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Abstract

Objectives: Mobile applications (apps) are multiplying in laryngology, with little standardization
of content, functionality, or accessibility. The purpose of this study is to evaluate the quality,
functionality, health literacy, readability, accessibility and inclusivity of laryngology mobile
applications.

Methods: Of the 3,230 apps identified from the Apple and Google Play stores, 28 patient-facing
apps met inclusion criteria. Apps were evaluated using validated scales assessing quality and
functionality: the Mobile App Rating Scale (MARS) and Institute for Healthcare Informatics
App Functionality Scale. The CDC Clear Communication Index, Institute of Medicine Strategies
for Creating Health Literate Mobile Applications, and Patient Education Materials Assessment
Tool (PEMAT) were used to evaluate apps health literacy level. Readability was assessed using
established readability formulas. Apps were evaluated for language, accessibility features and
representation of a diverse population.

Results: Twenty-six apps (92%) had adequate quality (MARS score >3). The mean PEMAT
score was 89% for actionability and 86% for understandability. On average apps utilized 25/33
health literate strategies. Twenty-two apps (79%) did not pass the CDC index threshold of 90% for
health literacy. Twenty-four app descriptions (86%) were above an 8t grade reading level. Only

4 apps (14%) showed diverse representation, 3 (11%) had non-English language functions, and 2
(7%) offered subtitles. Inter-rater reliability for MARS was adequate (CA-1CC=0.715).

Conclusion: While most apps scored well in quality and functionality, many laryngology apps
did not meet standards for health literacy. Most apps were written at a reading level above the
national average, lacked accessibility features and did not represent diverse populations.
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Lay Summary

While the quality and functionality of most laryngology apps were found to be acceptable, the vast
majority of apps did not meet recommended standards of health literacy or provide accessibility
and inclusivity features. This likely reflects the lack of regulation of health apps.
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Introduction

Mobile health application (mHealth or health app) development and use have skyrocketed
over the past few years, holding the promise for more accessible and affordable care for

all in the setting of limited healthcare resources.! As of 2021, over 350,000 health apps
were available for consumer use, with over 10 billion downloads. 2 mHealth can contribute
greatly to patient care, providing relatively low-cost disease management, education, and
communication with providers.3 However, mHealth, like other informatics interventions,
can also produce intervention-generated inequalities by disproportionately benefiting more
advantaged people.*

Though numerous guidelines exist for health information communication, few are dedicated
to digital health technology, and there is currently little guidance for health literacy and
readability of mHealth®. Yet, limited health literacy is a major barrier for health providers
and patients to achieve shared understanding in multiple domains, including reading,
writing, listening, speaking and interpreting numerical values.® Low health literacy leads

to detrimental health outcomes, such as delayed care’, poor adherence to medication,
productive communication with providers and limited self-efficacy in disease management.
6.8 In the social sciences literature, low health literacy is viewed as an explanatory

factor connecting social disadvantage, health outcomes, and health disparities.>19 Since

the 1990s, health literacy has been used to describe an individual’s ability to find health
information, interpret it and apply it to health-related decisions.19 Recently, however, the
US Department of Health and Human Services has proposed to redefine the term to place
the responsibility on society and organizations to provide accessible and comprehensible
information. Readability, in contrast to literacy, is a narrower concept and refers to the
reading comprehension grade-level required by an individual to correctly understand and
engage with written material.11 The average American patient reads at an 8t grade reading
level, with 20% of Americans reading at a 51" grade reading level.12 Despite the National
Institute of Health and American Medical Association recommendations314 to write health
content at a 51" grade — 7t grade reading level, the majority of mHealth content does not
match these criteria,15-18

Accessible technology is traditionally defined as “technology that can be utilized effectively
by people with disabilities, at the time they want to utilize the technology, without any
modifications”.19-20 Accessibility issues with regards to technology may also arise due

to socioeconomic, racial and cultural circumstances, in the form of literacy, language,

Laryngoscope. Author manuscript; available in PMC 2024 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Eseosa et al.

