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Abstract

Background: Technology based interventions (TBIs) can improsthraa management by
facilitating patient education, symptom monitoriegyironmental trigger control, comorbid
condition management, and medication adherencéed@ioly patient reported outcomes (PROS)
can identify effective interventions and ensuregratcentered care, but it is unclear which TBIs

have been formally evaluated using PROs.

Objectives: We aim to: 1) identify the TBIs that have been aa#&d in clinical trials using
PROs; 2) identify the most commonly used PROs aséttrials; and 3) determine the impact of

TBIs on PROs in the management of chronic asthma.

Methods: We searched PubMed and Clinicaltrials.gov datebésr studies published in English
between January 2000 and February 2020 using lloeviog search criteria: “asthma,” “IT-

information technology,” ctenology,

” o ” o

based interventions, dyspnea,” “patient reported
outcomes,” “PROs,” “telehealth,” “telemedicine,”dafmobile devices”. Two independent
reviewers screened the studies and determined staldigion. Studies were examined for the

types of interventions used, the types of PRO®ctdt, and outcomes.

Results: The final analysis included 14 clinical trialstiveither 1, 2, or 3 arms. Five different
types of TBIs were identified, most commonly invialy multimedia education. Four different

categories of PROs were identified, most commamplving treatment self-efficacy. Positive
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outcomes in at least one PRO domain were repant&@/il4 studies. Pooled meta-analysis was

not possible due to the heterogeneity of PRO instnis across studies.

Conclusion: TBIs improve patient reported outcomes overalisthma patients. Future trials
investigating TBIs should include standardized PR©®sndpoints to better clarify this

relationship.

Highlights
1. What is already known about this topic?

a. Many technology-based interventions (TBIs) havenhesed for asthma

management, but their impact on patient reportedoooes (PROSs) is unclear.
2. What does this article add to our knowledge?

a. TBIs improve patient reported outcomes (PROs) divdémat comparing
interventions across studies will require widesgretandardization of PROs in
clinical trials.

3. How does this study impact current management gnes?

a. Management guidelines should include TBIs to improgrtain aspects of asthma

management, especially treatment self-efficacyd€éliuies should also encourage

the use of standardized PROs in clinical trials.
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Introduction

Asthma is a chronic respiratory condition charazeegt by reversible airflow obstruction, airway
inflammation, and hyperresponsivené§ver 300 million people suffer from asthma acribes
globe and 25.7 million of those patients residthinUnited StateSEffective management of
this disease requires the identification of potdrftictors that may impact a patient’s disease
burden. The National Asthma Education and PreveRimgram (NAEPP) Expert Panel
describes four principal components of asthma mamagt: assessing and monitoring asthma
severity and control; education for a partnershipare; control of environmental factors and
comorbid conditions; and medicatioh$ools that help achieve these four goals can ethe
impairment of pulmonary function, decrease the osfuture asthma exacerbations, and

improve quality of life.

Technology based interventions (TBIs) can helpaahihe goals outlined by the NAEPP.

Online portals, for example, can streamline thegss of monitoring symptoms and assessing
asthma management goals. Multimedia (videos, geaphiteractive animations) can make
asthma education more effective and accessibledients with limited time or resourcés.
Telehealth can improve not only asthma managerbahglso management of comorbid
conditions that may impact asthma contraidherence monitoring devices can help increase the
effectiveness of pharmacologic theragiésAs technology continues to develop, a growing
number of interventions will become available fnicians to use. To focus efforts optimally,
clinicians should use interventions that have begidated in clinical trials and shown to

improve outcomes. Changes in laboratory valuesgimgga or pulmonary function tests,
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however, may not always reflect subtle changespat&nt’s condition. Instead, a more patient
centered approach including patient reported ougsofRROs) might help clinicians deliver high

guality care and promote shared decision-making.

