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AbstrACt
Introduction The population in rural Alaska experiences a 
disproprionately high burden of infection-mediated hearing 
loss. While the state mandates school hearing screening, 
many children with hearing loss are not identified or are 
lost to follow-up before ever receiving treatment. A robust, 
tribally owned healthcare system exists in Alaska, but 
children with hearing loss must first be identified and 
referred for existing infrastructure to be used. This trial 
will evaluate a new school hearing screening and referral 
process in rural Alaska, with the goal of improving timely 
identification and treatment of childhood hearing loss.
Methods and analysis Comparative effectiveness 
community randomised trial testing digital innovations 
to improve school hearing screening and referral in 15 
communities in the Norton Sound region of northwest 
Alaska, with data collection from October 2017 to February 
2020. All children (K-12) attending school in Bering 
Strait School District with parental informed consent and 
child assent will be eligible (target recruitment n=1500). 
Participating children will undergo both the current 
school hearing screen and new mobile health (mHealth) 
screen, with screening test validity evaluated against an 
audiometric assessment. Communities will be cluster 
randomised to continue the current primary care referral 
process or receive telemedicine referral for follow-up 
diagnosis and treatment. The primary outcome will be 
time to International Statistical Classification of Diseases, 
10th Revision, ear/hearing diagnosis from screening date, 
measured in days. Secondary outcomes will include: 
sensitivity and specificity of current school and mHealth 
screening protocols measured against a benchmark 
audiometric assessment (air and bone conduction 
audiometry, tympanometry and digital otoscopy); hearing 
loss prevalence; hearing-related quality of life; and school 
performance (AIMSweb). Intention-to-treat analysis will be 
used.
Ethics and dissemination This study has been approved 
by the Institutional Review Boards of Alaska Area, 
Norton Sound and Duke University and is registered on  
clinicaltrials. gov. Results will be distributed with equal 
emphasis on scientific and community dissemination.
trial registration number NCT03309553; Pre-results.

IntroduCtIon 
Hearing loss impairs childhood develop-
ment, restricts educational achievement 

and compromises future earning poten-
tial.1–9 Rural Alaska, where the population is 
primarily Alaska Native, experiences a dispro-
portionately high burden of infection-medi-
ated hearing loss compared with the general 
US population.10–14 

strengths and limitations of this study

 ► A strength of this study is that the intervention was 
developed with Alaska stakeholder and community 
input, including parents, teachers, administrators, 
community health aides, children and communi-
ty leaders, to ensure that it represents a culturally 
relevant solution to address undiagnosed childhood 
hearing loss in rural Alaska.

 ► This study will provide the first empirical evidence 
on the effectiveness of current school screening 
programmes in the state of Alaska and represents a 
unique opportunity to evaluate a new school screen-
ing protocol that uses mobile health (mHealth)-
based screening tools and telemedicine referral in 
a remote region of Alaska where telemedicine has 
already been standard practice for triage of health 
concerns for over 15 years.

 ► This study will provide much-needed, current epide-
miological data on childhood hearing loss in Alaska.

 ► Screening and referral interventions are by nature 
meant to be applied to communities as a whole, so 
the cluster randomised design is a logical choice. 
However, a cluster randomised trial has lower sta-
tistical power and precision than an individually 
randomised trial with the same number of individual 
participants and has to address typical challenges 
such as selection bias, imbalance between study 
arms and generalisability accompaning a clus-
ter randomised design. The time frame of annual 
screening and referral interventions over two aca-
demic years limits the possibility of adapting other 
design features, such as step-wedge or waitlist con-
trol for the telemedicine referral process.

 ► While aspects of this intervention are designed spe-
cifically for the Alaskan context, the combination of 
mHealth screening and telemedicine referral could 
be replicated to address childhood hearing loss dis-
parities in other remote regions of the world.

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2018-023078
http://dx.doi.org/10.1136/bmjopen-2018-023078
http://dx.doi.org/10.1136/bmjopen-2018-023078
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NCT03309553


2 Emmett SD, et al. BMJ Open 2019;9:e023078. doi:10.1136/bmjopen-2018-023078

Open access 

Barriers to care exacerbate the alarmingly high prev-
alence of hearing loss in rural Alaska. Spanning 586 000 
square miles, 75% of Alaskan communities are not 
connected to a hospital by road, necessitating travel by 
plane or boat to be seen by a specialist.15 Population spar-
sity (1.1 per square mile) and a low ratio of doctors to resi-
dents contribute to pervasive delays in care.15 16 In response 
to these challenges, tribally owned regional healthcare 
systems have developed an extensive network of village 
health clinics that are staffed by community health aides 
(CHAs) to provide basic healthcare services in remote 
communities.17 18 Innovative telemedicine technology has 
been adopted in Alaska over the past 15 years to improve 
access to care. A statewide telemedicine network allows 
consults initiated in communities to be read remotely by 
specialists in an asynchronous fashion.15 19–22 Through 
telemedicine, a specialist can direct care provided by 
CHAs in the community or expedite travel to a regional 
centre if an in-person visit, imaging or surgery is required, 
thus bypassing delays in primary care. Early in its adop-
tion, asynchronous or ‘store and forward’ telemedicine 
consultation was validated as equivalent to in-person 
examination for ear and hearing problems.23–25

The state of Alaska mandates school hearing screening, 
an important step in identifying children with hearing 
loss.26 It is unclear, however, how effective the current 
screening protocols are in identifying children with 
hearing loss in a timely manner, and loss to follow-up 
in the referral stage is a persistent problem. While tele-
medicine technology has been used to triage ear and 
hearing problems in communities for many years, it has 
never been used in the school hearing screening referral 
process. This trial builds on the existing school screening 
mandate and telemedicine network in Alaska to compare 
two school screening and referral processes in the Bering 
Strait School District (BSSD) of the Norton Sound region 
of northwest Alaska. If proven effective, the new mobile 
health (mHealth) screening and expedited telemedicine 
referral process evaluated in this study could be imple-
mented in school districts across the state of Alaska. 
Results could be generalisable to populations living in 
other remote locations in the USA and worldwide.

