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Abstract 69 

 70 

Background: Technology based interventions (TBIs) can improve asthma management by 71 

facilitating patient education, symptom monitoring, environmental trigger control, comorbid 72 

condition management, and medication adherence. Collecting patient reported outcomes (PROs) 73 

can identify effective interventions and ensure patient-centered care, but it is unclear which TBIs 74 

have been formally evaluated using PROs. 75 

 76 

Objectives: We aim to: 1) identify the TBIs that have been evaluated in clinical trials using 77 

PROs; 2) identify the most commonly used PROs in these trials; and 3) determine the impact of 78 

TBIs on PROs in the management of chronic asthma.  79 

 80 

Methods: We searched PubMed and Clinicaltrials.gov databases for studies published in English 81 

between January 2000 and February 2020 using the following search criteria: “asthma,” “IT-82 

based interventions,” “information technology,” “technology,” “dyspnea,” “patient reported 83 

outcomes,” “PROs,” “telehealth,” “telemedicine,” and “mobile devices”. Two independent 84 

reviewers screened the studies and determined study inclusion. Studies were examined for the 85 

types of interventions used, the types of PROs collected, and outcomes.  86 

  87 

Results: The final analysis included 14 clinical trials with either 1, 2, or 3 arms. Five different 88 

types of TBIs were identified, most commonly involving multimedia education. Four different 89 

categories of PROs were identified, most commonly involving treatment self-efficacy. Positive 90 
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outcomes in at least one PRO domain were reported in 12/14 studies. Pooled meta-analysis was 91 

not possible due to the heterogeneity of PRO instruments across studies.  92 

 93 

Conclusion: TBIs improve patient reported outcomes overall in asthma patients. Future trials 94 

investigating TBIs should include standardized PROs as endpoints to better clarify this 95 

relationship.  96 

 97 

 98 

Highlights 99 

1. What is already known about this topic? 100 

a. Many technology-based interventions (TBIs) have been used for asthma 101 

management, but their impact on patient reported outcomes (PROs) is unclear.  102 

2. What does this article add to our knowledge? 103 

a. TBIs improve patient reported outcomes (PROs) overall, but comparing 104 

interventions across studies will require widespread standardization of PROs in 105 

clinical trials. 106 

3. How does this study impact current management guidelines? 107 

a. Management guidelines should include TBIs to improve certain aspects of asthma 108 

management, especially treatment self-efficacy. Guidelines should also encourage 109 

the use of standardized PROs in clinical trials. 110 

 111 

 112 

 113 
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Introduction 114 

 115 

Asthma is a chronic respiratory condition characterized by reversible airflow obstruction, airway 116 

inflammation, and hyperresponsiveness.1 Over 300 million people suffer from asthma across the 117 

globe and 25.7 million of those patients reside in the United States.2 Effective management of 118 

this disease requires the identification of potential factors that may impact a patient’s disease 119 

burden. The National Asthma Education and Prevention Program (NAEPP) Expert Panel 120 

describes four principal components of asthma management: assessing and monitoring asthma 121 

severity and control; education for a partnership in care; control of environmental factors and 122 

comorbid conditions; and medications.3 Tools that help achieve these four goals can reduce the 123 

impairment of pulmonary function, decrease the risk of future asthma exacerbations, and 124 

improve quality of life.  125 

 126 

Technology based interventions (TBIs) can help achieve the goals outlined by the NAEPP. 127 

Online portals, for example, can streamline the process of monitoring symptoms and assessing 128 

asthma management goals. Multimedia (videos, graphics, interactive animations) can make 129 

asthma education more effective and accessible for patients with limited time or resources.4 130 

Telehealth can improve not only asthma management, but also management of comorbid 131 

conditions that may impact asthma control.5 Adherence monitoring devices can help increase the 132 

effectiveness of pharmacologic therapies.6, 7 As technology continues to develop, a growing 133 

number of interventions will become available for clinicians to use. To focus efforts optimally, 134 

clinicians should use interventions that have been validated in clinical trials and shown to 135 

improve outcomes. Changes in laboratory values, imaging, or pulmonary function tests, 136 
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however, may not always reflect subtle changes in a patient’s condition. Instead, a more patient 137 

centered approach including patient reported outcomes (PROs) might help clinicians deliver high 138 

quality care and promote shared decision-making.  139 

 140 

PROs facilitate the assessment of disease burden and are reported directly by the patient. Several 141 

types of PROs exist, including quality of life, disease control, and attitudes about medications.8 142 

