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Objectives: Childhood hearing loss has well-known lifelong conse-
quences. Certain rural populations are at higher risk for infection-related 
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hearing loss in Alaska Native children has been estimated to 
be up to 31%, compared to 1.7 to 5% prevalence among the 
general US child population (Reed et al. 1967; Mehra et al. 
2009). However, Alaska prevalence data are over 50 years old, 
and much has changed during this time. Telehealth has become 
widely available for ear and hearing care in rural Alaska, expand-
ing access to rural, difficult-to-reach areas of the state (Kokesh 
et al. 2004; Hofstetter et al. 2010; Kokesh et al. 2011; Carroll et 
al. 2011). Additionally, the introduction of pneumococcal vac-
cination, including the 7-valent (PCV7) and 13-valent (PCV13) 
pneumococcal conjugate vaccines, has reduced the frequency of 
otitis media across the US (Singleton et al. 2009, 2018). There 
is nevertheless still evidence of a higher burden of otitis media 
among rural Alaska Native children, with otitis media rates 
3-fold higher than in the general US population despite simi-
larly high rates of PCV13 vaccination (Singleton et al. 2018). 
Updated prevalence data are urgently needed to characterize the 
current landscape of childhood hearing loss in this high-risk 
population.

We report hearing loss prevalence in the Bering Strait 
region of rural, northwest Alaska from Hearing Norton Sound, 
a cluster-randomized trial (2017–2019) evaluating mHealth 
screening tools and telemedicine specialty referral for school 
hearing screening in a kindergarten-12th grade (K-12) popula-
tion (Emmett et al. 2019a; Emmett et al. 2019b; Emmett et al. 
2022). Based on the request of participating communities, an 
ancillary trial was launched in the second academic year of the 
main trial to include preschool-aged children. This prevalence 
analysis, therefore, spans both the K-12 and preschool trials, to 
include 1634 children ages 3 to 21 years. To enhance compara-
bility to studies in other populations, the trials were designed 
and carried out using the WHO definition of hearing loss (pure-
tone average [PTA] >25 dB of 0.5, 1, 2, and 4kHz) applied to 
either ear. However, in March 2021 the WHO published the 
World Report on Hearing, which reduced the cutoff for hearing 
loss to PTA ≥20 dB. We have therefore included both defini-
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Definitions
A complete list of hearing loss definitions is available in 

Table 1 in Supplemental Digital Content 1, http://links.lww.
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To minimize the effect of the Hearing Norton Sound 
intervention on measurements of prevalence, the first avail-
able comprehensive audiometric assessment that each child 
provided (i.e., before exposure to the enhanced telemedicine 
referral) was used to calculate WHO-defined hearing loss, 
type of hearing loss, and middle ear disease. Because high-
frequency tones were only collected in year 2 of the study, all 
high-frequency hearing loss prevalence estimates used year 2 
study data only.

Evaluating both the former and new WHO definitions for 
hearing loss using data from our study presents some caveats 
that require consideration. During trial data collection, we used 
the former WHO definition (PTA > 25 dB). In the younger chil-
dren who were more difficult to test, if a threshold of 20 dB was 
obtained, it was considered within normal limits based on the 
hearing loss definition used in the protocol, and further threshold 
testing was not performed. This was done to reduce fatigue and 
increase the likelihood for acquiring more data across frequencies 
in the younger participants. Using the new WHO definition of 
hearing loss, particularly for children 7 years of age and younger, 
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moderate or worse representing 3.3% (95% CI, 2.3 to 4.3) of the 
cohort. Unilateral hearing loss (13.5%, 95% CI, 11.6 to 15.5) 
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TABLE 2.  Prevalence of hearing conditions across all ages (first screening), with complete case and multiply imputed estimates

Outcome 

Complete Case Multiply Imputed

Obs Prevalence (95% CI) Obs Prevalence (95% CI) 

WHO de�ned hearing loss (PTA > 25 dB de�nition)* 1556 8.5 (7.2–10.0) 1634 10.5 (8.9–12.1)
WHO de�ned hearing loss severity  7.2–10.0) 1634 10.5 (8.9–12.1)
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screening versus study years 1 and 2), the prevalence of hearing 
loss was marginally higher in the second year of the study com-
pared to the first screening (see Table 7 in Supplemental Digital 
Content 1, http://links.lww.com/EANDH/B124).

Similar to the standard screening frequencies, high-fre-
quency tones were difficult to obtain in children aged 3 to 6 and 

http://links.lww.com/EANDH/B124
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study designs and were conducted in different regions of rural 
Alaska and are therefore not directly comparable, a decline in 
the prevalence is expected given improved access to care and 
widespread coverage of pneumococcal vaccination that have 
occurred over the past 20 years. Hearing loss prevalence for chil-
dren and adolescents continues to be higher in rural Alaska than 
in the general US population, which has been estimated as 3.1% 
using a compilation of nationally representative screening stud-
ies that applied the criteria of PTA >25 dB (Mehra et al. 2009).