Gaps in the evidence
Multiple gaps exist in quantifying prevalence, risk factors 
and consequences of childhood hearing loss in rural 
Alaska, as well as effectiveness of screening and referral 
protocols in identification and management of childhood 
hearing loss in remote environments.11 12 14 21 27 28 The 
little epidemiological data available suggest otitis media 
prevalence of 30%–78% in Alaska Native children, with 
hearing loss in 31%.10 27 28 This is in stark contrast to 
the ~1.7%–5% prevalence of childhood hearing loss in 
the general US population, with studies in both popula-
tions defining hearing loss as pure-tone average (PTA) 
>25 dB (500 Hz, 1000 Hz and 2000 Hz).10 29 With much of 
the Alaska data now over 50 years old, there is an urgent 
need for updated epidemiological data. Risk factors that 

contribute to high hearing loss prevalence in rural Alaska 
need to be further elucidated. Low socioeconomic status 
(SES) has been associated with hearing loss previously,8 9 12 
but measures of SES used in studies in the continental 
USA do not account for the richness of culture and 
health associated with Alaska Native traditions of subsis-
tence and lifestyle (ie, living off the land and sea). Data 
are needed on the impact of environmental factors on 
hearing loss, from lack of running water in some rural 
Alaska communities to household crowding and indoor 
air pollution.11 30–32

An important method of identifying and managing 
otitis media and subsequent hearing loss in children is 
school hearing screening.33 However, current screening 
programmes in Alaska have never been studied to assess 
sensitivity and specificity. Loss to follow-up from referrals 
is anecdotally a major problem in the school screening 
process, yet tracking the proportion of children referred 
from screening who actually go on to be diagnosed and 
treated has never been done.

objective
The objective of the Hearing Norton Sound study is to 
evaluate a new school hearing screening and referral 
process in rural Alaska, with the goal of improving timely 
identification and treatment of childhood hearing loss. 
The study is funded by the Patient-Centered Outcomes 
Research Institute, a non-governmental organisation 
that supports patient-centred comparative effective-
ness research and represents a collaboration between 
Norton Sound Health Corporation, Duke University and 
Johns Hopkins University. Stakeholder and community 
involvement are integral to this mixed methods commu-
nity randomised trial and are described in depth in the 
companion protocol.34 This protocol focuses specifically 
on the community randomised trial, with the specific aim 
of:

Aim
Complete a comparative effectiveness community 
randomised trial of two school-based screening and 
referral processes in rural Alaska that evaluates time to 
diagnosis (primary outcome), sensitivity and specificity 
of screening against audiometric evaluation, prevalence 
of hearing loss by audiometric evaluation, hearing-re-
lated quality of life (HEAR-QL) and school performance 
(secondary outcomes).

Hypothesis 1
Expedited telemedicine referral will reduce time to diag-
nosis compared with the current primary care referral 
process, leading to more timely treatment of childhood 
hearing loss.

Hypothesis 2
mHealth school screening will be more sensitive than the 
current school screening protocol.
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Hypothesis 3
Prevalence of childhood hearing loss will be reduced 
(3a), hearing-related quality of life will improve (3b) and 
school performance will improve (3c) in communities 
randomised to expedited telemedicine referral compared 
with communities with the current primary care referral 
process due to expedited diagnosis and treatment.

The advances in knowledge and practice gained from 
this study have the potential to change school screening 
and referral processes statewide and could represent a 
major step forward in addressing childhood hearing loss 
in rural Alaska.

MEthods And AnAlysIs
overview of study design
The Hearing Norton Sound study is a mixed methods 
comparative effectiveness community randomised trial 
on school-based hearing screening and referral process 
(figure 1). Qualitative components of the study, including 
community engagement in the form of focus groups and 
semi-structured interviews to gain community and stake-
holder perspectives on the intervention, are described in 
the companion protocol.34 The study design was selected 
with two primary intentions: (1) to maintain a real-world 
environment that will allow study results to be scaled up 
across the state and (2) to be highly sensitive to cultural 
concerns regarding research in Alaska Native communi-
ties. The framework for the community randomised trial 
is summarised in table 1.

Patient and public involvement
Patient and community involvement is central to the 
design, execution and dissemination of the Hearing 
Norton Sound study and is described in depth in the 
companion protocol.34

Study population, setting and eligibility
The BSSD, comprised of 15 communities in the Norton 
Sound region, has been selected for the study. The study 
will be conducted in the school and clinic associated with 
each of these 15 communities. All school-aged children, 
from kindergarten through 12th grade, will be eligible to 
participate. Compared with the general US population, 
prevalence of hearing loss for Alaska Native children is 
high across this entire age range, so inclusion of all grades 
is important.

Recruitment
Parents of all children enrolled in BSSD will receive infor-
mation about the study and a written informed consent 
during the school intake process. This is standard prac-
tice for health interventions provided in the school 
setting in Alaska. A sociodemographic survey tailored to 
reflect the rural Alaska environment will also be included 
for parental completion. Study enrolment will occur over 
two academic years and will happen in each school on 
hearing screening day. All children with signed parental 
consent who are present on the day of screening will be 
enrolled. Verbal assent will be obtained from each child in 
a one-on-one environment prior to participation. Verbal 
and non-verbal cues will be used to determine a child’s 
level of willingness to participate (eg, eyebrow raise indi-
cates yes in this population). Despite parental consent, 
should a child indicate that they do not want to partici-
pate, they will not be enrolled. Children will be allowed 
to stop study involvement at any time.

We anticipate reaching 85% of target enrolment (n=1500) 
within the first 12 months of the trial. The intention of the 
study is to maintain a real-world environment where all 
children from kindergarten to 12th grade undergo school 
screening. Therefore, enrolment over two academic years 
is necessary to be inclusive of transferring students and new 
kindergartners matriculating in year 2 of the trial.

Figure 1 Hearing Norton Sound: a mixed methods community randomised trial consisting of an exploratory sequential stage 
followed by an explanatory sequential stage. The quantitative community randomised trial is described in this protocol, and the 
qualitative components of the study are described in the companion protocol.34
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Randomisation and masking
All enrolled school-aged children in each participating 
community will undergo the current school screening 
protocol, the new mHealth screening protocol and audio-
metric evaluation on hearing screening day. A cluster-ran-
domised design will be used to randomise communities 
to receive primary care referral or expedited telemedi-
cine referral, such that all children from a single commu-
nity will undergo the same referral process. Randomised 
referral assignments will be computer generated by the 
study statistician, stratified by four strata based on the 
combination of school sizes and geographic location. All 
possible permutations of assignment results under a strat-
ified randomisation with block size of 2 will be generated. 
Selection probabilities for these possible assignments will 
be inversely weighted so that assignments creating greater 
differences of school sizes between arms (within stratum 
and overall) are downweighted and less likely to be gener-
ated during randomisation. The set of randomised assign-
ments will then be randomly generated according to this 
weighted probability distribution.

