or “Needs
Help.” For the English language set, the cut-points for
“Good” was set as SRTs ≤ −15.2 dB SNR, between
−15.1 and −12.5 dB SNR for “OK” hearing and
> −12.5 dB SNR for “Needs Help,” which was based on
the normative dataset presented in De Sousa et al. (2020).17

Results
The mean age of users was 35.7 years (SD= 14.6 years).
Most of the users conducted the test themselves (87.8%,
n = 213,097), and the rest with the help of a facilitator
(12.2%, n= 29,529). Most tests (51.3%) were conducted
in the user’s non-native language. Mean SRTs were com-
parable between native (−17.1 dB SNR) and non-native
(−17.0 dB SNR) users who passed the English version
(n = 106,689).

Across all WHO regions, test uptake was highest for
younger adults between the ages of 18–30 years (44.4%;

Figure 1(A)). Test users under 30 years of age, who had
“Good” hearing, had median SRTs of −17.8 dB SNR
with interquartile range of 1.8 dB SNR, which was slightly
better than the normative cut-point for the test. Referral
rates were typically higher for older age groups in most
WHO regions, except for the African and Eastern
Mediterranean regions, where overall hearWHO test
uptake was lowest and referral rate across age groups
more even, notably in Africa (Figure 1(B)). The majority
of tests globally were taken by males (56.7%;
Figure 1(C)), except in the Americas WHO region
(Table 1). Age-related deterioration in SRTs was evident
for both females and males (Figure 2). In general, there
were increasing percentages of tests in the “Needs help”
hearing status category with each advancing age group
(Figure 1(D)).

The hearWHO test was completed in nearly every
country globally (n= 179/195; Figure 3), with the greatest
uptake seen in the Western Pacific (32.9%) and European
regions (24.8%; Table 1; Figure 3). Test uptake per
100,000 people showed the highest uptake in Saint Lucia,
Iceland, and Ireland (Figure 4A), while overall, the greatest
number of tests were conducted in China, India, and the
United States (Figure 4B). Nearly half of all tests (49%)
took place in March (2019–2021), coinciding with World
Hearing Day held on the 3rd of March each year
(Figure 5). Most of these tests were taken in 2019, and
the overall rate of testing declined markedly in 2020, and
again in 2021.

Discussion
The hearWHO app was released as a global public health
initiative to increase hearing health awareness and preven-
tion through access to a free self-test for hearing screening.
Digital mHealth technologies like hearWHO are becoming
increasingly valuable as the world transitions into the infor-
mation age, concomitant with the rapidly advancing owner-
ship of mobile devices and internet connectivity.11 To date,
more than 250,000 hearWHO tests have been completed
across the globe, most of which were completed in the
Western Pacific and European Regions. Hearing loss preva-
lence is driven mainly by demographic changes and popu-
lation ageing. In the coming years, the prevalence is
predicted to rise in accordance with the population
profile, of which the highest number of people in 2050 is
expected to be in the Western Pacific.

Fewer tests were conducted in African and Eastern
Mediterranean than in other regions. Unfortunately, rates
of hearing loss are expected to double in these regions by
2050.5 Several factors could have contributed to the lower
uptake. For instance, Sub-Saharan Africa had a notably
lower smartphone adoption rate by the end of 2020 com-
pared to other world regions.20 Furthermore, health promo-
tion initiatives in sub-Saharan Africa are sorely lacking,
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considering the population’s generally low-health status.21

As shown in Figure 5, health campaigns like World
Hearing Day play a significant role in public awareness of
available tools like the hearWHO app. Promotion efforts
may be hampered in these regions due to a lack of adequate
resources and knowledge among healthcare providers who
play an important role in hearing health awareness.5 While
the DIN is not a linguistically or cognitively demanding
task, test uptake is very likely influenced by the test lan-
guage offered. Currently, the hearWHO app is only avail-
able in English, Spanish, and Mandarin. Releasing the
test in other languages more widely spoken in the Eastern
Mediterranean and African regions could improve the

uptake and test accuracy, as the performance of the DIN
in a non-native language is known to be slightly lower
than for native speakers.22 Other language versions for
the hearWHO app are currently under development.