Page 3

and/or infrastructure barriers for those without disabilities. Such digital exclusion affects
those who are in poor or less integrated communities, with less access to information and
communication technologies.?! Inclusivity is usually defined with respect to an institution
or organization, as the intentional effort to ensure that diverse people with different
identities are able to fully participate in all aspects of the work of an organization,

including leadership positions and decision-making processes.?2 In digital media, inclusivity
may be manifested by graphical representations of a diverse population and by language
that is acceptable and engaging for people of different genders, racial and ethnic,

cultural, and socioeconomic groups. Even when health apps contain evidence-based and
comprehensive health information, they remain ineffective when they do not provide
accessible and inclusive contents. The medical informatics literature has an increasing
number of publications on the importance of making digital material accessible and usable
by diverse users.1>16 Inclusivity considerations also include image representation of diverse
populations, content availability in languages other than English, and accommaodations for
those with disabilities, such as hearing or voice impairments.

In Otolaryngology - Head and Neck Surgery (OHNS), there are currently are over 1000
mobile applications spanning most subspecialties.38 Despite this large number, there are
fewer than 200 clinical studies of these apps, and among those, only 33 focused on their
validation.38:3% When reviewing the study quality of the validated apps, there was only 84%
adherence to the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines, suggesting that the published studies had incomplete, or inadequate
reporting.38 Furthermore, the content of OHNS apps scored inconsistently in quality grading
on the Mobile App Rating Scale (MARS) and the majority did not involve otolaryngologists
in content creation.38:40-42 To date, only one study in the English Literature evaluated

the quality of a subset of mobile apps in OHNS. This prior systematic review of OHNS
mHealth only graded the 10 apps with most reviews for each subspecialty, offering a partial
quality survey. No prior investigation has examined OHNS mHealth for health literacy,
accessibility, and inclusivity. Only mHealth for GERD management have been reviewed for
readability by otolaryngologists, with none of the apps specifically targeting management of
OHNS-specific disorders, such as laryngopharyngeal reflux.18

In light of the rapid expansion of mHealth, it is high time for otolaryngologists to study
mHealth in their discipline and advocate for improved quality, evidence-base, accessibility
and inclusivity standards of these apps to optimize patients’ outcomes in an equitable
fashion. We hypothesize that the majority of mHealth in otolaryngology does not meet

the recommended guidelines for communicating health information. We also suspect that
the quality, including functionality and accessibility features in mobile apps is limited,

and most apps do not show a diverse representation of the population. This study aims to
provide a landscape of mobile apps in laryngology, providing an assessment of quality and
functionality, health literacy, accessibility, readability and inclusivity.
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Materials and Methods

Systematic Search and Screening of Available Applications

A systematic review of mHealth apps was conducted in accordance with the Primary
Reporting Items for Systematic Reviews and Meta Analysis (PRISMA) Guidelines. 47
AppAGG (a mobile application metadata resource) was used to identify laryngology
applications in the US Apple and GooglePlay app stores between June 2021 and March
2022. These stores were selected due to their comprehensive data of both iOS and

Android devices. A set of search terms (Appendix 1) were developed, based on a

previous study,38 and expert input from the senior author, a laryngologist, and two
academic speech pathologists, and used to identify eligible apps related to voice, dysphagia,
gastroesophageal reflux disease, airway and cough care management. We further refined the
list of terms in collaboration with our multidisciplinary team, including a laryngologist,

a voice speech pathologist and a dysphagia speech pathologist. Our team had weekly
multidisciplinary meetings to review the screening process and included and excluded apps.
Notably, the term “voice” was excluded due to the extensive number of apps unrelated to
laryngology associated with that term. “Shortness of breath” pulled five apps only relevant
to pulmonology, leading us to exclude it from our initial search. No app were found with the
search term “subglottic stenosis”.

Apps underwent two rounds of screening, after removal of duplicate records. First, the
title, descriptions, and screenshots of the app interface were used to assess relevance.
Apps were also excluded if they were games, provider-facing, unavailable in English, or
designed for children (under the age of 18). Voice training apps for singers were excluded,
reflecting laryngology practice, in which voice coaching for performers is not standard of
care. Additionally, Augmentative and Alternative Communication (AAC) apps were not
considered clinically relevant within laryngology, as they are geared to individuals with
speech disorders, distinct from voice disorders. Second, two speech language pathologists
and a laryngologist evaluated apps for their content, ensuring relevance for clinical care in
laryngology. Discrepancies were resolved as a group.