Increasingly, clinicians are starting to recognize the value of PROs in asthma management and 143 

regulatory agencies commonly include PROs in the process of approving drugs and devices.9 For 144 

this reason, randomized controlled trials are also starting to include PROs as endpoints. The 145 

objectives of this systematic review are as follows: identify the TBIs that have been evaluated in 146 

asthma clinical trials using PROs as endpoints; identify the PROs most commonly used in these 147 

trials; and determine the impact of TBIs on PROs when compared to usual care in patients with 148 

asthma. To date, a study assessing these aims has not been performed, though similar studies 149 

have been performed for diabetes.10 This systematic review aims to encourage the adoption of 150 

technologies that improve PROs and guide the development of further technologies for improved 151 

medication adherence and more patient centered healthcare delivery.    152 

 153 

 154 

 155 

 156 

 157 

 158 

 159 
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Methods 160 

 161 

The reporting of this systematic review was done in line with the Preferred Reporting Items for 162 

Systematic Reviews and Meta-Analysis (PRISMA) Guidelines, except for several components. 163 

Components of the PRISMA guidelines referring to meta-analysis or pooled analysis were not 164 

applicable to our review and were not followed. A protocol for this review was not registered 165 

with a database for systematic reviews.  166 

 167 

Eligibility criteria 168 

This review included studies published in English between the years January 2000 and February 169 

2020 that investigate the impact of TBIs on patient reported outcomes in asthma. We included 170 

original study articles and did not include review articles. Studies were included if they met the 171 

following inclusion criteria: the study utilized a TBI, including computers, mobile phones, 172 

tablets, or remote electronic medication monitoring devices; the study collected patient reported 173 

outcomes; and the patient reported outcome was a primary or secondary outcome of the study. 174 

Clinical studies that met our search criteria were selected for review. Identified studies were 175 

uploaded into Endnote and duplicates were removed. 176 

 177 

Information Sources and Search Strategy 178 

We searched the PubMed and ClinicalTrials.gov databases using the following keywords: 179 

“asthma,” “IT-based interventions,” “information technology,” “technology,” “dyspnea,” 180 

“patient reported outcomes,” “PROs,” “telehealth,” “telemedicine,” and/or “mobile devices.” In 181 

PubMed, the search was further refined using the “AND” and “OR” functions as follows: 182 
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“((asthma) AND (patient reported outcome) AND ((Information technology) OR (IT 183 

Intervention) OR (mobile device) OR (technology) OR (telehealth) OR (telemedicine))”. 184 

 185 

Study Selection 186 

Two independent reviewers (HD, BH) selected the studies to include in the analysis based on a 187 

multi-step process. First, studies were screened based on title and abstract. If either reviewer 188 

thought that a study might meet inclusion criteria based on the title and abstract, the study was 189 

advanced to independent full-text reviews by both reviewers. If both reviewers agreed that the 190 

study met inclusion criteria after full-text reviews, then the study was included in the final 191 

analysis. If the two reviewers disagreed about the inclusion of a study, a deliberation was 192 

performed to reach consensus. A third reviewer would only be considered if consensus could not 193 

be reached by deliberation. 194 

 195 

Data Extraction 196 

Included studies were analyzed independently by two of the authors (HD, BH) regarding the 197 

following data items: age group of participants (adult, pediatric, both, or not specified); number 198 

of participants included in the study; intervention(s) performed; outcome(s) analyzed; and study 199 

results.  200 

For the studies with two or three arms, a positive outcome was defined as a statistically 201 

significant improvement in the TBI arm compared to the control arm. Alternatively, if the study 202 

analyzed the intervention arm based on non-inferiority and both arms were effective, a positive 203 

outcome was defined as a lack of statistical difference between arms. For single arm studies, a 204 
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statistically significant improvement from baseline to outcome time point was considered a 205 

positive outcome. 206 

 207 

Data analysis 208 

The characteristics of the studies including types of intervention and PRO were summarized. The 209 

number of studies demonstrating positive outcomes were computed for each PRO. Quantitative 210 

meta-analysis of the studies was not possible because the instruments used to collect PROs were 211 

highly variable between studies. 212 

 213 

 214 

 215 

 216 

 217 

 218 

 219 

 220 

 221 

 222 

 223 

 224 

 225 

 226 

 227 
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Results 228 

 229 

Search Results and Dataset Inclusion 230 

The database searches identified 959 unique citations, of which 8 were excluded for unfinished 231 

or unavailable results (Figure 1). The remaining 951 studies were screened based on titles and 232 

abstracts and 921 were excluded. An additional 16 articles were excluded after full text review. 233 

Thus, 14 studies (3062 participants, 8 countries) were included in the analysis.11-24  234 

