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ABSTRACT

Patient care in the allergy and respiratory fields is advancing rapidly, offering the possibility of the
inclusion of a variety of digital tools that aim to improve outcomes of care. Impaired access to
several health care facilities during the COVID-19 pandemic has considerably increased the
appetite and need for the inclusion of e-health tools amongst end-users. Consequently, a multi-
tude of different e-health tools have been launched worldwide with various registration and access
options, and with a wide range of offered benefits. From the perspective of both patients and
healthcare providers (HCPs), as well as from a legal and device-related perspective, several fea-
tures are important for the acceptance, effectiveness,and long-term use of e-health tools. Patients
and physicians have different needs and expectations of how digital tools might be of help in the
care pathway. There is a need for standardization by defining quality assurance criteria. Therefore,
the Upper Airway Diseases Committee of the World Allergy Organization (WAO) has taken the
initiative to define and propose criteria for quality, appeal, and applicability of e-health tools in the
allergy and respiratory care fields from a patient, clinician, and academic perspective with the
ultimate aim to improve patient health and outcomes of care.

Keywords: E-health, Allergy, Rhinitis, Asthma, Chronic rhinosinusitis, Digital tools, Mobile
application, App, Quality criteria, Standardization

INTRODUCTION

Allergies and chronic respiratory conditions like
asthma and rhinosinusitis have reached epidemic

proportions, underscoring the need for prevention,
adequate diagnosis, and timely treatment. Asthma
affects between 1 and 18% of the world's popula-
tion, varying widely from one country to another.”
The prevalence of allergic rhinitis (AR) is 10-40%.2
Chronic rhinosinusitis (CRS) affects 5.5-28% of the
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general population.® A significant percentage of
patients, suffering from these respiratory diseases,
remains uncontrolled despite available therapy
and international guidelines of care. The high
incidence of uncontrolled disease forces the health
community to improve existing care pathways and
consider embracing novel strategies for better
patient care, including e-health tools.
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Applications (Apps) for smartphones and tablets
have become part of daily practice in different
domains of healthcare and can bring value for
healthcare improvement.* Mobile health tools have
become popular in the area of chronic conditions
like diabetes mellitus,®® cardiovascular
disease,”®? and neurologic disorders."®'" They
have a variety of benefits such as access to
information on the disease, help in its assessment,
support to define adequate treatment, and follow-
up with monitoring of symptoms. All this while
minimizing the barriers of time and distance,
resulting in cost-effectiveness and lifetime health
gain for patients and society, and enhancing
personalized follow-up.'?"*1415.1¢ For healthcare
providers (HCPs) and the healthcare system, e-
health tools can help to evaluate and monitor the
evolution of symptoms and medication use, and
anticipate areas for improvement.'%7.18.19

E-health tools designed for respiratory care are
defined in this paper as medical mobile applica-
tions providing patient education, information,
and feedback with the target to improve the
overall burden of disease for patients suffering
from allergies or chronic respiratory conditions.
They should be available on a global platform for
app distribution. In this document e-health tools
are interchangeably phrased as mobile health ap-
plications or digital tools.?®

In allergy and respiratory care many e-health
tools are available, although with limited accep-
tance in healthcare systems and restricted imple-
mentation in daily practice. In everyday life, the
assistance of e-health tools is still call upon too
little.2"2223-25 |, the fields of allergy and chronic
respiratory diseases, e-health tools can, however,
play a supporting role in optimizing outcomes
of care. Patients can be offered educational
materials on their disease and guidance on
effective treatment options. Furthermore they
can receive personalized feedback on the
degree of disease control achieved as well as
the benefits and potential adverse affects of
treatment over time. HCPs might also benefit
from e-health tools but they must be convinced
that these tools provide additional personalized
information on  disease  severity, clinical
outcomes and evolution over time, treatment
schemes followed (including sides-effects), ther-
apy adherence, symptom control, and latest

updates on international guidelines of care. Pa-
tients and HCPs will likely have different needs,
priorities, and motivations to use and rely upon
digital apps with the ultimate goal of improving
the health status of patients.?*