Evaluation Measures

An online survey was generated using Google forms (2022; Mountain View, CA) and
distributed to raters for the evaluation of each app. The survey consisted of 103 items, which
included questions from five scales: 1) the Mobile App Rating Scale (MARS)#2, 2) the
Intercontinental Medical Statistics (IMS) Institute for Healthcare Informatics Functionality
scores*8, 3) the Centers for Disease Control (CDC) Modified Clear Communication
Index*?, 4) the Institute of Medicine (loM) Strategies for Creating Health Literate mHealth
Applications®0, and 5) the Patient Education Materials Assessment Tool (PEMAT).5!
Additional questions were added to assess representation of diverse populations, availability
of non-English language, and presence of accessibility features, such as subtitles. Inclusivity
was assessed with three items, based on prior recommendations in the literature2: 1) Does
the app show a representation of diverse populations (race and ethnicity, and gender)? 2)

Is the app available in non-English languages? 3) Is the app accessible to patients with
disabilities (such as hearing or voice impairment)? Each item was coded as yes=1 or no=0.
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Health apps characteristics such as App store star rating and number of reviews were also
recorded.

MARS is a validated and widely used tool for assessing the quality of mobile health
apps.*2 MARS includes Likert scale questions on categories of engagement, functionality,
aesthetics, and information quality. In addition to MARS, we used the IMS Institute for
Healthcare Informatics Functionality Score to assess app functionality,8 which relies on 7
dimensions: inform, instruct, record (divided into: collect data, share data, evaluate data,
intervene) display, guide, remind/alert, and communicate.* One point is assigned to each
function for a total potential score of 11 when all functionalities are offered.

Health literacy was assessed using the Modified Centers for Disease Control and Prevention
Clear Communication Index.*® While the original index was designed for printed material,
the modified index was intended for short forms and oral communications, and was
explicitly created to be applicable to digital media, such as social media posts. This
evidence-based tool contains 20 items in 7 categories, scored on a scale of 0 to 100

with 90 as the passing score: Main Message and Call to Action, Language, Information
Design, State of the Science, Behavioral Recommendations, Numbers, and Risk. Another
health app-specific literacy assessment guide was used to complement the CDC index: the
Institute of Medicine (loM) Strategies for Creating Health Literate mHealth Applications.
The oM Strategies were designed as a part of a Roundtable on Health Literacy in 2014

and encompass six overarching strategies adapted from evidence for health literate websites:
Learn About Your Users, Write Actionable Content, Display Content Clearly, Organize and
Simplify, Engage Users, Evaluate and Revise Your Site. While these strategies do not have
a scoring system, they have previously been used to evaluate health literacy of apps in
diabetes management>3 and breast cancer® with a simple yes/no coding (yes=1 and no=0).
To complete the literacy assessment, we used the Patient Education Materials Assessment
Tool (PEMAT), a systematic method developed by the Agency for Healthcare Research and
Quality to examine the understandability and actionability of audio-visual materials.>! The
PEMAT has 17 items with 13 items assessing understandability score and 4 items assessing
actionability.

All app store descriptions were downloaded and evaluated using five readability formulas
on the website “Readable.io”®®: 1) Flesch-Kincaid Reading Level, Flesch-Kincaid Reading
Ease®®, 2) The Gunning-Fog Index,5” 3) Coleman-Liau Index,>® 4) SMOG Index,>® and

5) New Dale-Chall 89, Readability formulas can vary in purpose and calculation, focusing
on different elements of the text, such as number of letters or syllables, sentence length,
complexity-syntax patterns and others.81 There is no gold standard, and it is common
practice to evaluate written materials using multiple scales.

Data Extraction Procedures and Analysis

In an effort to reach agreement on the use of app assessment tools, the team of raters read
the CDC Clear Communication Index and PEMAT User manuals. All authors reviewed the
first two apps together to reduce bias in the rating process and improve consistency. The
remaining apps were reviewed independently by two raters. All ratings were entered into

a spreadsheet using Google Sheets (2022; Mountain View, CA), where analysis was also
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performed. Descriptive statistics and correlation analysis were performed to evaluate the
app ratings and compare each scale rating with app characteristics, such as the star rating
and number of reviews in the App Store. An intraclass correlation score (CA-ICC) was
calculated to establish interrater reliability for all scales. Upon evaluation of all apps, raters
discussed any discrepancies in ratings of the functionality assessment to ensure consistency
across features of the apps. Raters came to a consensus for the Institute of Medicine
Strategies for creating Health Literate mHealth Applications and the IMS Institute for
Healthcare Informatics Functionality scales.

