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Ontario Thoracic Reviews 
  
Ontario Thoracic Reviews (OTR) is the official publication of the Ontario Thoracic Society. It is written by and for physicians and 

researchers in the field of respiratory care. Articles include educational reviews and updates on clinical and scientific topics, written by 

subject matter specialists working in all fields of respiratory health. The OTR is edited by Dr. Christopher Li and Dr. Mark Soth. The 

beginning section is a snapshot. Click “Read more” directly linked to the full articles below. 

 

 

Forward 
A Message from the Editors of the Ontario Thoracic Reviews 
Christopher Li MD, FRCPC, DABSM 

Mark Soth MD, FRCPC   
 

This edition of the Ontario Thoracic Reviews focuses on the dynamic field of Mobile Health (mHealth). While it may seem 

anachronistic to use an ancient term to describe such a modern tool, this is indeed a Byzantine tale of innovation with hubs 

and spokes as complicated as the internet itself, and its share of both scintillating ideas and dispiriting dead ends. Toronto-

based Respirologist and researcher, Dr. Andrew Kouri, guides us through an overview of the fascinating world of mHealth as 

it pertains to asthma care. Dr. Samir Gupta, a Respirologist and clinician-scientist in Knowledge Translation at the University 

of Toronto, also provides us with an insightful editorial to help us frame both the promise and the pitfalls of this emerging 

health technology. 

 
Read more 
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Editorial  
Mobile Health:  A Complex Intervention for a Complex World 
Samir Gupta, MD, FRCPC, MSc 

If you are wondering what mobile health is, you are not alone. The term mobile 

health (“mHealth”) still means different things to different people.  According to the 

World Health Organization, mHealth involves the application of health services 

through mobile technologies -predominantly smartphones and tablets.(1) And 

although that definition is still crystalizing in both health and technology domains, 

there is no better evidence than the multibillion dollar global health app market that 

mHealth is not just coming – it is here.  If you are a provider, it is one of several 

technology tools that will hopefully make your life easier and enable you to do your 

job both better and more efficiently. If you are a patient, you are more likely than not 

to already have an mHealth app on your smartphone.   

Read more 

Feature Article 
Mobile Health in Asthma 
Andrew Kouri, MDCM, FRCPC 

As smartphones and digital technologies have gradually become integral to our daily 

lives over the past 20 years, the use of these tools in healthcare has also rapidly 

expanded. Mobile health (mHealth) technologies are now widely used to collect heath 

data, provide patient education, promote health behaviour change, and enhance 

connectivity between healthcare providers and patients.1 In the US, 60% of adults 

have downloaded one of the more than 300,000 health and wellness apps currently 

available, with more than 200 being added daily.2,3 Investment into digital health is 

equally booming, with the global mHealth app market valued at $12.4B in 2018, up 

from $4.4B in 2016.2,3 The COVID-19 pandemic has accelerated this growth even 

further, as the widespread move to remote care and monitoring has put a spotlight on 

healthcare’s “digital revolution”.4   

Read more

https://hcp.lunghealth.ca/
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Better Breathing 2022 

 

 

The 39th annual Better Breathing Conference will take place from Wednesday January 26 to Friday January 28, 2022 as 

part of a larger Better Breathing Week. Pre-Conference sessions include Policy Forums on Airways disease asthma, COPD, 

Lung Cancer, and Infectious Respiratory Disease; the ORCS Research in Action: a Celebration of Achievements; and a TB 

Gathering. Once again, Better Breathing Week will be delivered virtually.  

Many thanks to Dr. Geneviève Digby and the planning committee for their help in developing such an excellent program 

even in the face of the unprecedented difficulties caused by the pandemic. 

Popular traditional programming will return, including the Respirology Year in Review, the venerable André Péloquin 

clinical case series, and the Resident Case Presentations.  

 

More information, including the program and the link to register are available at betterbreathing.ca.  

Registration will remain open until Friday January 28, 2022 upon conclusion of the conference. Be sure to register for any 

sessions you may like to view even if you can’t attend as recordings will be made available for 3 months upon conclusion of 

the conference only to those who’ve registered to attend. 

 

We look forward to seeing you there! 