The current landscape with e-health tools for
allergies and chronic respiratory diseases such as
asthma and chronic rhinosinusitis (CRS) s
dispersed, without a uniform appreciation of the
potential benefit or estimated effect on outcomes.
During the COVID-19 pandemic, these shortcom-
ings surfaced even more prominently.?® Therefore,
there is an unmet need to create transparency and
objectivity on the benefits and quality criteria of
currently available e-health applications in this
medical domain.?” At present, no international
consensus on quality standards or criteria for e-
health tools in the areas of asthma, allergic
rhinitis, and chronic rhinosinusitis exists, despite
availability of a multitude of e-health tools. The
Upper Airway Diseases Committee of the World
Allergy Organization (WAQO), constituted of
global experts working in allergy and respiratory
care, joined forces to structure and propose
quality criteria for e-health tools, in order to assist
the stakeholders in their choice for the most
appropriate digital e-guidance tool for a specific
patient, thereby improving patient health and
outcomes of care.

Current challenges of e-health in allergy and
respiratory care

The market of e-health tools for managing res-
piratory allergies and chronic respiratory diseases
is growing. Artificial intelligence (Al) and machine
learning are rapidly evolving fields in various sec-
tors, including healthcare. Al, implemented in
digital tools, could transform physician workflow
and patient care through its applications, from
assisting physicians and replacing administrative
tasks to augmenting medical knowledge.?® At
present no algorithms are validated for allergy
and respiratory disease management. Should
they become available in the future, we expect a
further increase in the multitude of digital tools
available today.

This proliferation is associated with the chal-
lenge for both HCPs and patients of selecting the
right tool. Currently, most end-users of available e-
health tools in medicine fail to use such devices for
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the long term, given the lack of perceived benefit
for both end-user groups.??*? However, gathering
data on critical input and output variables in
allergies and respiratory diseases, including CRS
and asthma, is likely to lead to improved and
more holistic solutions that may reduce their
societal burden.?® The large amount of data
provided by e-health tools, has the capacity to
either overload the HCP with information or
provide the assistance needed to optimize care
by providing relevant and/or personalized
information. High quality e-health tools should
help both patients and physicians fill the gaps in
clinical practice, by enhancing education, disease
awareness, and/or personalized care.®’

In daily practice, there is a certain degree of
resistance to the integration of e-health tools
amongst a portion of physicians and patients. Some
physicians fear that mobile health applications
would challenge their professional judgment, or
worse, provide counter-productive input into the
health process. Providing physicians with a scoring
system for e-health tools, would both assist them in
selecting the most appropriate tool for a specific
patient and help to deter their reluctance to utilize
mobile health tools in clinical practice. Of note, the
WAO Upper Airway Diseases Committee agrees that
the use of e-health tools is not about replacing doc-
tors, or other HCPs, but about empowering both the
patients and HCP with practical, reliable, and
personalized information. Opposition and reluc-
tance are also seen among patients, some of whom
feel more confident in the use of mobile health tools
than others. Socioeconomic status, age, and medical
literacy are factors determining the eagerness of
patients to accept and utilize e-health tools. Addi-
tionally, resistance to the use of mobile health tools
for some patients may relate to their concerns
regarding privacy of medical information.

MATERIALS AND METHODS

The WAO Upper Airway Diseases Committee is
a group of international experts with extensive
clinical experience and relevant publications in the
field of allergy and clinical immunology. During an
online semester meeting in December 2020, a
discourse was set up regarding digital tools in al-
lergy and chronic respiratory care. To find relevant
literature we performed systematic searches. We
searched the following databases: MEDLINE (via

PubMed), Cochrane Central Register of Controlled
Trials (CENTRAL), and Trip database. Search terms
were adapted appropriately to suit each database
structure. The results of our search were collected
until March 2021, with a filter for English language.
In literature scoring systems for the quality of e-
health tools covering all health applications were
available, but limited rating scales in the field of
chronic respiratory diseases were developed. The
quality criteria considered in existing studies were
listed. A meeting with the committee was held on
April 2021, where the proposed quality criteria
were evaluated by the expert panel. After exten-
sive debate some criteria were rejected and others
added. All committee members subsequently
reviewed and suggested changes to the quality
criteria, leading to the current consensus. An
updated list of quality criteria was developed and
renewed after a following round of written feed-
back by the members of the committee.