Communities will each be assigned an identification 
(ID) code within their geographic strata by the lead-
ership team in Alaska. The study statistician at Johns 
Hopkins will generate randomised assignments based on 
the community ID without the knowledge of community 
identities. At the day of randomisation, after all commu-
nities become eligible for the trial (ie, 50% of parental 
inform consents per community have been obtained), 
the secure-stored ID list and the independently secure-
stored randomisation list will be unsealed and matched 
according to community ID codes to carry out the rando-
misation assignment.

The randomisation assignments will be kept confidential 
within the study team until hearing screening day, when 
masking the referral process assignment will no longer 
be possible. All study team members will be trained and 
reminded of the importance of randomisation conceal-
ment so that families’ willingness to participate in the trial 
will not be influenced by the knowledge of the referral 
assignment before enrolling in the study. In addition, all 
outcome assessors, including audiologists and ear, nose 
and throat (ENT) surgeons reading telemedicine consults 
within the Alaska Native healthcare system and study team 
members performing medical record abstraction, will be 
masked to intervention allocation. Study team members 
who read telemedicine consults as a part of their clinical 
responsibilities will abstain from reading any study-re-
lated consults. The results of the school screen, mHealth 
screen and audiometric assessments will also be masked, 
such that study team members performing the mHealth 
screen or audiometric assessment will be masked to the 
other results.

Hearing screening protocols and referral intervention
Our stakeholders and community members feel strongly 
that all enrolled children should derive benefit from 
enhanced school screening in the study and that all chil-
dren in a community should undergo the same referral 
process. We have therefore carefully crafted a study design 
to honour these wishes. All enrolled children will undergo 
the current school screening protocol and the mHealth 
screening protocol, as well as a benchmark audiometric 
assessment, on school screening day. The referral process 
will be cluster randomised by community, such that all 
enrolled children in a community will either receive the 

Table 1 PICOTS framework for the comparative effectiveness community randomised trial

Population Children attending kindergarten through 12th grade (4–21 years of age) in the Bering Strait School 
District (BSSD) in the Norton Sound region of Alaska. Up to 1900 students in 15 communities will be 
eligible to participate.

Intervention Mobile health (mHealth) hearing screening and expedited telemedicine referral.

Comparators There will be two comparators for screening and referral in this trial. Each child in participating 
communities will undergo the current school screening protocol and new mHealth screening, 
with screening test validity evaluated against clinical audiometric evaluation. Communities will be 
cluster randomised to: (1) primary care referral or (2) expedited telemedicine referral. Both referral 
pathways have been used for many years for management of ear disease in Alaska; however, 
telemedicine has not previously been integrated into the school hearing screening referral process.

Outcomes The primary outcome will be time to International Statistical Classification of Diseases, 10th Revision, 
ear/hearing diagnosis from the date of screening, measured in days. Secondary outcomes will 
include sensitivity and specificity of screening protocols against a benchmark audiometric evaluation, 
prevalence of hearing loss (pure-tone average >25 dB at 0.5 kHz, 1 kHz, 2 kHz and 4 kHz) by 
audiometric evaluation, hearing-related quality of life (HEAR-QL) and school performance (AIMSweb).

Timing School screenings will be performed annually for 2 years. The current school screen, mHealth screen, 
audiometric evaluation and HEAR-QL administration will occur on school-screening day. AIMSweb 
testing occurs in all BSSD schools three times annually. Follow-up, in the form of chart review of the 
multiorganisational electronic medical record used by Norton Sound, will continue for 9 months after 
each annual screening.

Setting Schools and clinics in remote Alaska communities in the Norton Sound region.

PICOTS, population, intervention, comparators, outcomes, timing, setting.
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current primary care referral process or the expedited 
telemedicine referral intervention. Here we describe the 
screening and audiometric protocols, followed by the 
randomised referral pathways.

Hearing screening protocols
Current screening protocol
In BSSD, students in grades K-5, 7, 9 and 11, along with 
children in any grade who referred screening the previous 
year, are screened annually using the Natus/Bio-Logic 
AuDX distortion product otoacoustic emission hearing 
screening. Screening is automated and involves school 
staff placing a soft tip in the ear and recording a pass or 
refer for each ear. Emissions are measured at 2 kHz, 3 
kHz, 4 kHz and 5 kHz in each ear using an overall pass/
refer criteria in which three of four frequencies must 
meet predetermined response conditions, as published 
by Gorga and colleagues.35 Rescreening does not occur 
in this automated protocol. Failure to meet overall pass 
criteria in one or both ears will generate a referral, with 
referral pathways described in the following section. 
Screening is typically performed by special education 
teachers and staff in various classroom environments. 
The current screening does not specifically assess middle 
ear function, an essential component of an ear health 
evaluation in an environment where otitis media is highly 
prevalent. For the purpose of the trial, all students from 
all grades will be screened by teachers using the AuDX 
device annually for 2 years. This will allow direct compar-
isons of sensitivity and specificity of the screening proto-
cols in all age groups.

mHealth screening protocol
The mHealth school screening protocol was selected 
based on systematic reviews36 and practice guidelines33 
for school screening, taking into account the consider-
able role of chronic otitis media in childhood hearing loss 
in rural Alaska. mHealth screening will be coordinated 
with regularly planned school screenings so that the two 
screens occur on the same day, eliminating seasonal and 
temporal variation in screening results. The mHealth 
screening protocol will include pure-tone screening at 
standard frequencies using hearScreen, a validated smart-
phone-based hearing screen (hearX Group, South Africa), 
and an assessment of middle ear function through tympa-
nometry (Otometrics, Denmark). New Zealand, with a 
similarly high prevalence of otitis media and hearing loss 
in Maori and Pacific Island populations, has incorporated 
tympanometry into their national screening protocol.37 
Members of the study team who are not trained audi-
ologists will perform the mHealth screen for all partic-
ipating children. The screening protocol that will be 
employed has been validated with traditional audiometric 
equipment as 100% sensitive and 97% specific during a 
screening of 3510 children in British Columbia38:

Pure-tone screening at 1 kHz, 2 kHz and 4 kHz at 20 dB 
with a validated mHealth smartphone screen.39–42 A 
tone will be presented at each frequency to each ear. 