Our search queries identified a total of 3,230 potentially relevant applications, of which

a total of 28 met the inclusion criteria for analysis. The PRISMA flow diagram (Figure

1) shows an overview of the screening process and the categories for exclusion criteria.
Table 1 summarizes the final list of the included applications, their characteristics, and

scale ratings. Twenty-seven (96%) mobile applications were available on the Apple Store,
20 (71%) were available in both Apple and Google stores, and one application (4%) was
exclusively available in the Google Play store. A total of 24 (86%) apps were available for
free, 9 (32%) offered a free trial or subscription, and 4 (14%) needed to be purchased with
prices ranging from $2.99 to $4.99. There were five apps in the category of gastroesophageal
reflux disease, one in tracheostomy care, two in cough, eleven apps in voice therapy and
nine apps in swallow therapy. The average star rating of the laryngology mobile applications
in the mobile App store was 3.628 out of 5. Mobile applications had an average of 99 ratings
on the app store, with a median of 6 ratings. The most recent app update ranged from 2016
to early 2022, with nine (32%) of the apps not having been updated in more than two years.
The interrater reliability coefficient ranged from poor (PEMAT Understandability=0.33)

to excellent (PEMAT Actionability=0.798). Raters had a good interrater reliability for the
ratings using the MARS scale (ICC=0.715) and fair for the CDC Index (ICC=0.434).

Quality and Functionality

The overall mean MARS quality score for all applications was 3.78/5, ranging from 2.7
(GERD Tools) to 4.46 (Astound-Voice and Speech Coach). The mean MARS score for

the categories of Engagement, Functionality, Aesthetics, and Information were 3.50, 4.09,
3.82, and 3.72 respectively. Of note, few apps (14%, n=4) offered options of customization,
with only one offering complete tailoring to individual preferences. Less than half of the
apps (43%, n=12) had an affiliation with an academic center, and only five (18%) had been
evaluated in a clinical trial. Scores on the IMS Institute for Healthcare Informatics App
Functionality Scale had a mean score of 4.6, ranging from 1 to 9, with no app including

all 11 recommended functions. Of the 28 apps, 24 (86%) provided information using a
variety of formats, 21 (75%) had an ability to capture user-entered data, 18 (64%) displayed
user-entered data, 11 (39%) provided reminders, 7 (25%) allowed for communication with
providers, 6 (21%) allowed for transmission of health data, and 4 (14%) provided guidance
like a diagnosis, or recommendation based on user-entered data. None of the apps had an
option to intervene using alerts based on the data entered. A Spearman rank correlation
showed that the MARS and the Institute for Healthcare Informatics Functionality score
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had a very weak correlation with a higher star rating, with a coefficient of 0.31 and 0.33,
respectively, indicating that apps with higher functionalities might be rated higher in the app
store.

Health Literacy

Readability

The mean CDC Clear Communication Index was 76%, with only six apps (21%) reaching
the passing score of 90%. The mobile applications with the lowest scores did not include a
clear mission statement at the beginning of the material, explain what authoritative sources,
such as subject matter experts know and don’t know about the topic, or provide a summary
of the information. The oM scores ranged from 15 to 30, with an average of 26 out of

33 recommended strategies in apps. Only 39% (n=11) of the apps included simple search
and browse options, 28% (n=8) included integration with email, calendar, or other phone
apps. No apps included a link to social media, the option of text messaging within the app,
accessibility features for people with disabilities, or printable tools and resources. The mean
PEMAT actionability score was 89% and mean PEMAT understandability score was 86%.
While most apps followed the PEMAT guidelines, only two of the apps used tables with
clear headings to present material and only three explained how to use charts, graphs, tables,
or diagrams to take actions.