Events and Education 

The Lung Health Foundation hosts various continuing medical education programs including 3 annual conferences (Better 

Breathing, Respiratory Health Forum, and TB) and periodic webinars on a wide range of topics related to respiratory lung 

health, many of which are Mainpro+ certified. For more information or to set up a workshop for your healthcare team or 

organization please contact pep@lunghealth.ca. 

 
 

Recordings of past educational webinars can be found in our archives. 

 

 

https://hcp.lunghealth.ca/
https://hcp.lunghealth.ca/conferences/better-breathing-week-2022/
mailto:pep@lunghealth.ca
https://hcp.lunghealth.ca/workshops/archived-otns/
https://hcp.lunghealth.ca/workshops/
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To see what RESPTREC courses are currently available and to register, please visit www.resptrec.org. 

Publications Arising from Previous Research Awards 

Spatial Dependence of CT Emphysema in Chronic Obstructive Pulmonary Disease Quantified by Using Join-Count 

Statistics - Sukhraj Virdee, Wan C. Tan, James C. Hogg, Jean Bourbeau, Cameron J. Hague, Jonathon A. Leipsic, Miranda 

Kirby  

https://pubs.rsna.org/doi/10.1148/radiol.2021210198 

Development and validation of an open-source, disposable, 3D-printed in vitro environmental exposure system for 

Transwell culture inserts - Abiram Chandiramohan, Mohammedhossein Dabaghi, Jennifer A. Aguiar, Nicholas Tiessen, 

Mary Stewart, Quynh T. Cao, Jenny P. Nguyen, Nima Makhdami, Gerard Cox, Andrew C. Doxey, and Jeremy A. Hirota  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7882787/ 

Expression of endocannabinoid system components in human airway epithelial cells: impact of sex and chronic 

respiratory disease status - Matthew F. Fantauzzi, Jennifer A. Aguiar, Benjamin J.-M. Tremblay, Michael J. Mansfield, 

Toyoshi Yanagihara, Abiram Chandiramohan, Spencer Revill, Min Hyung Ryu, Chris Carlsten, Kjetil Ask, Martin Stämpfli, 

Andrew C. Doxey, and Jeremy A. Hirota 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7737429/ 

Risk of asthma in children diagnosed with bronchiolitis during infancy: protocol of a longitudinal cohort study linking 

emergency department-based clinical data to provincial health administrative databases - Kawsari Abdullah, Deshayne 

B Fell, Dhenuka Radhakrishnan, Steven Hawken, David W Johnson, Piush Mandhane, Teresa To, Gary Joubert, Amy C Plint 

Read here 

Development and validation of a mouse model of contemporary cannabis smoke exposure - Matthew F. Fantauzzi, Steven 

P. Cass, Joshua J.C. McGrath, Danya Thayaparan, Peiyao Wang, Martin R. Stampfli, Jeremy A. Hirota 

https://www.biorxiv.org/content/10.1101/2021.02.11.430865v1 

Respiratory Symptoms Are Associated With Frailty in Older Adults With Normal Spirometry, Independent of Smoking, in the 

Canadian Longitudinal Study of Aging - Chris P Verschoor, Robert E Dales, MyLinh Duong, Caitlyn Bourque, Oxana 

Mian, Jinhui Ma and Lauren E Griffith 

http://rc.rcjournal.com/content/early/2021/10/05/respcare.09225 

Airways flow limitation in symptomatic adult cannabis smokers - N. T. Vozoris, T. M. To, C. M. Ryan, C-W. Chow 

Read here 

Do you have research updates, new publications or achievements to share? Send your news to societies@lunghealth.ca 
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A Message from the Editors of the Ontario Thoracic Reviews 
Christopher Li MD, FRCPC, DABSM 

Mark Soth MD, FRCPC   
 

This edition of the Ontario Thoracic Reviews focuses on the dynamic field of Mobile Health (mHealth). While it may seem 

anachronistic to use an ancient term to describe such a modern tool, this is indeed a Byzantine tale of innovation with hubs 

and spokes as complicated as the internet itself, and its share of both scintillating ideas and dispiriting dead ends. Toronto-

based Respirologist and researcher, Dr. Andrew Kouri, guides us through an overview of the fascinating world of mHealth as 

it pertains to asthma care. Dr. Samir Gupta, a Respirologist and clinician-scientist in Knowledge Translation at the University 

of Toronto, also provides us with an insightful editorial to help us frame both the promise and the pitfalls of this emerging 

health technology. 