The 14 studies included are summarized in table 1. The median number of participants among 235 

the studies was 125, with 10 publications studying pediatric populations and 4 studying adult 236 

populations. Of the 14 studies, ten were randomized controlled trials with two arms; two were 237 

randomized controlled trials with three arms, and two were single arm studies. Seven studies 238 

were conducted in the United States while the other seven were conducted internationally. All 239 

studies were conducted in urban environments. For all studies, the intervention arm was a TBI. 240 

For studies with two arms, the control arm was “usual care”. This was defined as continuation of 241 

usual physician visits without access to the intervention website or other content. For studies 242 

where the intervention required in-person use of multimedia or electronic content, the control 243 

arm participants engaged in other in-person activities, including playing non-educational games, 244 

watching blank videos, browsing generic non-personalized websites, and receiving verbal 245 

demonstrations from providers. For studies with three arms, the TBI arm was compared to the 246 

arm that did not have access to the TBI when assessing outcomes.  247 

 248 

Interventions and Patient Reported Outcomes 249 
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Interventions and patient reported outcomes used in each study are summarized in Table 2. Five 250 

different types of TBIs were identified among the studies: internet based self-reporting tools, 251 

electronic medication monitoring devices, electronic diaries, multimedia education, and 252 

telehealth visits. The intervention used by ten studies could be classified under one of the above 253 

five categories, whereas four studies used multi-component interventions involving multiple 254 

categories. None of the interventions was via a smartphone app. The most common intervention 255 

was multimedia education, used in 9 of the studies as either part or all of their intervention. The 256 

least common intervention was a medication monitoring device, used in only one study.  257 

 258 

Similarly, four different types of patient reported outcomes were collected among the studies: 259 

asthma severity, asthma control, treatment self-efficacy, and quality of life. All studies collected 260 

multiple patient reported outcomes. Treatment self-efficacy was the most commonly assessed 261 

domain and asthma severity was the least commonly assessed domain, used in 11 and 1 of the 262 

studies, respectively. Self-efficacy was defined based on the available literature as a person’s 263 

confidence in their ability to perform the appropriate action in a given situation.25-27  264 

 265 

 266 

 267 

Impact of Interventions on Patient Reported Outcomes 268 

The outcomes of each study and each outcome domain are summarized in table 3. Of the 14 269 

studies, 12 showed a positive outcome in at least one of the patient reported outcome domains. 270 

The outcome domain that most consistently improved with a TBI was treatment self-efficacy, 271 

with improvement seen in 73% of studies using the domain. The outcome domain that showed 272 
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the least improvement was asthma severity, which did not improve in any of the studies where 273 

that metric was collected. The instruments used to measure PROs varied widely between studies 274 

(see discussion). In addition to collecting PROs, many studies also collected clinical outcomes 275 

including hospitalizations and ED visits. For reference, this data is also provided in table 3.  276 

 277 

 278 

  279 

 280 

 281 

 282 

 283 

 284 

 285 

 286 

 287 

 288 

 289 

 290 

 291 

 292 

 293 

 294 

 295 

Jo
urn

al 
Pre-

pro
of



 14

Discussion 296 

This systematic review of 14 studies supports the use of TBIs to enhance asthma management 297 

and improve patient reported outcomes (PROs). Most interventions included in this study used 298 

some form of multimedia education, including educational videos, interactive animations, 299 

pictures, computer games, or other web-based content. This is consistent with the published 300 

literature, where the majority of TBIs that have been described for asthma involve giving the 301 

patient some form of self-management information.28 Other interventions, particularly 302 

smartphone apps or electronic diaries, were not well represented in this study. In the available 303 

literature, many smartphone apps and electronic diaries have been described, including over 200 304 

mobile applications on Android or Apple, but very few been validated through clinical trials. Of 305 

the few validated mobile applications, most are not publically available and have not been 306 

validated in multiple settings.29 Ultimately, relative to the number of TBIs that have been 307 

described for asthma management, our study includes only a small portion. The lack of these 308 

other interventions in our study reflects a need for more clinical trials evaluating these TBIs with 309 

a focus on patient reported outcomes. As the options for TBIs continue to increase, the inclusion 310 

of PROs in clinical trials will be critical in ensuring patient centered care.  311 

 312 

The assessment of each PRO was highly variable across studies. For example, asthma control 313 

was occasionally assessed through known questionnaires like the Asthma Control Questionnaire, 314 