App descriptions from the Apple store were assessed for readability (Table 2). The average
US-grade reading level of the app description was 11th using the Flesch-Kincaid Reading
Level, and 13th using the Gunning Fox Index and Coleman-Liao Index, all much higher
than the recommended 8t grade level. Similarly, the SMOG index was 12.6, representing
that 12.6 years of education are needed to understand the text. Only four apps descriptions
(14%) were written below an 8th grade reading level. The mean Flesch Reading Ease score
was 44.7, which is classified as difficult to read. Additional analysis showed that all of

the readability scales had a very weak negative correlation with the number of reviews
(Spearman Rank Coefficients: Flesh: —0.39, Gunning: —0.38, Coleman: —0.34, SMOG:
-0.42, New Dale: —0.37), indicating that app descriptions written in a lower reading level, or
easier-to-understand text were associated with higher rated apps.

Accessibility and Inclusivity

Only three apps (11%) had a non-English language function (Estill Exercises, Emation
Food Company and TRACHTOOLS). Three apps (11%) included Spanish, two apps (7%)
included French and German, while one app (4%) also included German and Russian.
Four apps (14%) provided a diverse representation of populations (Loud and Clear,
Vocular, Breather Coach, GERDhelp). Finally, only two apps (7%), Dysphagia Training
and TRACHTOOLS, included subtitles, with no other accessibility features recorded.

Discussion

In this systematic review, we identified and evaluated consumer mHealth in laryngology,
focusing on quality, functionality, literacy, readability, accessibility and inclusivity. While
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mHealth has the potential to provide accessible and affordable healthcare, our findings show
that there are big limitations in the design of these apps, which may foster disparities in care.

While most apps scored well on measures of quality (MARS>3/5), the majority did not
allow for advanced customization within the app, and few had an academic affiliation or
clinical trial evaluation. These findings are consistent with an earlier review of a sample of
OHNS apps, which highlighted the discrepancy between the large number of apps and low
corresponding published research studies, and limited collaboration between app developers
and healthcare professionals.38:40 Furthermore, this previous study emphasized that a higher
MARS score did not always equate higher app efficiency. To gain better understanding of
this finding, we used the Institute for Healthcare Informatics Functionality score to evaluate
apps functionality in more detail. The functionality ratings showed that even though three
quarters of the apps collected data, only 21% (n=6) allowed for communication with a
provider and just 14% (n=4) provided guidance based on the entered data. As a result,
though laryngology apps have good functionality and data collection capabilities, patients
may be burdened with interpreting the data on their own or with limited guidance of
questionable medical validity.

In the last decade, there have been growing efforts in improving communication guidelines
and adapting systems approaches to addressing health literacy.49:62-64 These resources are
based on the understanding that health literacy is not only a patient-level phenomenon.85-68
Instead, healthcare institutions are advised to implement a systems approach to addressing
health literacy, placing a large emphasis on the design of information systems.59

However, most mHealth is not developed in collaboration with healthcare professionals,

or communication experts, raising concerns surrounding apps health literacy. We used
readability scales to assess app store descriptions and health literacy scales to evaluate

the content of laryngology mHealth. All readability formulas found app descriptions to be
at a higher reading level than that of the average American. App content scored poorly

on measures of health literacy, with only six of the apps passing the CDC index score of
90%, indicating that laryngology apps content is not adequately formulated and presented
for a broad population. The PEMAT scores indicate that the apps are more actionable

than understandable, meaning that while users can identify action steps to take, they do

not necessarily understand the education materials to the same extent. Interestingly, loM
scale ratings highlighted that over 60% of the apps did not include any search and browse
options, such that if users did have questions about app content, answers would not be easily
accessible via internet browsing within the app. This was also identified as a concern in the
early use of patient portals.”? To mitigate this issue, the Institute for Family Health, National
Library of Medicine, and Epic Systems, developed MedlinePlus, which integrated a look-up
system within the electronic portals for patients to search medical terms without having to
use an external engine.’ Despite studies showing that this feature increases patients’ health
literacy,59 such a feature is mostly missing in laryngology mHealth. This may limit users’
understanding of app content and their ability to make informed health decisions.