 

Regrettably, this edition of the Ontario Thoracic Reviews will be the last. The Ontario Thoracic Reviews was the brainchild 

of founding editor Dr. Stan Epstein, and since 1985 it has served as the official publication of the Ontario Thoracic Society. 

Dr. Epstein saw the importance of providing pithy, contemporary reviews of topics relevant to practicing Respirologists, and 

grew the publication from a truly grass-roots level. In the first issue of the publication, he wrote “We are fortunate in Ontario 

in being home to many world class professionals who are involved in the fight against lung disease. Many of these 

individuals are well published in their special interest journals. It is disappointing that their valuable knowledge is not 

widely distributed in this province; especially, to the practicing physicians and consequently to the public suffering from 

respiratory disease…the OTRs can help to remedy this situation by acting as a vehicle for distribution of this fund of 

knowledge.”  

 

In 1993, Dr. Epstein was succeeded by Dr. Bob Hyland, who expanded upon this mandate and continued to showcase some 

of the incredible work being done by both established experts and rising stars in Respiratory Medicine, across the province. 

In 2009, Dr. Hyland passed the editorial baton to us, with the task of ushering in the digital age of the publication while 

seeking to preserve the core mandates set out by our predecessors.  

 

The past two years have seen transformation in the parent organizations that have historically supported and housed our 

publication. In 2020, the Ontario Lung Association became the Lung Health Foundation, and announced an expanded 

national advocacy mandate, with the goal of improving the lung health of all Canadians. Because the new governance 

structure of the Lung Health Foundation can no longer include a professional society, the Ontario Thoracic Society will be 

steering its membership towards the umbrella of our national body, the Canadian Thoracic Society. With these realignments 

– and in light of an increasingly crowded virtual space in Continuing Medical Education – we have decided that our efforts 

going forward are best focused on supporting the Canadian Thoracic Society and its publication, the Canadian Journal of 

Respiratory, Critical Care, and Sleep Medicine. 

 

As editors, we are particularly indebted to Ontario Thoracic Society administrator Ms. Natalie Bennett. Ms. Bennett has been 

a tremendous help with all coordination aspects of the publication, and has done so invariably with a smile – even when 

gentle prodding has been required. To be the last to hold the editorial post of the Ontario Thoracic Reviews is a distinction 

towards which we held no aspirations, but in the words of the philosopher Heraclitus, “Nothing endures but change”, and 

change we must.  It has been a great privilege to have had the opportunity to serve the Ontario Thoracic Society and its 

membership for the last 13 years. We will always be tremendously grateful to the authors for their many contributions, and to 

the readers who have made this publication so meaningful to the Ontario Respiratory Medicine community. 
 

Back to Top 
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Editorial  
Mobile Health:  A Complex Intervention for a Complex World 
Samir Gupta, MD, FRCPC, MSc 

This issue of the Ontario Thoracic Reviews features a comprehensive review of mobile health technologies for asthma, by 

respirologist and eHealth researcher Dr. Andrew Kouri.  

If you are wondering what mobile health is, you are not alone. The term mobile health (“mHealth”) still means different 

things to different people.  According to the World Health Organization, mHealth involves the application of health services 

through mobile technologies -predominantly smartphones and tablets.(1) And although that definition is still crystalizing in 

both health and technology domains, there is no better evidence than the multibillion dollar global health app market that 

mHealth is not just coming – it is here.  If you are a provider, it is one of several technology tools that will hopefully make 

your life easier and enable you to do your job both better and more efficiently. If you are a patient, you are more likely than 

not to already have an mHealth app on your smartphone. 

As Dr. Kouri outlines, potential uses of mHealth can be as diverse as technology allows, which means that there is already an 

eclectic set of use cases, and that applications will continually evolve. A basic tool could simply be a smartphone app that 

patients use to track and monitor symptoms and/or medication use.(2) A more complex software might integrate technologies 

such as a chat bot to help extract and contextualize symptoms through an interface that feels more familiar and less 

clinical.(3) An add-on peripheral hardware device could collect and transmit biometric data to render monitoring more 

granular and accurate.(4) Finally, an “intelligent” system, ideally aided by artificial intelligence algorithms,(5, 6) could 

process patient inputs to predict and even avert worsenings by prompting patients to take corrective measures. Though none 

are in common clinical use, each of these use cases has already been built and studied in both asthma and COPD (with the 

caveat that impacts on patient-relevant outcomes are inconsistent).  