PROs facilitate the assessment of disease burakaranmeported directly by the patient. Several
types of PROs exist, including quality of life, é&se control, and attitudes about medications.
Increasingly, clinicians are starting to recogritze value of PROs in asthma management and
regulatory agencies commonly include PROSs in tieegss of approving drugs and devic&ar
this reason, randomized controlled trials are stading to include PROs as endpoints. The
objectives of this systematic review are as follotentify the TBIs that have been evaluated in
asthma clinical trials using PROs as endpoint3jtilethe PROs most commonly used in these
trials; and determine the impact of TBIs on PROgmvbompared to usual care in patients with
asthma. To date, a study assessing these aim®thsan performed, though similar studies
have been performed for diabet®%his systematic review aims to encourage the adioif
technologies that improve PROs and guide the dpusat of further technologies for improved

medication adherence and more patient centerethbes¢ delivery.
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Methods

The reporting of this systematic review was donknia with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) Glindss, except for several components.
Components of the PRISMA guidelines referring tdavenalysis or pooled analysis were not
applicable to our review and were not followed. ratpcol for this review was not registered

with a database for systematic reviews.

Eligibility criteria

This review included studies published in Engligtween the years January 2000 and February
2020 that investigate the impact of TBIs on patrepbrted outcomes in asthma. We included
original study articles and did not include reviaxticles. Studies were included if they met the
following inclusion criteria: the study utilizedTal, including computers, mobile phones,
tablets, or remote electronic medication monitodegices; the study collected patient reported
outcomes; and the patient reported outcome wasrapy or secondary outcome of the study.
Clinical studies that met our search criteria weslected for review. ldentified studies were

uploaded into Endnote and duplicates were removed.

I nformation Sour ces and Search Strategy

We searched the PubMed and ClinicalTrials.gov dateb using the following keywords:
“asthma,” “IT-based interventions,” “informationctenology,” “technology,” “dyspnea,”
“patient reported outcomes,” “PROs,” “telehealttiglemedicine,” and/or “mobile devices.” In

PubMed, the search was further refined using theéDAand “OR” functions as follows:
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“((asthma) AND (patient reported outcome) AND (@rhation technology) OR (IT

Intervention) OR (mobile device) OR (technology) @&ehealth) OR (telemedicine))”.

Study Selection

Two independent reviewers (HD, BH) selected thdisgito include in the analysis based on a
multi-step process. First, studies were screensddan title and abstract. If either reviewer
thought that a study might meet inclusion crité@sed on the title and abstract, the study was
advanced to independent full-text reviews by bethaewers. If both reviewers agreed that the
study met inclusion criteria after full-text reviewthen the study was included in the final
analysis. If the two reviewers disagreed abouiribkision of a study, a deliberation was
performed to reach consensus. A third reviewer @ouly be considered if consensus could not

be reached by deliberation.

Data Extraction

Included studies were analyzed independently bydintbe authors (HD, BH) regarding the
following data items: age group of participantsulgdpediatric, both, or not specified); number
of participants included in the study; interven{®rperformed; outcome(s) analyzed; and study
results.

For the studies with two or three arms, a positiicome was defined as a statistically
significant improvement in the TBI arm comparedhe control arm. Alternatively, if the study
analyzed the intervention arm based on non-infiyiand both arms were effective, a positive

outcome was defined as a lack of statistical dgffiee between arms. For single arm studies, a
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statistically significant improvement from baselioeoutcome time point was considered a

positive outcome.

Data analysis

The characteristics of the studies including typieistervention and PRO were summarized. The
number of studies demonstrating positive outcoma®womputed for each PRO. Quantitative
meta-analysis of the studies was not possible Isecdne instruments used to collect PROs were

highly variable between studies.
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Results

Sear ch Results and Dataset I nclusion

The database searches identified 959 unique cisgataf which 8 were excluded for unfinished
or unavailable results (Figure 1). The remaining Studies were screened based on titles and
abstracts and 921 were excluded. An additionalti@les were excluded after full text review.
Thus, 14 studies (3062 participants, 8 countrie=evincluded in the analysis?

The 14 studies included are summarized in tabléh&.median number of participants among
the studies was 125, with 10 publications studyiediatric populations and 4 studying adult
populations. Of the 14 studies, ten were randomizedrolled trials with two arms; two were
randomized controlled trials with three arms, amd tvere single arm studies. Seven studies
were conducted in the United States while the adbgen were conducted internationally. All
studies were conducted in urban environments. FFetuglies, the intervention arm was a TBI.
For studies with two arms, the control arm was alsare”. This was defined as continuation of
usual physician visits without access to the irgation website or other content. For studies
where the intervention required in-person use dtimadia or electronic content, the control
arm participants engaged in other in-person agjiincluding playing non-educational games,
watching blank videos, browsing generic non-perspad websites, and receiving verbal
demonstrations from providers. For studies witle¢harms, the TBI arm was compared to the

arm that did not have access to the TBI when asgpsatcomes.