The 1oM scale highlighted the lack of accessibility features, further confirmed by our
accessibility evaluation. Of the 28 apps, only three (11%) provided an option for an
additional language. This does not align well with the large need of nearly 9% of the
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U.S. population who cannot effectively communicate in English and are said to have limited
English proficiency (LEP),”2 nor does it meet the regulatory requirements of Title V1,73
requiring health systems and clinicians to provide equal treatment to LEP speakers. Equal
access to information is also pertinent for people with disabilities. Only two (7%) of

the apps in our review included subtitles, which might be used by those with impaired
hearing. OHNS patients are more likely to have hearing or voice impairment, which may
limit their ability to use interactive features of health apps, unless subtitles are available

or voice-recognition technology is adapted to those with voice and speech disabilities.”
Such adaptations are now recognized among technology companies, as seen with Google’s
Euphonia project, which focuses on making voice-recognition technology inclusive of
those with voice and speech impairments. Finally, representation of diverse populations
was markedly limited across laryngology apps, with only four apps including images of
racial and ethnic, and gender minorities. This is concerning given the growing recognition
that image representation of diversity may promote use of and adherence to digital health
resources. For example, prior studies have found that black patients are more likely to
observe culturally appropriate health information. 7577

Our study identified major gaps in the design of laryngology apps. While we used
standardized tools, a limitation of this project includes the subjectivity of some of the
rating scales. To best mitigate bias, the raters underwent training with the assessment

tools and came to a consensus on any items they disagreed on. Furthermore, due to the
lack of a validated health literacy scale specific to mHealth, scales such as the CDC

Clear Communication Index, Institute of Medicine strategies for Designing Health Literate
Applications, and PEMAT tools were used as proxy scales. In contrast with the low CDC
index scores, the mean PEMAT scores for understandability and actionability were high

at 86% and 89% respectively, though there are no defined passing scores for PEMAT.

One possibility for the discrepancy between the CDC and PEMAT scores is the large
number of “not applicable” answer options in the PEMAT scales, resulting in a higher
rating. While literacy of the mobile app content was evaluated using the CDC and PEMAT
scales, readability formulas were only applied to the app store descriptions and not the

app content. Another limitation is the lack of guidelines in otolaryngology and/or speech
language pathology for the development of digital health tools, making it difficult to assess
whether apps achieved acceptable standards of care. A similar challenge was evaluating
the accuracy and evidence-base of the information presented in the apps. In this study we
used the MARS scale, the standard tool on evaluating mobile app quality, which includes
a section on information quality, but does not capture an assessment of accuracy and
evidence-base of all presented information. Additionally, while our search strategy was
based on a previously published search term and furthered refined in collaboration with
speech language pathologists and a laryngologist, it is possible that patients are using
different search terms to find apps. Finally, the raters in this study are not patients or users,
and there may be some bias in describing the patient, or user experience with these apps. In
order to adequately evaluate the health literacy, accessibility and inclusivity of health apps,
it would be critical to engage with target users in the future. Partnering with stakeholder
groups of clinicians and patients, who can share their expertise and lived experiences can
provide important insights in future studies.
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Health apps in laryngology will only continue to multiply, with many patients turning

to them for management of their voice, swallowing and airway concerns. The current

lack of guidelines for mHealth design is important to address in OHNS and beyond.

Prior OHNS authors have raised similar concerns regarding the lack of guidelines, and
have recommended the creation of an editorial “App Board” to validate app quality.38:40
We suggest that essential components of patient-centered care, such as health literacy,
readability, accessibility and inclusivity are also included in the development of such
guidelines or validation process. The paucity of health literate and accessible mHealth

not only burdens patients, but also puts them at risk. While mHealth developers should
ideally create digital platforms that can be accessed and used by all, in the absence of
enforceable standards, it is critical that healthcare providers advocate for safe and equitable
paths to digital technologies expansion in their disciplines. This requires increased efforts
of engagement with developers, interdisciplinary research to systematically evaluate newly
developed apps and concerted efforts towards the development of equity-driven mHealth
guidelines.

Conclusion

While the quality and functionality of most laryngology apps were found to be acceptable,
the vast majority of apps did not meet recommended standards of health literacy or

provide accessibility and inclusivity features. This likely reflects the lack of regulation and
guidelines for the development of mHealth, and can be ultimately harmful to vulnerable
patient populations. Healthcare providers ought to work with mHealth developers to ensure
equitable access to the digital environment, so that all patients are able to engage with these
resources.
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