In fact, Dr. Kouri makes a strong case for asthma being a prototypical disease to target with an mHealth intervention - it is 

not only common, but carries an outsized healthcare system burden, that burden is related to well-documented gaps between 

best care and actual care, and many of those gaps can be addressed by the technologies described above: suboptimal inhaler 

technique, environmental trigger exposure, missed inhaler doses, and failure to recognize and act on flare-ups. I would argue 

that the same advantages apply to COPD.  

However, at least as exciting as the potential of these technologies, is how daunting their effective implementation will be. 

The first question we must ask, is “if you build it, will they come?” Most of us can attest to having a graveyard of seldom-

used, forgotten apps on our smartphone. Although initial excitement easily translates into a download, it has proven more 

challenging to get patients to use health apps in a sustained and meaningful way, particularly for intermittent diseases such as 

asthma, which are quickly forgotten in between flares.(7) Challenges are even greater in COPD, where most users would 

have been introduced to smart devices past middle age (if at all). Unlike millennials, to whom smartphones and tablets are not 

only intimately familiar but an essential part of daily life, older adults face barriers relating to technology use, trust and 

acceptance, particularly considering privacy and safety of health information. Although these concerns will evaporate as the 

“Smartphone Generation” ages, they will represent a significant challenge for decades to come.  

If mHealth is to become a staple of high-quality care, we must also address access. With 21% of Canadians reporting a 

mother tongue other than English or French,(8) tools must be made available across languages and cultures. Although 94% of 

Canadian households have fixed broadband Internet,(9) only 84% of Canadians possess a smartphone, leaving 16% on the 

other side of the “digital divide.”(10) Furthermore, many who possess a device experience slow and/or metered data 

connections – whether cellular or wifi. A case in point is that only 24% of indigenous Canadian households have high-speed 

internet access.(11) Although these numbers will gradually improve, our principles of universal and equitable access(12) will 

continue to be challenged for the foreseeable future.   

Lastly, given that mHealth technologies usually “reside” with patients, questions abound regarding if, when, how, and how 

often providers should be included in the patient-technology “loop.” As peripherals and apps become more ubiquitous, there 

will be no shortage of data. But whose responsibility will it be to make sense of these data of varying sorts and qualities? In 

an ideal world, mHealth data could automatically populate electronic medical record system (EMR)-integrated clinical 

decision support systems to guide providers in optimizing evidence-based care.(13) However, even in such a model, 

https://hcp.lunghealth.ca/
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remuneration strategies will require consideration of this increasingly time-consuming activity. And as these applications 

start interfacing directly with EMRs, what will be the medico-legal implications, particularly when high-risk signals arrive at 

odd hours? Finally, given the well-documented relationship between almost universally poor EMR design and physician 

burnout,(14) we must ensure that any new EMR mHealth data interfaces are truly user-friendly. 

 

In summary, mHealth represents an exciting frontier in healthcare which can allow us and our patients to realize the benefits 

of rapidly advancing technology. However, like most worthwhile things in life, success will require work. The coming years 

will hopefully bring much more evaluation, some regulation, and lots of cooperation – including from our patients and from 

us – as both the users and the benefactors of the technology.    
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Feature Article 
Mobile Health in Asthma 
Andrew Kouri, MDCM, FRCPC  

 

Introduction 

 

As smartphones and digital technologies have gradually become integral to our daily lives over the past 20 years, the use of 

these tools in healthcare has also rapidly expanded. Mobile health (mHealth) technologies are now widely used to collect 

heath data, provide patient education, promote health behaviour change, and enhance connectivity between healthcare 

providers and patients.1 In the US, 60% of adults have downloaded one of the more than 300,000 health and wellness apps 

currently available, with more than 200 being added daily.2,3 Investment into digital health is equally booming, with the 

global mHealth app market valued at $12.4B in 2018, up from $4.4B in 2016.2,3 The COVID-19 pandemic has accelerated 

this growth even further, as the widespread move to remote care and monitoring has put a spotlight on healthcare’s “digital 

revolution”.4  

 

In this review, I will conceptualize the mHealth digital revolution as it pertains to the care of adult patients with asthma, 

discussing the current evidence for mHealth in asthma, the challenges this growing field must still overcome, and what the 

future might hold.  