Presently, there is a scoring system for the quality
of e-health tools covering all health applications, ie,
Mobile Application Rating Scale (MARS).3? It covers
4  objective quality domains: engagement,
functionality, aesthetics, information quality, and 1
subjective quality rating, each of these divided in
subitems to conclude to an 23-item scoring system.
Besides this, an end user version of the MARS
(UMARS), containing 20 quality items, has been
developed. Where the MARS rating scale requires
training and expertise in mHealth in a particular
relevant health field, the uMARS rating scale is a
simplified version that can be reliable used by end-
users without expertise.** The committee members
feel that the existing (U)MARS scoring system is
insufficient to determine the overall quality of an e-
health tool targeting respiratory diseases and that
refinements are needed. Some quality items used
in the (uMARS Rating Scale could be adopted, a
few are irrelevant, and others need further
elaboration; furthermore, there are important
criteria that are missing.

In 2019 a mobile application rating scale in the
field of chronic respiratory diseases was devel-
oped, “the patient empowerment index through
mobile technology”,?° where they focus on quality
criteria important through patient empowerment,
ie, self-monitoring, personalized feedback, and
patient education. While this index focuses on

patient empowerment, it omits other important
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quality criteria we consider important in quality
assessment of mHealth tools in allergy and
respiratory care. In literature, we could not find
other additional rating scales to evaluate digital

tools in the field of allergy and respiratory care.
The co-authoring WAQO Upper Airway Diseases

Committee members here propose a new quality
scoring framework, independent from the existing
scoring tools, but incorporating certain strengths
of those tools.

SIXTEEN QUALITY ASSURANCE CRITERIA
FOR E-HEALTH IN ALLERGY AND
RESPIRATORY CARE

We suggest that the e-health tools quality eval-
uation in allergy and respiratory care can be based

PATIENT

Education on disease, comorbidities,
treatments and correct use of medication

2. Information on trigger factors, such as
allergen exposure and/or air pollution

3. Personalized follow-up (registration of
symptoms and use of medication)

Personalized feedback on disease
" evolution and level of control (with/without
inclusion of biomarkers)

on 16 criteria arbitrarily grouped into 4 domains.
The more criteria an e-health tool fulfills, the more
appealing the e-health tool will be. Fig. 1 illustrates
and summarizes the framework. Thereafter, we will
describe those 16 proposed criteria grouped by
domain.

Domain 1: Patient-related quality criteria

Criterion 1

Education on the disease, comorbidities, treat-
ments, and correct use of medication by providing
correct and relevant information. This information
should match or be aligned with currently avail-
able, unbiased information from academic centers
or qualified organizations and/or international
guidelines and can be offered in different formats,

HEALTHCARE PROVIDERS

S. Information on impact and
progression of disease

6. Information on treatment outcomes
7. Evaluation of comorbidities

8. Validated tools to follow-up disease
evolution and severity

9. Research opportunities (registry and/
or patient recruitment for trials)

10. Updated education {guidelines and/or
pathology)

Quality criteria for e-health in

allergy and respiratory care

LEGAL

1. General Data Protection Regulation
compliance

12. {Local) regulation and registration
compliance

DEVICE

13. User-friendliness and simplicity (for
both patients and healthcare
providers)

14. Development in collaboration with
patients, healthcare providers and
scientists

15. Integration into existing patient
records and/or digital files

16. Regular updates incorporating audit
result

Fig. 1 Sixteen quality assurance criteria for e-Health in allergy and respiratory care. Domain 1: Patient perspective (left-above) - Domain 2:
Healthcare provider perspective (right-above) - Domain 3: Legal perspective (left-beneath) - Domain 4: Device perspective (right-beneath).
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such as written information, demonstration videos,
photographs.

Patient involvement plays an important role in
achieving better disease control.

In the conceptual model of Bravo et al, 3 key
elements of mobile technology that result in better
patient empowerment were assessed,** namely,
patient education, self-monitoring, and personal-
ized feedback. Each of these elements can be
found in 1 of the quality criteria we propose. We
feel it is important in the domain of patient edu-
cation to go a level deeper and propose both
static and dynamic criteria.