Asthma Control Test, and Children’s Health Survey for Asthma, but was more often assessed 315 

through miscellaneous survey questions assessing daytime symptoms, nighttime symptoms, 316 

missed school days, frequency of flares, and symptom free days. Asthma severity was only seen 317 

once among our studies, and was assessed using a miscellaneous 3-point scale survey. Self-318 
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efficacy was our most commonly assessed PRO domain, usually through miscellaneous survey 319 

questions about medication adherence, asthma knowledge, rescue inhaler availability, peak flow 320 

meter usage, or confidence in responding to an asthma emergency. In our study, quality of life 321 

was assessed through some well-known surveys including the Asthma Quality of Life 322 

Questionnaire but was also more often assessed through miscellaneous survey questions. 323 

 324 

This pattern of collecting PROs through a large variety of instruments is consistent with the 325 

literature. While hundreds of generic PROs have been described, only a small portion have been 326 

well validated.30 The Asthma Quality of Life Questionnaire, for example, is among the oldest 327 

PROs used in asthma, and also one of the best validated.31  Other well-known and validated 328 

PROs include the Asthma Control Test and Asthma Control Questionnaire, but most metrics 329 

used in our studies were non-validated miscellaneous survey questions as described above.30, 32, 33 330 

Even when studies appeared to use surveys with the same name, further investigation revealed 331 

that the actual surveys were quite different. Studies 3 and 7, for example, both used an “Asthma 332 

Control Questionnaire”, but the scales and questions used in the studies differed. One study 333 

defined a positive outcome as a high score in their ACQ while the other study used an ACQ that 334 

favored a lower score.13, 17 Because of this high variability, pooled meta-analysis of the impact of 335 

TBIs on PROs was not possible. The use of unvalidated PROs is suboptimal, and some validated 336 

surveys are not freely available. A consensus on standardized, freely available PROs for use in 337 

clinical trials is essential to better compare the impact of interventions across studies. 338 

 339 

Since performing a quantitative and pooled meta-analysis was not possible, we performed a 340 

descriptive analysis to show that TBIs can improve patient reported outcomes. Not all outcome 341 
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types, however, were equally impacted by TBIs. Of the categories assessed in at least 5 studies, 342 

self-efficacy was the most likely outcome domain to improve (improved in 73% of studies). This 343 

tendency for improvement in self-efficacy outcomes reflects the types of interventions that were 344 

included in this study. As previously mentioned, most interventions in our studies used 345 

multimedia education to promote knowledge or compliance, two key barriers to asthma self-346 

efficacy.34, 35 Interestingly, as shown in table 3, the clinical outcomes of hospitalizations and ED 347 

visits were less likely to improve as a result of the TBIs, despite frequent improvements in 348 

patient reported outcomes. This suggests that TBIs may improve the patient’s perception of 349 

disease burden and the patient’s understanding of the disease, but may not actually alter the 350 

natural course of the disease. The literature on this is quite conflicted, with some TBIs improving 351 

clinical outcomes and others showing no change.28 Further trials will be needed with 352 

standardized outcome metrics to better clarify the relationship between TBIs, patient reported 353 

outcomes, and clinical outcomes.  354 

 355 

This was a systematic review conducted as per the PRISMA guidelines with certain exceptions 356 

as stated in the methods.36 The first notable limitation is that the number of included studies is 357 

relatively low, underlining the need for future trials to include standardized PROs as endpoints. 358 

Furthermore, all studies included in this review occurred in urban areas, so further research will 359 

be needed to assess the impact of TBIs on PROs in rural settings.  The nature of the technology 360 

based interventions used in these studies also prevented blinding, a known limitation of studying 361 

some behavioral interventions.37 Prior studies have underscored the importance of blinding in 362 

trials with subjective outcomes, like patient reported outcomes, so the lack of blinding in these 363 

studies may have been an important source of bias.38, 39 For instance, intervention arm 364 
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participants may have reported improved outcomes due to social desirability bias or a perception 365 

of improved outcomes after exposure to multimedia education, personalized asthma websites, or 366 

other interventions.40 For these reasons, further correlation in trials that use both PROs and 367 

objective clinical endpoints is essential. Despite these limitations, our findings still suggest that 368 

TBIs improve PROs. The widespread adoption of standardized PROs will better clarify this 369 

relationship by facilitating more robust pooled analysis and the comparison of interventions 370 

across studies. Identifying the most effective TBIs will ultimately allow clinicians to better 371 

engage patients in their own care and provide more patient centered management of chronic 372 

asthma.   373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

 381 

 382 

 383 

 384 

 385 

 386 

 387 
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Figure 1: Inclusion and exclusion of studies from targeted literature review 525 