 

What exactly is mHealth? 

 

As with any evolving and innovative field, terminology in the mHealth milieu can occasionally be challenging. Researchers 

will often use the umbrella terms “digital health” or “electronic health (eHealth)” when discussing mHealth, but these are 

broader categories that encompass a wide range of health information technologies from electronic health records to 

telehealth to the Internet and apps.5 For the purposes of this review, we will focus specifically on the use of mHealth, which 

the World Health Organization defines as “the provision of health services and information via mobile technologies, such as 

mobile phones, tablet computers and Personal Digital Assistants (PDAs)”6. A more recent definition that better reflects 

current mobile technology features comes from Dr. Ida Sim, Co-director of Informatics and Research innovation at UCSF’s 

Clinical and Translational Sciences Institute and Director of Digital Health for the Division of General Internal Medicine. In 

her New England Journal review, Dr. Sim defines mHealth as “the application of sensors, mobile apps, social media, and 

location-tracking technology to obtain data pertinent to wellness and disease diagnosis, prevention, and management”.7  

 

Asthma as a target for mHealth 

 

Asthma is one of the most common chronic pulmonary disease in Canada, currently affecting more than 3.8 million 

Canadians over the age of 1. Worldwide, approximately 26 million disability-adjusted life-years are lost annually due to 

asthma, and the yearly economic burden caused by asthma in Canada is in the billions of dollars.8–10 Though effective therapy 

for asthma is widely available, the majority of patients with asthma in Canada remain uncontrolled.11–13 Important care gaps 

at the healthcare practitioner level include inadequate assessment of asthma control, failure to provide patients with asthma 

education and asthma action plans, underuse of spirometry, and failure to address smoking cessation.8,11,14–17 At the patient 

level, major care gaps include insufficient understanding of asthma control, poor adherence to treatments and improper 

inhaler technique, suboptimal environmental control, and non-use of asthma actions plans and self-management 

techniques.8,11,12,16,18 Overall, many of these barriers to optimal care can be framed as failures of knowledge translation 

between evidence-based recommendations and practice, and also as a lack of effective patient education.14,19  

 

mHealth technologies are particularly well suited to help address many of these care gaps in asthma, as they can provide 

clinicians with novel sources of patient information and encourage collaborative care, and they can empower patients with 

tailored education and improved self-management tools.20–22 Applying Dr. Sim’s definition to asthma mHealth, we can see 

that several different categories of mobile interventions may accomplish these goals. To start, there are stand-alone 

applications that can be used on smartphones or tablets. A recent review found that there were over 500 of these apps 

available for download on the Apple and Google Play stores. These apps can have a range of functions, including health 

education, symptom and lung function tracking, environmental alerts, medication reminders, and information sharing.23 The 

next category is inhaler-based mobile electronic devices, which often come paired with a mobile app. These devices can 

monitor inhaler use and adherence, assess technique, and provide reminders for use. Pairing this data with a mobile app also 

https://hcp.lunghealth.ca/
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allows users and their healthcare teams to better track asthma control and understand the context of their inhaler use.23 The 

third category is portable home electronic spirometers, which also frequently connect with a mobile app. This new generation 

of ultra-portable electronic spirometers are intended for home use by patients, and provide reliable measurements of 

spirometry and peak flow.24,25 As with inhaler-based devices, pairing their data with mobile apps allows patients to gain 

insight into their lung function over time and easily share this data with their clinical team.25 This category could also include 

other portable electronic devices that measure lung function such as portable oscillometry or FeNO devices, but these are less 

widely available and not currently suitable for patient self-management applications.26,27 Likewise, there is an exciting field 

of research developing around the use of smartphone microphones to generate spirometry measurements, but they currently 

lack rigorous clinical validation.28–30 The final category is other mobile electronic devices (apart from inhalers and 

spirometers) that can record and track vital signs and physical activity, and connect with associated apps. These devices, such 

as smartwatches that measure oximetry and step count or more sophisticated activity and sleep sensors, are more thoroughly 

studied for COPD telemonitoring,31 but may also be useful in patients with asthma seeking to track their overall health status 

or incorporated into telemonitoring programs.32 It is also important to mention that there is a rich body of literature around 

the use of text messaging (SMS) as a mobile intervention in asthma care, but as SMS doesn’t rely on the Internet or make use 

of the full and complex feature sets of smart-devices available today, SMS-only interventions will be excluded from this 

mHealth review.33 See Figure 1 for real-world examples (Canadian where possible) of each asthma mHealth category. 