Mobile health technologies create more
involved patients by supplying quick access to
practical, easily understandable information on the
disease, comorbidities, and available manage-
ment options.**3%3% We consider this to be static
information. Dynamic information is elaborated in
criterion 2.

Criterion 2

Information on disease trigger factors, such
as allergen exposure and/or air pollution,
coming from officially recognized organizations at
national or regional levels. Allergen exposure and
air pollution, examples of dynamic information, are
important for patients to better schedule their
outdoor activities and plan their medication
intake.®” The ability of e-health tools to adapt to
specific weather or climate conditions, eg,
extreme temperatures, fog, desert storms, and
thunderstorms, is of added wvalue. This
information should be interactive and adapted to
the patient's individual circumstances, eg,
residence, working environment, and outdoor
activities.

Criterion 3

Self-monitoring and personalized follow-up
including registration of symptoms and medica-
tion use, optionally supplemented by automated
reminders on medication intake, might further
improve the level of patient empowerment and
encourage them to have better adherence and
understanding of the therapeutic plan.3%3%14
Symptoms and/or medication use should be
actively registered on a daily, weekly, or monthly
basis by the patient.

Criterion 4

Feedback - by Al - on disease evolution and
level of disease control. Feedback implies better
insight into disease evolution and control level,
which is of key importance in achieving the best
outcomes of care. Feedback on disease evolution
and/or control can be measured via validated
tools, with or without the inclusion of biomarkers.

As Al is further evolving, at present and in future
applications will additionally provide patients with
personalized feedback, improving targeted medi-
cal care. There are e-health tools that use the in-
formation received from smart sensors or
monitoring devices, eg, smartwatches monitoring
blood pressure, heart rate, and oxygen saturation;
the Oura smart ring scoring sleep, activity, and
readiness; scales indicating weight; and spirome-
ters evaluating lung function. The algorithms inte-
grated in the application software of e-health tools
have the capacity to integrate real-life data
captured from devices. Of note, feedback that is
given can be expanded by the use of bio-
markers.*® An example to illustrate the use of
biomarkers for monitoring can be found in “The
MyAirCoach project” developed for asthma
patients. In this system, several parameters can
be monitored, including lung function, the
fraction of exhaled nitric oxide, exhaled breath
temperature, respiratory rate, physical activity,
and heart rate.?’ We believe that the use of
biomarkers will further expand in the future as
additional technology and research become
available.

Domain 2: Healthcare provider quality criteria

In this domain we address health care providers
who can interact, treat, and subsequently support
patients with allergy and respiratory diseases using
mobile applications. These include ear-nose-throat
(ENT) specialists, pharmacists, and nurses, among
others.

Criterion 5

Information on the impact and progression of
disease. E-health tools contribute to better medi-
cal care by providing HCPs data on disease control
and acute exacerbations occurring repeatedly
over a longer period of time. The latter can be
linked to possible root causes, eg, respiratory viral
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events, non-adherence to medications, and
allergen exposure. An additional benefit is triaging
patients who need further investigation or adjust-
ment of therapy.*?

Criterion 6

Information on treatment outcomes could
allow patients to be clustered based on lifestyle
factors, person-related factors, and comorbidities.
Each cluster may have a different response to a
specific treatment. This can lead to more individ-
ualized therapy.

Criterion 7

Evaluation of comorbidities in e-health tools is
of added value to the HCP, as this will likely modify
the management of the patient in question.

Criterion 8

Providing HCP with validated tools to follow
up on symptoms and patients’ quality of life,
thereby generating the ability to closely monitor
the evolution and severity of disease. The inclusion
of validated tools for patient reported outcome
measures in the software of the application, such
as Asthma control test, COPD assessment test, and
visual analog scale (VAS-scale), will provide the
HCP with more detailed information and facilitate
continuous monitoring between in-person visits.

Criterion 9

Providing research opportunities by the reg-
istry and/or patient recruitment for trials. The
multitude of details generated from these e-health
tools will be of great value for additional research
as it provides HCPs with clear and extensive data,
covering patients and disease parameters that can
be reported and included into more extensive
databases. It can also ease the recruitment of pa-
tients for clinical trials.