Younger users under 30 years were a large proportion
(44%) of all tests taken. Generally, hearing loss prevalence
is higher among older adults due to age-related hearing
degeneration.5 The Global Burden of Disease study in
2019 indicated that 65% of adults over 60 years have
hearing loss, of which 25% are moderate or higher
degrees.23 Another example is the analyses of the UK
Biobank, which showed that the ability to hear speech in
background noise, measured using the digits-in-noise,

Figure 1. hearWHO tests according to age group and WHO region taken between February 2019 and May 2021 (n= 242 234). (A) Number
of hearWHO tests taken per WHO region and age group, (B) referral rate per WHO region and age group, (C) distribution of hearWHO tests
across age groups between February 2019 and May 2021 (n= 242,626), (D) percentage of tests in each WHO results category according to
age group.
AFR: African Region; AMR: Region of the Americas; SEAR: South-East Asian Region; EUR: European Region; EMR: Eastern Mediterranean
Region; WPR: Western Pacific Region.
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declines exponentially from the age of 50 years and is
linked with declining cognitive processing ability.24 In
general, age-related decline in this study was evident
(Figure 2) and was in close parallel between women and
men.

The overall referral rate for the hearWHO test was
49.4%, and, as expected, referral rates increased for each
advancing age group. However, the number of users
failing the test was high across all ages, even for the
younger cohort under 30 years (46.8%; Figure 1D). It is
possible that many users were already concerned about
their hearing and subsequently took the test. Similarly,
referral rates were high for a DIN released over landline
and cell phone in the United States, with a reported 81%
referral rate.25 A noteworthy number of tests in the
Western Pacific (n= 46,884) were taken by younger
adults. Since hearing loss in the Western Pacific is esti-
mated to rise in the coming years, it can be considered bene-
ficial that the hearWHO test is promoting awareness among
an important younger demographic in this region. Reaching
a younger population is an effective preventative strategy to

ensure hearing health awareness among the youth.
However, alternative strategies should be explored to
reach the critical target population of people over 60 years.

Although there has been tremendous growth in smart-
phone and mobile internet usage, even among LMICs and
previously marginalized groups, it is recognized that there
is a so-called “digital divide” among different populations,
genders, age groups, and countries, which likely influences
the uptake of the hearWHO test. In general, smartphone
ownership and digital literacy are lower among older
adults,26,27 which could partially account for the lower
test uptake in people over 60 years. Another probable
factor is the way in which the application was promoted
to the elderly. Test uptake was also greatest for males
across all the age groups (Figure 1). There is a notable
gender gap in smartphone ownership, especially in
LMICs, with women 7% less likely to own a mobile
phone and 15% less likely to use mobile internet than
their male counterparts.28 Another plausible reason for
higher test uptake among males is higher hearing loss
prevalence rates in men than women.29,30 Therefore, it is

Table 1. hearWHO test user (18 years of age and above) characteristics and referral rates across WHO regions (n= 242,234).

African
Region
(AFR)

Region of the
Americas (AMR)

South-East Asian
Region (SEAR)

European
Region (EUR)

Eastern
Mediterranean
Region (EMR)

Western Pacific
Region (WPR) Global

Tests taken n % 9 218
3.8%

38 562
15.9%

37 256
15.4%

60 091
24.8%

17 317
7.1%

79 790
32.9%

242 234
100%

Age in years
Mean (IQR)

33.0 (14) 39.4 (25) 32.3 (15) 43.4 (26) 34.3 (20) 30.4 (11) 35.7 (20)

Gender

Male % n 61.0
5 622

45.8
17 648

67.3
25 088

56.3
33 815

58.6
10 141

59. 1
47 170

57.6
139 484

Female % n 35.9
3 307

51.4
19 805

29.7
11 080

41.0
24 648

37.6
6 504

35.9
28 647

38.8
93 991

Unspec % n 3.1
289

2.9
1 109

2.9
1 088

2.7
1 628

3.9
672

5.0
3 973

3.6
8 759

Median SRT in
dB SNR (IQR)

−13.4 (6.4) −14.2 (6) −13 (6) −15 (5.2) −13.8 (5.8) −14.8 (5.6) −14.4 (6)

hearWHO result
category

Good % 23.3 28.6 17.0 35.7 23.0 33.1 29.5

OK % 17.7 20.2 19.7 22.0 22.4 21.6 21.1

Needs Help % 59.0 51.2 63.2 42.3 54.6 45.3 49.4

For 392 users the IP country address could not be identified.
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possible that more males became aware of their hearing loss
and subsequently completed the test.