 

 

 

 

Figure 1. Examples of the different categories of asthma mHealth  

Category Example (Canadian examples provided where possible) 

Stand-alone apps 

Breathe app, developed by the Centre for Global eHealth Innovation 

at the University Health Network (UHN) 

 
      (Image from https://breathebetter.app/asthma/ ) 

Electronic inhalers with 

connected apps 

BreatheSuite MDI inhaler and app, developed in St. John’s, 

Newfoundland 

 
      (Image from https://www.breathesuite.com/ ) 

https://hcp.lunghealth.ca/
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Electronic portable 

spirometers with 

connected apps 

Spirobank Smart spirometer and app, developed by a multinational 

company (MIR) 

 
      (Image taken by author) 

Other electronic sensor 

devices with connected 

apps 

CloudDx devices and app, developed in Kitchener, Ontario 

 
      (Image from https://www.clouddx.com/) 

 

The evidence for mHealth in asthma 

 

The evidence base for mHealth in asthma is still developing, and there remains significant heterogeneity in the definitions of 

mHealth used across the literature. However, several systematic reviews have been published in the previous 5 years that 

shed light on the current state of asthma mHealth evidence.  

 

The most recent example is a scoping review by Mosnaim et al., which evaluated “digital heath technology interventions” 

overall, including generalized reminder and educational interventions, patient-specific noninteractive interventions (i.e. 

electronic devices without patient feedback or connected apps), and patient-specific interactive interventions (i.e. electronic 

devices with individualized feedback through connected apps).34 Among the third category, which most closely aligns with 

our definition of mHealth, they identified 66 studies, of which 32 described asthma management platforms, 14 described a 

digital inhaler combined with asthma management platforms, and 14 described telemedicine-based interventions. Most 

studies were randomized and lasted longer than 3 months. Their descriptive analysis revealed that more studies reported 

positive effects for medication adherence and asthma control improvement vs. no effect (17 vs. 8, and 31 vs 15, respectively), 

and an equal number of studies found reductions in healthcare use vs. no effect (14 vs. 14).34 It is important to note that 

methodological quality of studies was not assessed.  

  

Another recent and more targeted review by Nguyen et al. sought to evaluate asthma mHealth apps that integrate with 

inhaler-based sensors.35 They identified 6 studies that evaluated 2 systems (the Propeller Health platform and the 

BreatheSmart app) and lasted between 6 and 12 months. Qualitative analysis revealed improvements in maintenance inhaler 

adherence and decreases in reliever medication use, but no significant change in overall asthma control. Risk of bias was 

variable across the studies, and no studies reported on asthma exacerbations, asthma-related quality of life, or pulmonary 

function.35  

 

A 2019 systematic review and meta-analysis by Jeminiwa et al. examined the effects of all types of eHealth interventions on 

medication adherence in asthma.36 They included 6 mHealth studies: 4 that evaluated electronic inhaler monitoring devices 

with apps and audiovisual reminders, and 2 studies of text-messaging alone. Studies lasted between 3 and 9 months. Meta-

https://hcp.lunghealth.ca/
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analysis found a significant effect on medication adherence to inhaled steroids across mHealth studies with electronic inhaler 

monitoring and self-reports.36 Significant heterogeneity was again noted between studies.           