Table 1: Summary of included studies 526 

Table 2: TBIs and PROs used in each study 527 
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Table 1 

Study 
Number 

First 
Author  

Year 
Published 

Randomized Number 
of Arms 

Number of 
Participants 

Age 
Group 

Country Setting 

1 Homer11 2000 yes 2 137 pediatric USA Urban 

2 Joseph12 2006 yes 2 314 pediatric USA Urban 

3 van der 
Meer13 

2009 yes 2 200 adult Netherlands Urban 

4 Otsuki14 2009 yes 3 250 pediatric USA Urban 

5 Halterman15 2012 no 1 28 pediatric USA Urban 

6 Botngard16 2013 yes 2 108 pediatric Norway Urban 

7 Lim17 2014 yes 2 60 adult Australia Urban 

8 Barthel18 2015 yes 1 312 pediatric Germany Urban 

9 Fiks19 2015 yes 2 60 pediatric USA Urban 

10 Wiecha20 2015 yes 2 58 pediatric USA Urban 

11 Arikan-
Ayyildiz21 

2016 yes 2 78 pediatric Turkey Urban 

12 Pool22 2017 yes 2 608 adult USA Urban 

13 Bruton23 2018 yes 3 655 adult United 
Kingdom 

Urban 

14 Fremont24 2018 yes 2 113 pediatric France Urban 
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Table 2 

Study 
Number 

First 
Author 

Internet 
Based 
Self 
Report 

Smartphone 
App 

Adherence 
Monitoring 
Device 

Electronic 
Diary 

Multimedia 
Education 

Telehealth Dyspnea 
Severity 

Asthma 
Control 

Self-
Efficacy 

Quality 
of Life 

1 Homer11 no no no no yes no yes no yes yes 

2 Joseph12 no no no no yes no no no yes yes 

3 van der 
Meer13 

yes no no yes yes yes no yes yes yes 

4 Otsuki14 no no yes no no no no yes yes no 

5 Halterman15 no no no no no yes no yes yes yes 

6 Botngard16 no no no no yes no no no yes no 

7 Lim17 no no no no no yes no yes no no 

8 Barthel18 yes no no no no no no no yes no 

9 Fiks19 yes no no yes yes no no yes yes yes 

10 Wiecha20 yes no no yes yes no no yes yes no 

11 Arikan-
Ayyildiz21 

no no no no yes no no yes no no 

12 Pool22 yes no no no no no no yes yes yes 

13 Bruton23 no no no no yes no no yes no yes 

14 Fremont24 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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Table 3 

 

 

 

 

 

 

 

 

 

 

 

Study First Author  Dyspnea 
Severity 

Asthma 
Control 

Self-
Efficacy 

Quality of 
Life 

1 Homer11 No Not Assessed Yes No 

2 Joseph12 Not Assessed Not Assessed Yes Yes 

3 van der Meer13 Not Assessed Yes No Yes 

4 Otsuki14 Not Assessed No Yes Not 
Assessed 

5 Halterman15 Not Assessed Yes Yes Yes 

6 Botngard16 Not Assessed Not Assessed No Not 
Assessed 

7 Lim17 Not Assessed Yes Not 
Assessed 

Not 
Assessed 

8 Barthel18 Not Assessed Not Assessed Yes Not 
Assessed 

9 Fiks19 Not Assessed Yes Yes No 

10 Wiecha20 Not Assessed No Yes Not 
Assessed 

11 Arikan-
Ayyildiz21 

Not Assessed No Not 
Assessed 

Not 
Assessed 

12 Pool22 Not Assessed Yes No Yes 

13 Bruton23 Not Assessed Yes Not 
Assessed 

Yes 

14 Fremont24 Not Assessed Not Assessed Yes Not 
Assessed 

Total 
Assessed 

 1 9 11 7 

Total 
Positive 

 0 6 8 5 
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Figure 1 

 

Records identified through  

PubMed search 

(n = 351) 

Records identified through 

clinicaltrials.gov search 

(n = 609) 

Records after removing duplicates 

(n = 959) 

Records screened 

(n = 951) 

Records excluded 

(n = 921) 

Exclusion criteria:  

 See below 

Full text articles assessed 

for eligibility (n = 30) 

Full text articles excluded 

(n = 16) 

Exclusion Criteria: 

 Lack of technology 

based intervention 

 Lack of patient 

reported outcome metrics 

 Main disease studied 

was not asthma 

Studies Included in 

qualitative synthesis  

(n = 14) 

Remove records with 

unfinished or unavailable 

results (n = 951) 
Records excluded (n = 8) 
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