If a child does not respond to a tone, a rescreen at that 
frequency will be performed at the end of the screen-
ing. Failure to respond to a tone at any frequency in 
either ear will generate a referral.33

Tympanometry screening. Type B (flat) tympanogram 
or negative pressure <−200 mm decapascal (daPa) will 
generate a referral.38

Audiometric assessment
During screening day, each participating child will also 
undergo an audiometric assessment to determine the 
sensitivity and specificity of the current school screening 
and mHealth screening protocols. This assessment will 
be performed using Shoebox, a validated mHealth tablet 
audiometer (Shoebox Audiometry, Clearwater Clinical, 
Canada), Otometrics tympanometer (Denmark) and 
Otometrics Otocam digital otoscope (Denmark). Study 
team members who are trained audiologists will perform 
this assessment. They will be blinded to the results of the 
mHealth and school screens. Otoscopy is important for 
diagnosing ear conditions requiring treatment in a popu-
lation with a high prevalence of otitis media, but it requires 
clinical skills and training that are not practical for imple-
mentation in a large-scale screening programme. We 
have therefore included otoscopy within our audiometric 
assessment as a component of the benchmark evaluation 
instead of incorporating it into the mHealth screening 
itself.

Air and bone conduction pure-tone audiometry us-
ing a validated mHealth tablet audiometer at 0.5 kHz, 
1 kHz, 2 kHz and 4 kHz.43 A referral will be generat-
ed for PTA >25 dB or a threshold >30 dB in a single 
frequency. Bone conduction will be performed at 
0.5 kHz, 1 kHz, 2 kHz and 4 kHz if hearing loss reach-
es the threshold for referral. Prevalence of hearing 
loss (PTA >25 dB at 0.5 kHz, 1 kHz, 2 kHz and 4 kHz) 
will be calculated from this audiogram.
Diagnostic tympanometry. Type B (flat) tympano-
gram or negative pressure <−200 daPa will generate 
a referral.
Digital otoscopy. Digital images of bilateral tympanic 
membranes will be taken. Pathological findings will 
generate a referral at the discretion of the audiologist.

Schools will generate a list of all children referred by 
the current screening protocol, as is already standard 
practice in each school. The study team will generate a 
list from the mHealth screen of all enrolled children who 
refer either by pure-tone screening or tympanometry. If 
a child passes the current and mHealth screening proto-
cols but is noted during the audiometric assessment to 
have conditions requiring treatment, they will also be 
flagged for referral. Referral lists will be reconciled at the 
conclusion of the screening day to ensure that all fami-
lies of children who refer will receive a single notification. 
Once a reconciled referral list has been developed by the 
study team, it will be handed over to local school leader-
ship and clinic staff to initiate and manage the referral 
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process. This hand-off is done to maintain a real-world 
environment that enhances generalisability of the study 
for future implementation in Norton Sound and other 
regions of Alaska.

Intervention arms
Communities will be randomised to the current primary 
care referral process or expedited telemedicine referral. 
Figure 2 highlights the complexity of the diagnosis and 
treatment pathway for childhood hearing loss in rural 
Alaska communities, with multiple branch points, wait 
times and potential need to travel for higher levels of care. 
The key differences between current (figure 2A) and 
expedited telemedicine referral processes (figure 2B) can 
be summarised by two fundamental issues we have iden-
tified with the current process: (1) children who refer 
screening can be lost to follow-up, preventing them from 
ever entering the healthcare system for diagnosis and 
treatment, and (2) despite the integration of telemedi-
cine in village health clinics for many years, telemedicine 
has never been systematically applied to expedite school 
hearing screening referral.

Current primary care referral process
In communities randomised to the current primary care 
process, families will be notified if their children screen 

positive in exactly the same method each school had been 
using previously. This process is managed by the school 
and involves a letter home to the parents, either sent with 
the child or by mail, requesting that the parent/caregiver 
bring the child to the village health clinic for evaluation 
by a CHA. This assessment can lead to multiple treatment 
pathways, including waiting for audiology field clinic, 
telemedicine consultation to audiology or referral to a 
primary care physician. ENT surgery becomes involved 
in the treatment pathway if recommended by audiology 
(figure 2A). In addition to letters home requesting that 
parents bring children into clinic for evaluation, a list 
of referred children is also given to the Department of 
Audiology at Norton Sound Health Corporation. Audi-
ology staff reach out to families to schedule appointments 
during the next available audiology clinic.

Expedited telemedicine referral
In communities randomised to the expedited telemedi-
cine intervention, parents of children who screen posi-
tive will receive a phone call from the school or the clinic 
notifying them of the day and time of their child’s tele-
medicine consultation appointment. Appointments will 
be made with CHAs who have dedicated time blocked off 
to perform referral telemedicine consults to audiology 

Figure 2 Primary care (A) and expedited telemedicine (B) referral pathways for diagnosis and treatment of childhood hearing 
loss in rural Alaska. CHA, community health aide; ENT, Ear, nose and throat surgery. 
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(figure 2B). Participating children who refer will be 
transported to clinic for their appointment with adult 
chaperones. Parents will be encouraged but not required 
to attend, except for children grades 2 and younger, for 
whom parental participation will be required. Thus, the 
expedited telemedicine referral pathway will systemati-
cally apply telemedicine consultation to audiology for all 
referrals and does not require the presence of a parent 
for completion. Similar to the current primary care 
referral process, ENT surgery will become involved in the 
treatment pathway if recommended by audiology.

Schools will manage the expedited telemedicine 
referral process jointly with clinic staff. The role of the 
study team is simply to provide a list to local school lead-
ership and clinic staff of students being referred.

Non-participating children in communities assigned 
to the expedited telemedicine intervention arm will 
receive standard referral following the current primary 
care referral process. All services provided at the clinic for 
the purposes of clinical care for Alaska Natives, including 
the telemedicine intervention, will be covered by Indian 
Health Service.