Interventions and Patient Reported Outcomes
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Interventions and patient reported outcomes usedéh study are summarized in Table 2. Five
different types of TBIs were identified among thedses: internet based self-reporting tools,
electronic medication monitoring devices, electcatiaries, multimedia education, and
telehealth visits. The intervention used by tewligtsi could be classified under one of the above
five categories, whereas four studies used multigmnent interventions involving multiple
categories. None of the interventions was via agghane app. The most common intervention
was multimedia education, used in 9 of the studsesither part or all of their intervention. The

least common intervention was a medication momitpdevice, used in only one study.

Similarly, four different types of patient reportedtcomes were collected among the studies:
asthma severity, asthma control, treatment seifady, and quality of life. All studies collected
multiple patient reported outcomes. Treatment s#itacy was the most commonly assessed
domain and asthma severity was the least commashsaed domain, used in 11 and 1 of the
studies, respectively. Self-efficacy was defineddobon the available literature as a person’s

confidence in their ability to perform the appraei action in a given situatiri?’

Impact of Interventions on Patient Reported Outcomes

The outcomes of each study and each outcome darasummarized in table 3. Of the 14
studies, 12 showed a positive outcome in at le@stod the patient reported outcome domains.
The outcome domain that most consistently improvitd a TBI was treatment self-efficacy,

with improvement seen in 73% of studies using tvaan. The outcome domain that showed
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the least improvement was asthma severity, whidmdt improve in any of the studies where
that metric was collected. The instruments useddasure PROs varied widely between studies
(see discussion). In addition to collecting PROanynstudies also collected clinical outcomes

including hospitalizations and ED visits. For refece, this data is also provided in table 3.
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Discussion
This systematic review of 14 studies supports geeaf TBIs to enhance asthma management
and improve patient reported outcomes (PROs). Mbstventions included in this study used
some form of multimedia education, including ediarel videos, interactive animations,
pictures, computer games, or other web-based dorteis is consistent with the published
literature, where the majority of TBIs that havebelescribed for asthma involve giving the
patient some form of self-management informaffb®ther interventions, particularly
smartphone apps or electronic diaries, were ndtreptesented in this study. In the available
literature, many smartphone apps and electronitedihave been described, including over 200
mobile applications on Android or Apple, but veepfbeen validated through clinical trials. Of
the few validated mobile applications, most aremdilically available and have not been
validated in multiple settingS.Ultimately, relative to the number of TBIs thatkzeen
described for asthma management, our study inclonkysa small portion. The lack of these
other interventions in our study reflects a needrore clinical trials evaluating these TBIs with
a focus on patient reported outcomes. As the optionTBIs continue to increase, the inclusion

of PROs in clinical trials will be critical in engng patient centered care.

The assessment of each PRO was highly variablssstadies. For example, asthma control
was occasionally assessed through known guesti@sndie the Asthma Control Questionnaire,
Asthma Control Test, and Children’s Health SurvayAsthma, but was more often assessed
through miscellaneous survey questions assessytgaasymptoms, nighttime symptoms,
missed school days, frequency of flares, and symyitee days. Asthma severity was only seen

once among our studies, and was assessed usirgg@llaneous 3-point scale survey. Self-
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efficacy was our most commonly assessed PRO domsura)ly through miscellaneous survey
guestions about medication adherence, asthma kdgejeescue inhaler availability, peak flow
meter usage, or confidence in responding to anmrestimergency. In our study, quality of life
was assessed through some well-known surveys iingjulde Asthma Quality of Life

Questionnaire but was also more often assessedgimimiscellaneous survey questions.