Criterion 10

Providing HCPs with updated education on
guidelines and/or evolving research on genetics,
pathophysiology, diagnosis, and treatment for in-
dependent continuous self-motivated learning. By
offering quick and easy access to evidence-based
guidelines endorsed by professionally recognized
organization, all HCPs, specialists, and non-
specialists can benefit from these platforms.

Domain 3: Legal perspective

Criterion 11

Compliance with General Data Protection
Regulation (GDPR). Since e-heath tools collect
personal data (from patients, HCPs and/or other
“data subjects”), they will need to comply with the
GDPR or its equivalent in other jurisdictions.
Moreover, the set-up and functioning of such apps
should be fully compliant with the local (privacy)
laws of the country in which they are used, thereby
ensuring the privacy of both patients and HCPs. As
this is a delicate topic, the app developers may
consult “the Code of conduct on privacy protec-
tion for mHealth apps”*® It covers the European
law on security and privacy for e-health tools.
Note that the European data protection regime is
overall much stricter than the regimes in other
continents or countries such as the United States.

Criterion 12

Compliance with (local) regulations and
registration. One should look into the applicable
local registration and certification guidelines and
rules. Since the rise of software as a medical de-
vice, several countries have enacted a myriad of
soft- and hard-law instruments, which seek to
regulate e-health apps and tools.** Competent
government bodies, such as the Department of
Health in the United Kingdom, the Food and
Drug Administration (FDA) in the United States or
the Therapeutic Goods Administration (TGA) in
Australia, have developed codes of conduct,
minimum standards, or other types of guidelines.
In certain jurisdictions, not-for-profit organiza-
tions, such as the Institute for Health Records
(EuroRec) in Europe, have taken up the role as
center of expertise and certification body.

Domain 4: Device perspective

Criterion 13

User-friendliness, focusing on simplicity and
feasible time management for both patients and
HCPs, will lead to the use of e-health tools for a
longer period of time and more widespread use.
Simplicity is crucial, allowing almost all patients to
use the application. The more complicated the
tool, the fewer patients will be reached, and hence
healthcare discrimination and limited and poten-
tially inaccurate data will result. People in modern
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societies are busy and will only keep using the
tools if the considered time of its use is propor-
tional to the benefits. Therefore, limiting the use of
the e-health tools for actively collecting data
on medication intake and symptom control to
once a week seems a good compromise.
Simplicity also represents the universal applica-
bility of the e-health tools, ie, all mobile devices
should be able to run the applications. Availability
in local/national language is an example of user-
friendliness, as tools in foreign languages are not
appealing to end-users.

Criterion 14

Development in collaboration with patients,
healthcare providers and scientists results in ap-
plications used for more days with end-user satis-
faction; therefore, patients’ involvement in
developing and validating e-health tools s
considered a key to maximizing patient empow-
erment.?? In parallel, the knowledge of HCPs and
scientists is of comparable importance in e-health
tool development to guarantee that the most
appropriate and useful information is collected.
According to Huckvale et al, half of the evaluated
asthma apps provide data not supported by
evidence or guidelines.*®

Criterion 15

Integration into existing patient records, digital
files, and/or e-health platforms used in clinics.
User-friendliness for the healthcare provider also
indicates the importance of integration,?® and will
make using the e-health tools less time-consuming
and available data for research and trials more
valuable. Additionally, data registry could benefit
the report of side effects. Data should be able to
join the health record and if needed vice versa.
Proper coordination, agreement, and collabora-
tion with all stakeholders are needed to achieve
this goal.

Criterion 16

Regular (minimal annual) updates after audit
of quality, utility, and design features will keep e-
health tools compliant with evolving medical
knowledge and clinical guidelines. Digital tools
require at least an annual evaluation of quality and
utility and need to have ongoing design

adjustments. After an audit, changes need to be
carried out. When software demonstrates clinical
benefit, it needs to become part of practice; on the
other hand, features that provide limited value or
are shown to have deficiencies should be
reworked or removed. These updates should be
made in accordance with feedback from patients
and healthcare providers.