It is important to note that all communities partic-
ipating in this study have telemedicine within village 
health clinics that is routinely used by CHAs for triage and 
management of health problems, including ear-related 
complaints. While telemedicine is not routinely used for 
school hearing screening referrals at the current time, it 
will remain available to CHAs to use at their discretion 
throughout the course of the study, maintaining a real-
world environment where some crossover between the 
study arms may occur. We will monitor the use of tele-
medicine through chart reviews in the multiorganisa-
tional electronic medical record (EMR) used by Norton 
Sound Health Corporation that will be conducted on all 
participating children who refer. Chart reviews will be 
completed within 9 months of the date of school hearing 
screening. If we find a child has been lost to follow-up 

through chart review, we will contact the families at that 
time and expedite diagnosis and treatment as needed.

Outcome measures
Primary outcome: time to diagnosis
Randomised trial outcomes are summarised in table 2. 
Time to International Statistical Classification of Diseases, 
10th Revision (ICD-10), ear/hearing diagnosis from 
the date of screening, measured in days, will be used to 
assess time to entry into the healthcare system for the 
two referral pathways. All ear/hearing diagnoses in the 
Norton Sound EMR will be included, from a CHA exam-
ination or primary care provider to audiologist or ENT 
physician consultation, with time to entry defined by the 
first ear/hearing diagnosis recorded in the EMR after the 
date of screening. The inclusion of all types of providers 
reflects the current Alaska healthcare system, which exists 
in a continuum from village health clinics to regional 
centres and the tertiary referral hospital. The multior-
ganisational EMR used by Norton Sound is also used by 
the tertiary referral hospital in Anchorage where surgical 
ENT care is provided, enabling complete review of the 
entire diagnosis and treatment pathway. Based on prelim-
inary data, we hypothesise that time to diagnosis will 
decrease in the expedited telemedicine referral commu-
nities compared with primary care referral communities 
(hypothesis 1).16 19 22

Secondary outcomes
Sensitivity and specificity of the screening protocols will 
be measured against a benchmark audiometric assess-
ment, including air and bone conduction audiogram, 
tympanometry and digital otoscopy.44–47 The accepted 
definition of hearing loss from the WHO will be used 
(PTA >25 dB over 0.5 kHz, 1 kHz, 2 kHz and 4 kHz).48 
We have chosen to use the standard WHO definition 
of hearing loss instead of disabling childhood hearing 
loss (PTA >30 dB over 0.5 kHz, 1 kHz, 2 kHz and 4 kHz) 
because of ample evidence that mild hearing loss has a 

Table 2 Quantitative outcomes for the community randomised trial

Outcome Definition
Method for 
measurement Time measured

Time to diagnosis (primary) Days from date of screening to ear/
hearing ICD-10 diagnosis in EMR.

Chart review. Up to 9 months from date of 
screening.

Sensitivity and specificity of 
screening

Sensitivity and specificity of school 
and mHealth screening protocols 
compared with benchmark audiometric 
evaluation.

School screen, mHealth 
screen and audiometric 
evaluation.

Screening day.

Hearing loss prevalence Pure-tone average >25 dB (0.5 kHz, 
1 kHz, 2 kHz and 4 kHz).

Audiometric evaluation. Screening day.

Hearing-related quality of 
life (HEAR-QL)

Validated HEAR-QL child self-report. HEAR-QL. Screening day.

School performance Performance on validated, districtwide 
AIMSweb testing.

AIMSweb. Administered by schools 
three times annually.

EMR, electronic medical record; ICD-10, International Statistical Classification of Diseases, 10th Revision; mHealth, mobile health.
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detrimental impact on language outcomes, school perfor-
mance and vocational opportunities.1–9 We hypothesise 
that the mHealth screening protocol will be more sensi-
tive than the current school screening protocol, more 
accurately identifying children with hearing loss because 
it includes a middle ear assessment that is essential to 
fully evaluating ear health in a population with high prev-
alence of otitis media (hypothesis 2).

Prevalence of hearing loss as defined by the WHO 
(PTA >25 dB at 0.5 kHz, 1 kHz, 2 kHz and 4 kHz in either 
ear) will be compared from the first and second annual 
audiometric assessments.48 We hypothesise that hearing 
loss prevalence will decrease in telemedicine referral 
communities compared with primary care referral 
communities due to expedited diagnosis and treatment 
(hypothesis 3a).

Hearing-related quality of life will be measured using 
HEAR-QL child self-report.49 50 HEAR-QL has been 
selected, because it is the only validated tool available for 
hearing-specific quality of life in children 7–18 years of 
age. This study represents the first use of HEAR-QL in 
Alaska Natives and an opportunity to extend utilisation 
of this instrument to the Alaska Native population. We 
have obtained feedback from our initial focus groups on 
consequences of hearing loss that are specific to Alaskan 
Native culture. Based on this feedback, we have devel-
oped a short supplemental section to the HEAR-QL ques-
tionnaire to capture culture-specific quality of life (eg, 
willingness to participate in activities such as hunting or 
use of motor vehicles). We hypothesise that hearing-re-
lated quality of life measures will improve from year 1 to 

year 2 in telemedicine referral communities compared 
with primary care referral (hypothesis 3b).

School performance will be assessed using AIMSweb, a 
validated, reliable measure of math and reading perfor-
mance that is administered to all children in kindergarten 
to 8th grade three times annually in BSSD.51 52 We hypoth-
esise that school performance will improve from year 1 
to year 2 in telemedicine referral communities compared 
with primary care referral communities due to expedited 
diagnosis and treatment (hypothesis 3c).

Timing of data collection
The timing of data collection is detailed in figure 3. The 
qualitative components of the study illustrated in figure 3 
are discussed in the companion protocol.34 The study 
team will administer the mHealth screening, audiometric 
assessment and HEAR-QL in every community once 
annually for two consecutive academic years. AIMSweb is 
administered by schools three times annually. These data 
will be released to the study team as it becomes available.