Although the test is recommended and validated for
adults, many tests (n= 17,180) were completed by people
under 18 years, showing an interest in tools to screen
younger children and adolescents’ hearing. The DIN can
reliably be conducted in children as young as four years
old,31 but may benefit from the help of an adult to facilitate

the test.31,32 Furthermore, speech recognition in noise is a
skill that matures with age.33 For the antiphasic DIN, mat-
uration was seen for children up to 12 years.31,34 A future
research priority could be to validate and establish norma-
tive criteria for children in each test language.

Many hearWHO tests were completed in 2019, coincid-
ing with the app release and the year’s theme for World
Hearing Day, “Check your hearing.” Furthermore, a

Figure 2. Average hearWHO DIN SRTs fitted using quantile regression across age for (A) males and (B) females (n= 233,844).

Figure 3. Distribution of global hearWHO tests by country between February 2019 and May 2021 (n= 242,626).
Not applicable means that no tests were conducted in the specific region.

6 DIGITAL HEALTH



notable spike in the number of tests seen each year in March
(54.4%, 29.3%, and 55.9% of all tests for 2019, 2020, and
2021, respectively) was anticipated due to hearing loss
awareness campaigns steered for World Hearing Day.35,36

When looking at the proportion of tests with respect to
population size, the best uptake was seen in Saint Lucia
and Iceland, both smaller countries with an estimated popu-
lation less than 400,000 people.37 WHO activity reports
indicate that Iceland launched marketing campaigns on
World Hearing Day that leveraged social media, television,
and radio broadcasts.35,36 Marketing strategies are thus an
effective way to increase uptake among the public, of
which campaigns via digital media have proven to be valu-
able motivators to increase efficiency and uptake of
services.38

mHealth tools provide many benefits in healthcare,
including health promotion, access to information and ser-
vices for hearing loss.12 The hearWHO app is a globally uti-
lized public health tool for raising awareness and improving
access to early detection for hearing loss. Currently, the test
is mainly reaching younger adults positioning it as an import-
ant measure for public health advocacy to prevent hearing
loss due to unsafe listening practices.39 Hearing loss preva-
lence is usually higher later in life. As such, awareness cam-
paigns especially targeting older people using more
traditional marketing campaigns like local newspapers or
magazines, television or radio broadcasts may be an effective
strategy. Furthermore, targeted screening programs for older
adults using trained health workers and the hearWHO Pro
screening application may be a more suitable approach. As
smartphone adoption and mobile internet connectivity con-
tinue to grow across the globe, the reach of the hearWHO
test is expected to increase. Translation in other languages
and validation for people under 18 years is also likely to
further improve global uptake.

Acknowledgements: The first author receives support from the
Skye Foundation. The third author receives support from the
NIHR Manchester Biomedical Research Centre.

Contributorship: DWS provided data. KDS, HM, and DWS
analyzed the data. KDS, CS, CC, HCM, DRM, and DWS wrote
and critically revised the paper.

Conflict of interest: DRM, HCM, and DWS have a relationship
with the hearX Group (Pty) Ltd, which includes equity,
consulting, and potential royalties.

Figure 4. hearWHO uptake across countries. (A) Number of hearWHO tests per 100,000 people for the top 10 countries, (B) Number of
hearWHO tests for the top 10 countries.

Figure 5. hearWHO monthly test uptake from February 2019 to May
2021 (n= 242,626).

De Sousa et al. 7



Funding: The author(s) disclosed receipt of the following
financial support for the research, authorship, and/or publication
of this article: This work was supported by the Harry
Oppenheimer.

Guarantor: KDS.

ORCID iD: Karina C De Sousa https://orcid.org/0000-0003-
1742-1613

References
1. Olusanya BO, Sirimanna T andMcPherson B. Timely sensory

stimulation and early childhood development. Lancet 2017;
390: 2626.