  

A 2018 review of portable electronic spirometers for asthma self-management by Carpenter et al. shed light in this mHealth 

category.25 They identified 16 commercially available electronic spirometers, 25% of which were FDA-approved and 

reported accuracy consistent with American Thoracic Society (ATS) standards. All devices could connect with smartphone 

apps, and cost ranged from $100 to $1000 USD. Unfortunately, no peer-reviewed clinical outcome data was available for 

analysis at the time of publication.25 

  

A 2017 systematic review and meta-analysis by Miller et al. sought to evaluate the effect of “mobile technology 

interventions” on asthma medication adherence, self-monitoring, and clinical health outcomes.37 They identified 4 studies 

using a stand-alone mobile app platform for symptom self-monitoring and asthma action planning, as well as 7 using text-

messaging only. Study duration was between 3 and 12 months overall. Meta-analysis of these studies together showed a 

positive overall effect on medication adherence compared with standard treatment, as well as higher standardized quality of 

life, lower mean percentage of unscheduled visits, and increased well-controlled asthma levels. No effects on lung function 

were found.37 Risk of bias was mostly low or unclear. 

  

Hui et al.’s 2017 systematic review and meta-analysis of “information and communication technology” for asthma identified 

3 studies of mobile phone apps (which focused on self-monitoring and asthma action plan provision), 4 of Web apps, 3 of 

text-messaging only, 1 of an electronic inhaler connected with a Web app, and 1 customized monitoring system connected by 

telephone line.38 Study duration was between 3 and 18 months. Meta-analysis, which included 1 mobile app study and 2 Web 

app studies, demonstrated significant improvement in asthma control using the Asthma Control Questionnaire (ACQ), but the 

confidence interval did not include the minimum clinically important difference of 0.5. Otherwise, no significant effects were 

found overall for quality of life and asthma exacerbations.38 Risk of bias was low or unclear for most studies.    

  

Farzandipour et al.’s 2017 systematic review focused specifically on mobile apps for asthma, excluding mobile devices used 

only to send text messages, to access Web sites, or make phone calls.39 They identified 10 studies of stand-alone mHealth 

apps, with multiple functionalities including self-monitoring, education, reminders, and communication between patients and 

their healthcare providers. Studies lasted between 2 and 6 months. Descriptive analysis revealed that asthma control, lung 

function, and quality of life improved significantly in most studies that included these outcomes. Only 40% of the studies 

were considered of strong methodological quality.39    

  

Finally, a 2016 systematic review and meta-analysis from McLean et al. searched for randomized controlled trials of 

“interactive digital interventions” in asthma, identifying 5 studies including 2 using mobile phone apps, 2 using Web apps, 

and 1 using interactive phone voice response.40 Study duration ranged from 2.5 to 12 months. Meta-analysis of 2 of the trials, 

including one of the mobile phone app studies, showed significant improvement in asthma-related quality of life and asthma 

control.40 Studies were all randomized controlled trials but various methodological issues were nonetheless noted. 

  

Overall, the current evidence does suggest a consistent positive effect of asthma mHealth interventions towards medication 

adherence, asthma-related quality of life, and asthma control. However, there is only limited data in terms of exacerbations, 

healthcare utilization, and lung function. Heterogeneity across studies, lack of long-term data, and inconsistent definitions of 

mHealth in each review also make it challenging to draw firm conclusions about the true clinical effectiveness of asthma 

mHealth.  

 

Challenges to address 

 

Based on the review of evidence presented, one obvious challenge for asthma mHealth moving forward is to establish clear 

and consistent definitions to facilitate future much needed rigorous research into longer-term clinical effectiveness.23 

However, it can often be difficult to translate conventional effectiveness study designs to digital health technologies, as 

applications and functionalities are constantly being updated and refined, and technology developers are eager to take their 

products to market. To address this, innovative regulatory and evaluatory frameworks need to be developed. One example is 

the US Food & Drug Administration’s (FDA) pre-cert program, part of the Digital Health Innovation Action Plan.41 This 

program streamlines approval of digital tools through evaluation of software development companies themselves, providing 

pre-certification to trusted companies with a history of high quality development, combined with ongoing real-world product 
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performance evaluation.23,41 Health Canada released a draft guidance document in 2019 outlining a similar plan to regulate 

digital tools and apps according to a risk-based classification system.42 Another way to ensure mHealth quality and 

effectiveness is through the creation and maintenance of official trusted application libraries, like the UK’s National Health 

Service “Apps Library”, which currently lists more than 70 “NHS approved” medical apps across a range of conditions.43 In 

order to be included in the NHS library, apps must be accessible, high-quality, safe, usable, and supported by published 

evidence.3   

  