Sample size
There are approximately 1900 students enrolled in the 
BSSD across 15 communities (BSSD, personal communi-
cation, 2016). We anticipate that total accrual in the study 
of 80% of children who attend BSSD schools (n=1520) 
is feasible because the school district already participates 
in state-mandated annual school hearing screening. 
Once 50% of parental consents have been obtained in all 
communities, the randomisation process will occur so the 
research team can plan for logistics for the referrals. This 

Figure 3 Timing of qualitative and quantitative data collection in the Hearing Norton Sound comparative effectiveness 
community randomised trial. EMR, electronic medical record; ICD-10, International Statistical Classification of Diseases, 10th 
Revision; mHealth, mobile health.
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study is intended to be inclusive of all children in BSSD, 
and thus we will continue to accept parental consents until 
school screening day, which represents the last day the 
randomised referral assignment can be strictly concealed. 
All children who assent to participation, have parental 
consent and are present on the day of screening will be 
enrolled. Maximum enrolment is therefore expected to 
be 1900 children.

Power calculations were performed for an assumed 
fixed sample size (n=1500). For the primary outcome of 
time to diagnosis, our preliminary studies have indicated 
that wait times decreased from an average of 4.2 months 
(18 weeks) to 2.5 months (10 weeks) when telemedicine 
was implemented in village health clinics in the Norton 
Sound region, with a SD of 0.7 months.16 Based on these 
data, we hypothesise that expedited telemedicine referral 
will reduce wait times by 8 weeks compared with current 
primary care referral. Assuming 80% power, type 1 error 
of 0.05, intracluster correlation coefficient (ICC) of 0.25 
and 10% loss to follow-up, 15 clusters will provide 81% 
power to assess a difference in absolute mean reduc-
tion in time to diagnosis of 3 weeks between arms. If we 
assume ICC=0.05, then we will have 80% power to detect 
a difference in mean reduction in time to diagnosis of 
1.5 weeks between arms. In general, we will have sufficient 
power to detect a mean difference in effect size of 0.8 and 
0.4 between arms for any continuous secondary outcomes 
assuming ICC=0.25 and 0.05, respectively. Assuming 20% 
prevalence of hearing loss (300 children with confirmed 
hearing loss by audiometric assessment) and type I 
error=0.05, we will have 80% power to detect a sensitivity 
of 96.6% in the mHealth screening versus 90% in the 
current screening protocol, with assumed ICC=0.05.

data management and security
Data will be collected and managed using a Research 
Electronic Data Capture (REDCap) database hosted by 
Duke University School of Medicine and available only 
to authorised investigators at Norton Sound, Duke and 
Johns Hopkins. REDCap is a secure, encrypted web-based 
platform suitable for multi-institutional research studies 
that has the capability for data entry, import of data from 
multiple external sources, audit of data manipulation 
and automated export to statistical packages for analysis. 
Password protection will be required, and passwords will 
conform to Norton Sound Health Corporation (NSHC) 
and Duke University policies.

Linkage of patient data will be required for the 
randomised trial and has been approved by the insti-
tutional review boards of Alaska Area, Norton Sound 
and Duke University. Data sources include audiometric 
screening and evaluation with validated instruments, 
HEAR-QL questionnaires, school performance data 
(AIMSweb), parent sociodemographic questionnaire 
and chart review of the Norton Sound EMR. We will use 
a unique identifier (UIN) on all forms and communica-
tions to allow for data linkage across sources. Access to 
the key linking UIN to participant names will be restricted 

to the principal investigators (PIs) and authorised NSHC 
study personnel. The key will be password protected and 
maintained on a secure NSHC server.

Every effort will be made to facilitate direct entry of data 
into the database whenever possible. Data from hearing 
screening, diagnostic audiometry, tympanometry and 
otoscopy will be imported directly from the respective 
mHealth devices. Quality of life data from the HEAR-QL 
survey will be entered directly using an electronic survey 
administered via tablet. In case of technical difficulties 
with electronic survey administration, such as loss of 
internet connection at a community school, paper forms 
will be available as backup. Parents will be given the option 
to complete the sociodemographic survey by phone. For 
those who prefer paper, a hard copy will be included in 
the school intake packet. Data that cannot be directly 
entered electronically, including AIMSweb results and 
medical record abstractions on each child who receives a 
referral from a positive hearing screen, will be manually 
entered into the database. All manual data entry will be 
performed by study team members blinded to allocation 
using double data entry. Database design will incorporate 
all necessary logic and range checks and prompts. Double 
data entry will be compared, with discrepancies identified 
and resolved.

Paper copies of consent forms, assent forms and any 
paper-based HEAR-QL and sociodemographic surveys 
will be stored in a locked filing cabinet at Norton Sound 
Health Corporation, accessible only by authorised study 
staff.

Censoring and missing data
As we plan to screen all children in all grades annually 
with the current school screening protocol and mHealth 
screen, in year 2, the 12th graders from year 1 will no 
longer be enrolled in school, and a new kindergarten class 
will have matriculated. This natural progression in each 
academic year is representative of the school-aged popu-
lation at large. Due to this design consideration, these 
children (~15% of the study population) will contribute 
only up to 1 annual data point, with the other annual data 
point designated as a protocol-defined censoring event 
that will be considered missing at random so will not 
induce bias with proper analysis. Children in other grade-
years (~85% of the study population) will contribute up to 
2 annual data points.

For the primary outcome of time to diagnosis, we will 
capture and review all encounters documented in the 
multiorganisational EMR used by NSHC to determine 
whether a participating child sought care after screening 
positive (a binary outcome), and among those who sought 
care, the time to first ear/hearing ICD-10 diagnosis. We 
believe we can achieve complete data collection without 
any missing data for these analyses and will use mixed 
effects modelling to address the within-child outcome 
correlation for children who contributed 2 annual data 
points in the same part of the analyses.
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For sensitivity, specificity and prevalence estimates, the 
data on which we base the analyses will be available for 
all children with parental consent who were present at 
school on hearing screening day. We will carefully docu-
ment and compare characteristics of school absence and 
dropout of those who consented and participated to 
those who were absent for the screening and will conduct 
sensitivity analyses on the prevalence estimates using 
multiple imputation and propensity score weighting to 
evaluate the robustness of results. We will also monitor 
absenteeism in real time during each of the four enrol-
ment periods (fall 2017, spring 2018, fall 2018 and spring 
2019). If at the end of an enrolment period missing data 
due to absenteeism exceeds 10%, a make-up screening 
will be performed in communities where it is needed.