THE EXPECTED OUTCOME FOLLOWING
THE INTRODUCTION OF THIS QUALITY
FRAMEWORK

The quality framework as proposed by the WAO
Upper Airway Diseases Committee will allow
healthcare providers and patients to select the
best available e-health tool for their own medical
and local situation. In the following paragraph we
describe expected outcomes of a rigorous selec-
tion of high-quality mobile health tools. We have
elaborated the benefits along 3 domains of
favorable outcome, ie, for patients, for healthcare
providers, and for the healthcare system/society,
as illustrated and summarized in Fig. 2. All these
expected outcomes are only possible if the e-
health tools are used for an extended period of
time, making long-term use an important goal of
this quality framework.

Going forward, more elaborate studies are
needed to critically assess the overall outcomes of
care when implementing these criteria. The feed-
back on outcomes from those detailed studies will
be important to further develop and fine-tune the
proposed quality framework. As an example, we
expect that different criteria might carry a different
weight in the overall assessment of an e-health
tool.

Outcome for patients

The use of high-quality e-health tools has the
final aim to result in better disease control and
hence quality of life as proven in other non-
communicable conditions such as diabetes and
cardiovascular disease.>®?%¢ In the fields of
allergy and respiratory care, meeting the 16
quality criteria could help in achieving better
outcomes of care, by providing a deeper
understanding of the disease and its triggering
factors, creating awareness of comorbidities,



Better disease control

Better quality of life

Deeper understanding of the
disease and its triggering factors
and comorbidities

Personalized follow-up and
feedback

Cost saving
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HEALTHCARE PROVIDER

HEALTHCARE SYSTEM/SOCIETY

Staying up to date on current
guidelines and evidence

Facilitation of research and
registries

Deeper understanding of the
disease development in relation
to treatment and environment

Close follow-up providing better
feedback and personalized care

Time efficient outpatient visits

Reduction of use of ineffective
treatments/side effects (by
better adherence to therapy
and adequate reporting of side
effects

A happier population

Better informed patients may
help others

Individual variations become
recognized

Cost saving

Secondary and tertiary
prevention

Increased work productivity

Fig. 2 Expected outcomes following the introduction of this quality framework. Outcome for patients (left) - Outcome for healthcare

providers (middle) -Outcome for healthcare system/society (right)).

offering a better explanation of treatment (hence
achieving better adherence), and by building a
more personalized approach of follow-up with a
more holistic approach to feedback. In addition to
a better quality of life, including both physical/
psychological well-being and patient productivity,
such as less absence from work, better quality of
sleep, and fewer severe exacerbations, the intro-
duction of a quality scoring of e-health tools will, in
our opinion, result in lower healthcare expenses
for both patient and society as a whole.

Secondary and tertiary prevention might
become a reality by providing timely access to the
right treatment and targeted medical care. If the
implementation of e-health tools can achieve these
ambitious goals, a huge step forward into preci-
sion medicine would be made.*”4#

Optionally, e-health applications could also be
used to inform  patients about non-
pharmacological treatment options as add-on to
their medical therapy, eg, lifestyle, diet and daily
exercise.

Outcome for healthcare providers

Healthcare providers might be able to more
fully understand the disease development in rela-
tion to treatment and environment, and subse-
quently provide better personalized care.*® The
gathering of and access to a multitude of
relevant data will create an opportunity to better
monitor, over a longer period of time, the course
of disease, comorbidities, adherence, and side
effects of therapy, and enable early identification
of patients needing intervention. User-friendliness
and simplicity, together with connectivity to exist-
ing healthcare platforms, will also render e-health
tools timesaving and time-effective during outpa-
tient visits. Separate from direct patient care, these
quality criteria can result in facilitation of research
and registries, due to the opportunity of estab-
lishing more expanded databases. Big data regis-
try could also benefit from the reporting of disease
complications and medication side effects. We feel
these advantages could render the HCP more
satisfaction at work.
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Outcome for the healthcare system and the
society

Finally, we expect high-quality and widely used
e-health tools will be cost-saving and cost-effective
for the national healthcare systems due to timely
access to the most appropriate treatment to pre-
vent unnecessary delays, lack of reversibility and
long-term usage of ineffective treatments, better
use of present resources.*? Side-effects of therapy
will be reduced due to adequate reporting;
furthermore, individual variations of disease and
therapy response will become more recognized.
Moreover, e-health tools will contribute to patient
satisfaction, better informed patients that help
others with similar health issues, a better interac-
tion between the patient and the healthcare sys-
tem, and hence a reduction of the medical burden
on society.