Similar to historical data, middle ear disease continues to be 
prominent in the youngest children, suggesting that infection-
related hearing loss continues to be an important contributor 
to overall prevalence in this population. This finding is consis-
tent with other recent studies that observed higher otitis media 
rates in rural regions of Alaska than in urban areas of the state 
or the general US (Singleton et al. 2018). Similarly, high bur-
dens of infection-related hearing loss have been noted in other 
circumpolar and indigenous populations, including cohorts in 



	 EMMETT ET AL. / EAR & HEARING, VOL. 44, NO. 5, 1240–1250	 1249

the new WHO definition highlights that this lower threshold to 
define hearing loss may be particularly challenging to imple-
ment in field studies with young children. It will be important 
for future studies to begin with this definition and train testers 
to focus on thresholds of 15 dB or less to facilitate accurate 
results. While the new WHO definition is comparable to the 
commonly applied clinical cutoff (15 dB) for normal-hearing 
children, field testing is very different from testing in a sound 
treated environment. Minimizing ambient noise in the testing 
environment, as well as the future development of audiometric 
equipment for use outside the sound booth that is increasingly 
sensitive at the lowest thresholds will be important to facilitate 
accurate data collection with the new definition. Ultimately, the 
widespread adoption of a single definition of hearing loss will 
greatly facilitate the comparison of results across populations 
and regions and therefore should be promoted, albeit with the 
challenges noted above taken into consideration.

In the preschool trial, up to one-third of children did not con-
dition to audiometric testing. We report multiply imputed results 
in this analysis to address these missing data in the youngest 
children. Because a full audiometric assessment was performed 
on every child, including objective tests such as otoacoustic 
emissions, tympanometry, and otoscopy, there were ample data 
to build a multiple imputation model. There was nevertheless 
uncertainty in the multiple imputation estimates, which is illus-
trated by the spread of multiple imputation results at the young-
est ages (Fig. 2). The multiply imputed results for middle ear 
disease did not demonstrate the same spread, which is expected 
since middle ear disease can be evaluated strictly with objec-
tive testing and therefore had significantly fewer missing data 
(Fig. 2). It should be noted that the ability of multiple imputation 
to produce unbiased prevalence estimates relies on the availabil-
ity of enough variables that predict missingness and missing 
data values themselves (Sterne et al. 2009), which in practice 
cannot be definitively confirmed. However, the availability of 
results from multiple types of screening tools, including those 
that did not require a behavioral response, adds confidence to 
the ability to produce plausible estimates for the standard mea-
sures of hearing loss, correlating both with missingness itself 
and with the value of the missing responses. Unfortunately, 
such correlates were not available for the high-frequency tones, 
limiting our confidence in the ability to reliably measure the 
prevalence of high-frequency hearing loss in children younger 
than seven. The prevalence of high-frequency hearing loss, most 
commonly due to age- or noise-related hearing loss, is expected 
to be low in this preschool-aged population, however.

There are limitations to this study that should be mentioned. 
This prevalence analysis was conducted using two randomized 
trial cohorts designed to evaluate the impact of mHealth school 
screening and telehealth referral on the identification of child-
hood hearing loss. To avoid potential influence from the trial 
intervention, we analyzed data from children’s first screening 
over two academic years which meant point prevalence was 
measured over 12 to 18 months, and assumed that the incidence 
of the outcome did not change over time; an assumption we 
believe is reasonable. The influence of the intervention could 
not be avoided for the high-frequency analysis for children who 
participated in both years of the trial, as high frequencies were 
added in the second year of the study. Finally, because this was a 
field-based trial where audiometric evaluations were conducted 
in the school environment and not in a sound-proof booth, it 

is possible that noise influenced results. The tablet-based audi-
ometer used for testing performed continuous noise monitoring 
and notified study audiologists if the environment was too loud.

There are several important strengths of this study. Unlike 
many screening studies that limit full evaluations to children 
who do not pass screening, all children in this cohort under-
went a comprehensive audiological evaluation. Study audi-
ologists lived and worked in the region where the study was 
conducted and had experience with testing Alaska Native chil-
dren. Importantly, this prevalence study included approximately 
71% of preschool- and school-aged children in the Bering Strait 
region, and demographic data were similar between the full 
school-aged population and the study population. Results are 
therefore generalizable to the Bering Strait region, which cov-
ers 23,000 square miles of rural northwest Alaska. Although 
not directly generalizable to the state as a whole, these results 
also have implications for the broader Alaska Native population 
in rural regions of Alaska and are consistent with other stud-
ies that demonstrate a high rate of otitis media in rural regions 
(Singleton et al. 2018).

There are important public health implications of this study. 
Hearing loss continues to be common in rural Alaska Native 
children, with higher prevalence than in the general US popula-
tion. Infection-related hearing loss is more prevalent in younger 
children in this cohort, while high-frequency hearing loss is 
more common with increasing age. Prevention efforts may ben-
efit from focusing on managing different hearing loss types by 
age. Continued research on the impact of the revised WHO defi-
nition of hearing loss would be valuable, with particular atten-
tion to the challenges of its application in young children.
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