While school hearing screening is mandated by the state 
of Alaska, there is currently no policy in place regarding 
missed screening due to absenteeism from school. In 
some schools, rescreening is done, and in others, it is 
not. We plan to rescreen communities with >10% absen-
teeism, with the goal of creating a rescreening policy that 
could be incorporated into the Alaska school screening 
mandate if the intervention is successful and ultimately 
becomes standard of care in the state.

statistical methods
Statistical significance and software
Two-sided p values <0.05 will be considered statistically 
significant. All quantitative analyses will be performed 
with Stata V.13.1 and SAS V.9.4.

Intention to treat
All participating communities have telemedicine capabil-
ities within village health clinics that will remain available 
to CHAs to use at their discretion throughout the course 
of the study, maintaining a real-world environment where 
some crossover between the study arms may occur. Data 
will nevertheless be evaluated using an intention-to-treat 
approach, with all data from intervention and control 
communities assessed by allocation regardless of adher-
ence to the intervention arm. We will monitor the use 
of telemedicine through EMR chart reviews that will be 
conducted on all children screening positive.

Overview of analysis
Individual child and community characteristics will be 
compared to identify potential imbalances of key vari-
ables between randomised arms, and any imbalances 
in characteristics noted during the initial analysis will 
be used as adjustment variables in subsequent main 
analyses and other multivariable modelling. Sociode-
mographic information collected by parental self-re-
port during the school intake process will facilitate 
any necessary confounding adjustment. Reliability of 
self-reported data will be confirmed in a random subset 
of questionnaires by comparison with socioeconomic 
data kept on file at Norton Sound Health Corpora-
tion. This test for reliability was selected because 

other individual-level surrogate measures of SES, 
such as qualification for free or reduced-price lunch 
or Medicaid eligibility, are nearly universal in partic-
ipating communities and are therefore not useful for 
differentiating SES in the study population.

Primary analyses
The primary outcome, time to ICD-10 ear/hearing diag-
nosis from the date of screening, will be calculated in days 
from screening day. If there exist children who were lost 
to follow-up after screening positive, data analyses will 
proceed with a two-part approach: first, the per cent not 
receiving care will be compared between the two referral 
arms; next, conditioning on those who sought care, the 
mean time to diagnosis will be compared between the 
two referral groups. Outcome correlation for children 
who contributed 2 annual data points will be addressed 
using random-effects frailty models for correlated time-
to-event outcomes, mixed effects modelling for contin-
uous outcomes, and generalised estimating equations 
(GEEs) for binary outcomes to assess the marginal effects 
of the intervention. Annual time trend in mean outcome 
between arms will be captured by modelling the main 
effects of intervention and time and the interaction effect 
of intervention by time. Children contributing 1 or both 
annual data points will be included in this unified model-
ling approach for data analyses.

Secondary analyses
Sensitivity and specificity of the current and mHealth 
screening protocols will be calculated by comparing to 
the benchmark audiometric assessment.

Hearing loss prevalence will be calculated by commu-
nity separately for year 1 and year 2 of screening. Effect 
of the intervention on changes in hearing loss prevalence 
between the two time-points will be assessed using GEE 
models incorporating a time by intervention interaction 
term, other appropriate covariates and a correlation struc-
ture reflecting both community clustering and temporal 
correlations using all available data. Robust estimation 
will be used for inferences on the marginal effects.

HEAR-QL will be compared between children with 
hearing loss and their normal-hearing peers. Effect of the 
intervention on trajectory of HEAR-QL scores over time 
between arms will be assessed using mixed effects models 
that properly account for temporal correlation and clus-
tering by communities. To the extent possible, we will 
correlate HEAR-QL outcome with ear and hearing diag-
nosis, AIMSweb math and reading scores and other rele-
vant outcomes to evaluate validity of this tool for Alaska 
Native populations.

AIMSweb math and reading scores will be compared 
between children with hearing loss and their normal-
hearing peers. Effect of the intervention on trajectory of 
AIMSweb scores over time between arms will be assessed 
using mixed effects models that properly account for 
temporal correlation and clustering by communities.
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Heterogeneity of treatment effects
In this rural Alaska population that experiences such 
high prevalence of middle ear disease, it is possible 
that previous hearing loss diagnosis and treatment may 
influence efficacy of the intervention. We have defined 
an ear/hearing condition under active management 
as an audiology or ENT encounter within 3 months of 
the date of screening or a child wearing a hearing aid 
on screening day. Previously managed conditions are 
defined as an audiology or ENT encounter >3 months 
prior to screening day. We will evaluate for possible 
heterogeneity of treatment effect (HTE) by analysing 
outcomes separately for children with new/previously 
undiagnosed conditions, actively managed conditions 
and previously managed conditions. The qualitative 
interviews described in the companion protocol will 
be essential for fully understanding the impact of 
prior diagnoses on families’ response to follow-up for 
hearing screening referrals.

Aside from previous hearing loss diagnosis, the other 
main subgroup analysis for exploring HTE will be native 
versus non-native subgroups. We will also explore for 
potential HTEs by SES variables such as age, gender, 
caretaker education and environment. We have no 
other planned subgroup analyses, as the intervention is 
intended to be applied at the community level and not to 
individual subpopulations.

If any potential HTE was found, a formal statistical 
comparison testing treatment group by subgroup inter-
action through statistical modelling will be carried out to 
confirm statistical significance of such HTE. Subgroup 
treatment effects and corresponding 95% CI will be esti-
mated. We will also carefully examine subgroup charac-
teristics for differences that may be related to such HTE 
as part of a hypothesis-generating exercise. We will inter-
pret any potential HTE finding cautiously, including 
reporting the number of post hoc analyses conducted to 
arrive at such a finding.

data and safety monitoring
An independent Data Safety Monitoring Board (DSMB) 
will review interim data from year 1 in month 20 of the 
36-month study to allow for a minimum of 5-months 
follow-up for the children enrolled in the spring of year 
1 of screening. The DSMB will be independent of the 
sponsor and have no competing interests in the study. The 
board will report to the PIs. Composition of the board will 
include a statistician and experts in clinical trials, hearing 
loss and Alaska child health. Because this is a minimal 
risk study and year 1 data will not be available for interim 
analysis until after year 2 data collection has begun, no 
stopping rules will be formulated.