2. Mick P, Kawachi I and Lin FR. The association between
hearing loss and social isolation in older adults. Otolaryngol
Head Neck Surg 2014; 150: 378−384.

3. Shan A, Ting J, Price C, et al. Hearing loss and employment: a
systematic review of the association between hearing loss and
employment among adults. J Laryngol Otol 2020; 134: 387–397.

4. Livingston G, Sommerlad A, Orgeta V, et al. Dementia pre-
vention, intervention, and care. Lancet 2017; 390: 2673–
2734.

5. World Health Organization [WHO]. World Report on
Hearing, https://www.who.int/publications/i/item/world-
report-on-hearing (2021, accessed 1 September 2021).

6. World Health Organization. Global cost of unadressed
hearing loss and cost-effective interventions, https://apps.
who.int/iris/handle/10665/254659 (2017, accessed 23 July
2021).

7. World Health Assembly. Prevention of deafness and hearing
loss, http://apps.who.int/gb/ebwha/pdf_files/WHA70/A70_
R13-en.pdf?ua=1 (2017, accessed 22 July 2021).

8. McDaid D, Park A-L and Chadha S. Estimating the global
costs of hearing loss. Int J Audiol 2021; 60: 162–170.

9. Mulwafu W, Ensink R, Kuper H, et al. Survey of ENT ser-
vices in sub-Saharan Africa: little progress between 2009
and 2015. Glob Health Act 2017; 10: 1289736.

10. National Academies of Sciences. Hearing care for adults: pri-
orities for improving access and affordability, https://www.
nap.edu/catalog/23446/hearing-health-care-for-adults-priorities-
for-improving-access-and (2016, accessed 22 July 2021).

11. GSMA. The State of Mobile Internet Connectivity, https://
www.gsma.com/r/wp-content/uploads/2020/09/GSMA-State-
of-Mobile-Internet-Connectivity-Report-2020.pdf (2020,
accessed 18 June 2021).

12. Frisby C, Mahomed-Asmail F, Eikelboom RH, et al. Mhealth
applications for hearing loss—a scoping review. Telemed J E
Health 2021.

13. Yousuf Hussein S, Wet Swanepoel D, Biagio de Jager L, et al.
Smartphone hearing screening in mHealth assisted
community-based primary care. J Telemed Telecare 2016;
22: 405–412.

14. Swanepoel DW, De Sousa KC, Smits C, et al. Mobile appli-
cations to detect hearing impairment: opportunities and chal-
lenges. Bull World Health Organ 2019; 97: 717.

15. Smits C, Kapteyn TS and Houtgast T. Development and val-
idation of an automatic speech-in-noise screening test by tele-
phone. Int J Audiol 2004; 43: 15–28.

16. Van den Borre E, Denys S, van Wieringen A, et al. The digit
triplet test: a scoping review. Int J Audiol 2021; 60: 1–18.

17. De Sousa KC, De Wet Swanepoel DRM, Myburgh HC, et al.
Improving sensitivity of the digits-in-noise test using antipha-
sic stimuli. Ear Hear 2020; 41: 442.

18. Potgieter JM, Swanepoel DW, Myburgh HC, et al.
Development and validation of a smartphone-based digits-
in-noise hearing test in South African English. Int J Audiol
2016; 55: 405–411.

19. Cheung KL, Durusu D, Sui X, et al. How recommender
systems could support and enhance computer-tailored digital
health programs: a scoping review. Digit Health 2019; 5:
1–19.

20. GSMA. The mobile economy. https://www.gsma.com/
mobileeconomy/wp-content/uploads/2021/07/GSMA_Mobile
Economy2021_3.pdf (2021, accessed 16 August 2021).

21. Sanders D, Stern R, Struthers P, et al. What is needed for
health promotion in Africa: band-aid, live aid or real
change? Crit Pub Health 2008; 18: 509–519.

22. Potgieter JM, Swanepoel DW, Myburgh HC, et al. The South
African English smartphone digits-in-noise hearing test: effect
of age, hearing loss, and speaking competence. Ear Hear
2018; 39: 656–663.