This pattern of collecting PROs through a largeetgrof instruments is consistent with the
literature. While hundreds of generic PROs havenlisscribed, only a small portion have been
well validated® The Asthma Quality of Life Questionnaire, for exaie) is among the oldest
PROs used in asthma, and also one of the besatetitt Other well-known and validated
PROs include the Asthma Control Test and Asthma@b@uestionnaire, but most metrics
used in our studies were non-validated miscellassouvey questions as described ab8vé: *
Even when studies appeared to use surveys witkatime name, further investigation revealed
that the actual surveys were quite different. $tsid and 7, for example, both used an “Asthma
Control Questionnaire”, but the scales and questimed in the studies differed. One study
defined a positive outcome as a high score in théi@ while the other study used an ACQ that
favored a lower scor&: " Because of this high variability, pooled meta-gsil of the impact of
TBIs on PROs was not possible. The use of unva@dBROs is suboptimal, and some validated
surveys are not freely available. A consensus amdstrdized, freely available PROs for use in

clinical trials is essential to better compareithpact of interventions across studies.

Since performing a quantitative and pooled metdyaigawas not possible, we performed a

descriptive analysis to show that TBIs can imprpagent reported outcomes. Not all outcome
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types, however, were equally impacted by TBIs.l@f¢ategories assessed in at least 5 studies,
self-efficacy was the most likely outcome domainngprove (improved in 73% of studies). This
tendency for improvement in self-efficacy outcomeftects the types of interventions that were
included in this study. As previously mentioned,siiaterventions in our studies used
multimedia education to promote knowledge or coargle, two key barriers to asthma self-
efficacy>* **Interestingly, as shown in table 3, the clinicalammes of hospitalizations and ED
visits were less likely to improve as a resulthd TBIs, despite frequent improvements in
patient reported outcomes. This suggests that Rlsimprove the patient’s perception of
disease burden and the patient’s understandinfieadisease, but may not actually alter the
natural course of the disease. The literature snighquite conflicted, with some TBIs improving
clinical outcomes and others showing no cha&fideirther trials will be needed with
standardized outcome metrics to better clarifyréiationship between TBIs, patient reported

outcomes, and clinical outcomes.

This was a systematic review conducted as perRI8NRA guidelines with certain exceptions
as stated in the methotsThe first notable limitation is that the numberiméluded studies is
relatively low, underlining the need for futureats to include standardized PROs as endpoints.
Furthermore, all studies included in this reviewwteed in urban areas, so further research will
be needed to assess the impact of TBIs on PRQ@sahsettings. The nature of the technology
based interventions used in these studies als@pred blinding, a known limitation of studying
some behavioral interventiodsPrior studies have underscored the importancédiradihg in

trials with subjective outcomes, like patient rdpdroutcomes, so the lack of blinding in these

studies may have been an important source of'bid-or instance, intervention arm
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participants may have reported improved outcomestalgocial desirability bias or a perception
of improved outcomes after exposure to multimediacation, personalized asthma websites, or
other intervention&’ For these reasons, further correlation in triadg tise both PROs and
objective clinical endpoints is essential. Despitese limitations, our findings still suggest that
TBIs improve PROs. The widespread adoption of stedided PROs will better clarify this
relationship by facilitating more robust pooled lgses and the comparison of interventions
across studies. Identifying the most effective TBil$ ultimately allow clinicians to better
engage patients in their own care and provide rpatient centered management of chronic

asthma.
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Figure 1: Inclusion and exclusion of studies fr@argeted literature review
Table 1: Summary of included studies
Table 2: TBIs and PROs used in each study

Table 3: Positive outcomes reported in intervention
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pediatric
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Table 2

Study First Internet Smartphone Adherence Electronic Multimedia Telehealth Dyspnea Asthma Self- Quality
Number Author Based App Monitoring Diary Education Severity Control Efficacy of Life
Self Device
Report

1 Homer™ no no no no yes no yes no yes yes

2 Joseph™ no no no no yes no no no yes yes

3 van der yes no no yes yes yes no yes yes yes
Meer

4 Otsuki™ no no yes no no no no yes yes no

5 Halterman™ no no no no no yes no yes yes yes

6 Botngard®  no no no no yes no no no yes no

7 Lim* no no no no no yes no yes no no

8 Barthel®®  yes no no no no no no no yes no

9 Fiks"™ yes no no yes yes no no yes yes yes

10 Wiecha®  yes no no yes yes no no yes yes no

11 Arikan- no no no no yes no no yes no no
Ayyildiz*

12 Pool# yes no no no no no no yes yes yes

13 Bruton® no no no no yes no no yes no yes

14 Fremont”*  no no no no yes no no no yes no

Total 5 0 1 3 9 3 1 9 11 7
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