The PIs will be responsible for ensuring participant 
safety and management of all data. As a minimal risk 
study, no serious adverse events are anticipated. Adverse 
events, such as unexpected physical harm to a child 
during the screening process (eg, a rare case of tympanic 
membrane perforation from a probe) or breach of data 

security policies will be reported directly to the PIs, who 
will be responsible for reporting to the IRBs of Alaska 
Area, Norton Sound and Duke, as appropriate. The study 
leadership team will meet weekly via teleconference to 
review study progress, data quality and participants’ safety.

EthICs And dIssEMInAtIon
research ethics approval
The trial protocol has been reviewed and approved by 
the following Institutional Review Boards: Alaska Area, 
Norton Sound, and Duke University. Any protocol 
amendments will be approved by participating IRBs and 
documented on  ClinicalTrials. gov.

Access to data
In the spirit of supporting implementation across the 
state, all information on the content of the mHealth 
screening protocol and telemedicine referral process 
will be made publicly available to other regional health-
care systems in Alaska and organisations interested in 
implementing study findings in their region. A HIPPA 
compliant, de-identified dataset may be made available 
on reasonable written request, with necessary approvals 
and possible execution of a formal data use agreement, 
if appropriate.

dissemination plan
Study results will be distributed in multiple ways that 
highlight equal emphasis on scientific and community 
dissemination. The trial has been registered on  clinical-
trials. gov (NCT03309553), and results will be submitted 
to the database within 1 year of completion. Results will 
be published in peer-reviewed journals and presented 
at academic conferences. We will follow the Consoli-
dated Standards of Reporting Trials 2010 guidelines for 
reporting parallel group randomised trials in publica-
tions related to this study. Sharing results and updates 
about the project in real time with Alaska communi-
ties is similarly a priority for our study team and will be 
spearheaded by our communications outreach specialist. 
Results will be disseminated in tribal-related conferences 
and through other sources that are specific to the cultural 
environment of Alaska.

limitations
There are several study limitations that should be 
mentioned. Due to the nature of the intervention as a 
referral process, it is impossible to mask children and 
parents to allocation after the school screening day, but 
masking will be maintained through the screening. Study 
team members performing outcome assessments will be 
masked to referral allocation. Team members performing 
data collection will be masked to the results of each 
hearing screen and audiometric evaluation.

Screening and referral interventions are by nature 
meant to be applied to the community as a whole, so the 
cluster randomised design is a logical choice. However, a 
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cluster randomised trial has lower statistical power and 
precision than an individually randomised trial with the 
same number of individual participants and has to address 
typical challenges such as selection bias, imbalance 
between study arms and generalisability accompanying 
a cluster randomised design. Based on preliminary data, 
we expect a sizeable intervention effect on the primary 
outcome, which we will have ample statistical power to 
detect with our proposed sample size. We plan to rigor-
ously collect key variables associated with study outcomes 
so we can address potential imbalances between study 
arms due to cluster randomisation or potential selection 
bias due to selected participation. We can use a statis-
tical approach to evaluate generalisability of intervention 
effects based on characteristics of our trial sample and 
the characteristics of the target population to which the 
results are to be generalised.

We have hypothesised that prevalence of hearing loss 
will decrease in communities randomised to telemedi-
cine referral due to expedited treatment. This is based 
on the assumption that infection-mediated aetiologies 
of hearing loss, such as chronic otitis media, are the 
predominant factors influencing hearing loss prevalence 
in participating communities. It is possible, however, that 
prevalence of hearing loss will actually increase in partic-
ipating communities due to enhanced diagnosis from 
the mHealth screening and audiometric assessments 
conducted on screening day across the study population. 
It is therefore important to have rigorous data collection 
during the second school year to evaluate the potential 
impact on hearing loss compared with year 1 data.

Our hearing-related quality of life and school perfor-
mance outcomes are only available in select age groups, 
with HEAR-QL validated in age 7 years and older and 
AIMSweb administered in kindergarten to eighth grade. 
We are nevertheless including all age groups in the study, 
as the intention is to maintain a real-world environment 
where all children are eligibile to participate.

There is potential for substantial crossover between 
study arms for several reasons. This region of Alaska was 
selected for the study in part because of its consistent use 
of telemedicine. This also means that telemedicine will 
be available to CHAs in both study arms and can be used 
at their discretion even in control communities, just as 
standard practice has been in these communities prior 
to study initiation. Because we have spent approximately 
6 months hosting community events and focus groups and 
raising awareness about childhood hearing loss through 
media outreach in participating communities, we may 
influence behaviour of parents, children, educators and 
CHAs. We will monitor the use of telemedicine in all 
communities to better understand how behaviour has 
changed as a result of the study. Regardless of crossover, 
data will be analysed with an intention-to-treat approach.

Potential contributions of this study
Early identification and treatment is essential for mini-
mising impact of childhood hearing loss, which has 

known effects on language development, school achieve-
ment, future employment opportunities and quality of 
life.1–9 49 50 Early identification and treatment are particu-
larly challenging in remote environments, where hearing 
loss prevalence is high and access to ear and hearing care 
is traditionally limited.

This study will provide the first empirical evidence on 
the effectiveness of current school screening programmes 
in the state of Alaska and represents a unique oppor-
tunity to evaluate a new school screening protocol that 
uses mHealth-based screening tools and telemedicine 
referral in a remote region of Alaska where telemedicine 
has already been standard practice for triage of health 
concerns for over 15 years. A strength of this study is that 
the intervention was developed with Alaska stakeholder 
and community input, including parents, teachers, 
administrators, CHAs, children and community leaders, 
to ensure that it represents a culturally relevant solution 
to address undiagnosed childhood hearing loss in Alaska 
Native communities. The intervention purposefully 
builds on processes already in place in the Alaska school 
and healthcare systems to increase scalability within the 
state. Based on results of the trial, an evidence-based 
screening protocol could be implemented in a stan-
dardised fashion statewide, addressing childhood hearing 
loss across Alaska.

In addition to its role in Alaska, the concept of 
mHealth-based hearing screening with telemedicine 
referral is broadly applicable outside the state to address 
barriers to early identification and treatment in remote 
environments. While aspects of this screening interven-
tion are designed specifically for the Alaskan context, 
the combination of mHealth screening and telemedi-
cine referral could be replicated to address childhood 
hearing loss disparities in other remote regions of the 
world.
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