23. Vos T, Lim SS, Abbafati C, et al. Global burden of 369 dis-
eases and injuries in 204 countries and territories, 1990–
2019: a systematic analysis for the global burden of disease
study 2019. Lancet 2020; 396: 1204–1222.

24. Moore DR, Edmondson-Jones M, Dawes P, et al. Relation
between speech-in-noise threshold, hearing loss and cognition
from 40–69 years of age. PloS one 2014; 9: e107720.

25. Watson C, Kidd G, Preminger J, et al. Benefits of a
telephone-administered national screening test Audiology
Online 2015; 27: 1–8.

26. Pew Research Center. Mobile Fact Sheet. https://www.
pewresearch.org/internet/fact-sheet/mobile/ (2021, accessed
16 August 2021).

27. Mohadisdudis HM and Ali NM. A study of smartphone usage
and barriers among the elderly. In: 2014 3rd international con-
ference on user science and engineering (i-USEr) 2014, 109–
114. IEEE.

28. GSMA. The mobile gender-gap report. https://www.gsma.
com/r/wp-content/uploads/2021/07/The-Mobile-Gender-Gap-
Report-2021.pdf (2021, accessed 16 August 2021).

29. Agrawal Y, Platz EA and Niparko JK. Prevalence of hearing
loss and differences by demographic characteristics among
US adults: data from the national health and nutrition exam-
ination survey, 1999–2004. Arch Intern Med 2008; 168:
1522–1530.

30. Goman AM and Lin FR. Prevalence of hearing loss by sever-
ity in the United States. Am J Pub Health 2016; 106:
1820–1822.

31. Koopmans WJ, Goverts ST and Smits C. Speech recognition
abilities in normal-hearing children 4 to 12 years of age in sta-
tionary and interrupted noise. Ear Hear 2018; 39: 1091.

32. Denys S, Wouters J and vanWieringen A. The digit triplet test
as a self-test for hearing screening at the age of school-entry.
Int J Audiol 2021; 61: 1–8.

8 DIGITAL HEALTH

https://orcid.org/0000-0003-1742-1613
https://orcid.org/0000-0003-1742-1613
https://orcid.org/0000-0003-1742-1613
https://www.who.int/publications/i/item/world-report-on-hearing
https://www.who.int/publications/i/item/world-report-on-hearing
https://www.who.int/publications/i/item/world-report-on-hearing
https://apps.who.int/iris/handle/10665/254659
https://apps.who.int/iris/handle/10665/254659
https://apps.who.int/iris/handle/10665/254659
http://apps.who.int/gb/ebwha/pdf_files/WHA70/A70_R13-en.pdf?ua=1
http://apps.who.int/gb/ebwha/pdf_files/WHA70/A70_R13-en.pdf?ua=1
http://apps.who.int/gb/ebwha/pdf_files/WHA70/A70_R13-en.pdf?ua=1
https://www.nap.edu/catalog/23446/hearing-health-care-for-adults-priorities-for-improving-access-and
https://www.nap.edu/catalog/23446/hearing-health-care-for-adults-priorities-for-improving-access-and
https://www.nap.edu/catalog/23446/hearing-health-care-for-adults-priorities-for-improving-access-and
https://www.nap.edu/catalog/23446/hearing-health-care-for-adults-priorities-for-improving-access-and
https://www.gsma.com/r/wp-content/uploads/2020/09/GSMA-State-of-Mobile-Internet-Connectivity-Report-2020.pdf
https://www.gsma.com/r/wp-content/uploads/2020/09/GSMA-State-of-Mobile-Internet-Connectivity-Report-2020.pdf
https://www.gsma.com/r/wp-content/uploads/2020/09/GSMA-State-of-Mobile-Internet-Connectivity-Report-2020.pdf
https://www.gsma.com/r/wp-content/uploads/2020/09/GSMA-State-of-Mobile-Internet-Connectivity-Report-2020.pdf
https://www.gsma.com/mobileeconomy/wp-content/uploads/2021/07/GSMA_MobileEconomy2021_3.pdf
https://www.gsma.com/mobileeconomy/wp-content/uploads/2021/07/GSMA_MobileEconomy2021_3.pdf
https://www.gsma.com/mobileeconomy/wp-content/uploads/2021/07/GSMA_MobileEconomy2021_3.pdf
https://www.gsma.com/mobileeconomy/wp-content/uploads/2021/07/GSMA_MobileEconomy2021_3.pdf
https://www.pewresearch.org/internet/fact-sheet/mobile/
https://www.pewresearch.org/internet/fact-sheet/mobile/
https://www.pewresearch.org/internet/fact-sheet/mobile/
https://www.gsma.com/r/wp-content/uploads/2021/07/The-Mobile-Gender-Gap-Report-2021.pdf
https://www.gsma.com/r/wp-content/uploads/2021/07/The-Mobile-Gender-Gap-Report-2021.pdf
https://www.gsma.com/r/wp-content/uploads/2021/07/The-Mobile-Gender-Gap-Report-2021.pdf
https://www.gsma.com/r/wp-content/uploads/2021/07/The-Mobile-Gender-Gap-Report-2021.pdf