DISCUSSION AND CONCLUSION

The WAO Upper Airway Diseases Committee
proposes a framework of 16 quality assurance
criteria that could be considered valuable in the
evaluation of the quality of e-health applications in
the domain of allergy and respiratory care. In
addition, the expected outcomes of using e-health
tools by patients and/or physicians are listed.

Beyond the 16 quality criteria, there are other
considerations to be taken into account in the
choice and recommendation of e-health tools
amongst patients. These include cost for the pa-
tient and/or healthcare provider, device storage
space, and adaptability of the application to
geographical need. The price of a mobile appli-
cation will be an important factor when patients
select a specific e-health tool. Does the healthcare
system or the patient pay for the technology? We
did not include the criterion "cost" in our assess-
ment, as it does not reflect the quality offered. In
the future, mobile health apps will become inte-
grated into the health care system with insurance
companies most likely willing to support imple-
mentation and usage. Consequently, this commit-
tee’s quality criteria of e-health tools might in the
future give guidance to reimbursement authorities.
Secondly, the efficient use of storage might allow
the e-health tool to run on more and cheaper de-
vices and hence drive faster acceptance and
broaden the use of the application. Thirdly,

adaptability to geographical need is another key
point of discussion. Distance to medical care, so-
cioeconomic status, and cost for medical care are
important factors that might influence e-health tool
utilization in different regions. However, this is
beyond the scope of this paper. The proposed
framework of quality criteria is applicable globally
and can be further refined as needed according to
geographical specificities. In addition to providing
benefit to existing patients, e-health tools might
help the respiratory care community and society,
at large, by reaching previously undiagnosed or
underdiagnosed patients and facilitating early
diagnosis and timely access to care.®%>"

One limitation of developing these quality
criteria is bias in diagnosis. Self-diagnosis of a
respiratory disease using a mobile health applica-
tion may be problematic and lead to unintended
negative consequences. Therefore, involvement of
a physician to correctly diagnose and manage the
disease is needed.

Apart from implementing a quality criteria
assessment of e-health tools as we have proposed,
it is obvious that the underlying applications must
be supported by a business model that is finan-
cially viable and involves ongoing research devel-
opment and improvement to guarantee a high-
quality product that serves patients/end-users for
the long term. Financial simulations and payment
models will need to be further elaborated to
convince policy makers and payers to reimburse
these e-health tools.?® Our framework provides
the first step in convincing policy makers and
payers to imbed high-quality mobile health tools
into the healthcare system.

As a next step, it will be important to assign
different weights to the 16 criteria, based upon the
specific diagnosis, eg, asthma, allergic rhinitis, and
CRS. Thereafter, we need to score existing e-health
tools that are being used to monitor these respi-
ratory diseases, based on our 16 criteria. We
expect that the existing e-health tools will have
significant deficiencies. In this stage we feel it is
too early to test a tool against the criteria. The
initial scoring should provide feedback that will
assist the developers of these applications to make
improvements within the criteria to which they are
most deficient. The above outlined next steps will
entail serious research effort as there are a
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multitude of available e-health tools. For practical
reasons, we would propose to start with a limited
selection of e-health tools for this test scoring
phase, starting with those with the highest
numbers of users. Unfortunately, the statistics on
the number of end-users for a specific tool are not
available today. We anticipate that with the rapid
progress made in the domain of mobile health
tools, statistics such as number of end-users will
become available and provide a good basis for
selection, test scoring, and adaptations. Following
the assessment of existing tools by these 16
criteria, surveys for both patients and healthcare
providers should investigate the real-life effect of
the implementation of these criteria.

For now, the WAO Upper Airway Diseses
Committee intended to move the field forward by
defining academic criteria of quality for digital
health tools in the allergy and respiratory field,
which might support the implementation of e-
health meeting these quality standards.
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