33. Buss E, Leibold LJ and Hall JWIII. Effect of response context
and masker type on word recognition in school-age children
and adults. J Acoust Soc Am 2016; 140: 968–977.

34. Wolmarans J, De Sousa KC, Frisby C, et al. Speech recogni-
tion in noise using binaural diotic and antiphasic digits-in-
noise in children: maturation and self-test validity. J Am
Acad Audiol 2021; 32: 315–323.

35. World Health Organization. World Hearing Day
2020-Activities Report., https://cdn.who.int/media/docs/
default-source/campaigns-and-initiatives/world-hearing-day/
2020/whd-2020-report-of-activities-(1).pdf?sfvrsn=277641bb_5
(2020, accessed 17 August 2021).

36. World Health Organization. World Hearing Day 2019 -
Activities Report., https://cdn.who.int/media/docs/default-
source/documents/world-hearing-day-2019-activities-report.
pdf?sfvrsn=1c5aedbf_2 (2019, accessed 17 August 2019).

37. The World Bank. Population Data, https://data.worldbank.
org/indicator/SP.POP.TOTL?locations=LC (2021, accessed
17 August 2021).

38. Purcarea EVL. The impact of marketing strategies in health-
care systems. J Med Life 2019; 12: 93.

39. World Health Organization. Make Listening Safe. https://
www.who.int/activities/making-listening-safe (2019, accessed
1 September 2021).

De Sousa et al. 9

https://cdn.who.int/media/docs/default-source/campaigns-and-initiatives/world-hearing-day/2020/whd-2020-report-of-activities-(1).pdf?sfvrsn=277641bb_5
https://cdn.who.int/media/docs/default-source/campaigns-and-initiatives/world-hearing-day/2020/whd-2020-report-of-activities-(1).pdf?sfvrsn=277641bb_5
https://cdn.who.int/media/docs/default-source/campaigns-and-initiatives/world-hearing-day/2020/whd-2020-report-of-activities-(1).pdf?sfvrsn=277641bb_5
https://cdn.who.int/media/docs/default-source/campaigns-and-initiatives/world-hearing-day/2020/whd-2020-report-of-activities-(1).pdf?sfvrsn=277641bb_5
https://cdn.who.int/media/docs/default-source/documents/world-hearing-day-2019-activities-report.pdf?sfvrsn=1c5aedbf_2
https://cdn.who.int/media/docs/default-source/documents/world-hearing-day-2019-activities-report.pdf?sfvrsn=1c5aedbf_2
https://cdn.who.int/media/docs/default-source/documents/world-hearing-day-2019-activities-report.pdf?sfvrsn=1c5aedbf_2
https://cdn.who.int/media/docs/default-source/documents/world-hearing-day-2019-activities-report.pdf?sfvrsn=1c5aedbf_2
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=LC
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=LC
https://data.worldbank.org/indicator/SP.POP.TOTL?locations=LC
https://www.who.int/activities/making-listening-safe
https://www.who.int/activities/making-listening-safe
https://www.who.int/activities/making-listening-safe

	 Introduction
	 Method
	 Participants
	 Procedures

	 Results
	 Discussion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