A further obstacle for asthma mHealth is the current lack of theory-based research in the development cycle. Recent reviews 

by Ramsay et al. and Tinschert et al. found that among 23 and 38 publicly available stand-alone asthma self-management 

apps, a mean of only 4 and 7 validated behaviour change techniques were incorporated into apps, respectively.44,45 User-

centered iterative design methods and theory-based persuasive design and behaviour change principles need to be more 

deeply incorporated into the mHealth research cycle,46 as research has shown that chronic respiratory disease interventions 

that include behaviour change theories in their development are more effective.47 mHealth also represents an opportunity to 

further the field of behaviour change science through the real-time collection of rich behavioural data, possibly allowing for 

future personalization of digital behaviour change interventions.48  

  

We must also strive for mHealth interventions that are usable and accessible for all populations with asthma, including those 

that are traditionally underserved by our healthcare systems. For example, asthma is rising in prevalence in older populations 

in Canada,9 and older patients with asthma suffer disproportionately from asthma morbidity and mortality compared to their 

younger counterparts.49–51 Though mHealth interventions could potentially address many of the barriers to optimal care in 

older adults with asthma, little is currently known about the effectiveness of mHealth in this population, as most existing 

studies have not included patients above the age of 65.37,40,52 Furthermore, trials that have included older patients with asthma 

have found decreased acceptance levels of mHealth among older patients, suggesting that older adults may have a negative 

perception of these digital tools.53 Beyond concerns related to older adults, effective digital solutions going forward will also 

need to pay particular attention to language and access barriers, disability, and cultural differences, as all of these may 

influence equitable use of digital health technologies.54,55        

  

As mHealth tools become more ubiquitous in asthma and other health conditions, data privacy and security issues will also 

need to be considered. For example, in 2017, the NIH was severely affected by the “WannaCry” ransomware attack, which 

affected over 600 organizations and locked out affected hospitals from their digital systems and medical devices.56 To 

mitigate the future possibility and damage from such attacks, the US FDA has incorporated “cyber security by design” 

principles into their recent Medical Device Safety Action Plan, which compels digital health manufacturers to document the 

inner workings of their software and discuss potential vulnerabilities a priori through a cybersecurity bill of materials 

(CBOM).57 

  

Other challenges that will also need to be addressed include clear cost and remuneration frameworks pertaining to asthma 

mHealth use and interpretation, medico-legal liability issues related to the real-time generation of health data, and 

interoperability challenges with existing electronic health systems.58,59   

 

Future possibilities for asthma mHealth 

 

The COVID-19 pandemic was in many ways a lens into the potential future of mHealth in asthma and overall. As clinicians 

across the world rushed to implement virtual care solutions where possible, mHealth and other digital health solutions 

became important adjuvants to virtual care, as physical examination and many other essential tests were no longer safe.4 In 

asthma, for example, clinicians had to contend with the loss of pulmonary function testing, and mHealth tools like home 

electronic spirometers and self-management mobile apps were one available avenue to accurately collect physiologic and 

clinical data remotely.60 mHealth apps also became central to our management of the pandemic itself, through telemonitoring 

programs like Covidom in France, which leveraged mobile questionnaires to triage and follow at-risk and COVID-positive 

patients, as well as to provide real-time evolving patient guidance and education.61 These expansive programs may provide a 

model for future virtual care and telemonitoring efforts in asthma and other chronic respiratory diseases.  

  

As mHealth use in asthma grows, the use of apps and connected devices will also generate a completely novel stream of 

patient-specific digital data. If validated and regulated appropriately, these new “digital biomarkers” may generate new and 

valuable clinical insights and research opportunities, and may be able to contribute to effective personalization of care.62 
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These potentially massive personalized data streams, if used responsibly, may also be amenable to machine learning and 

artificial intelligence approaches, further elucidating new clinical and research possibilities.34   

 

Conclusion 

 

mHealth in asthma here undoubtedly here to stay, as investment into mHealth continues to grow in line with patient demand. 

In a national survey in 2020 commissioned by Canada Health Infoway, a large majority of people surveyed wished to use 

technology to manage their health and believed healthcare technology should be a top priority for government investment.63 

However, despite those numbers, nearly 60% still felt they lacked knowledge about digital health technology and services. 

This is where we as clinicians and researchers are needed – to inform and guide our patients and public policy makers about 

the benefits and the risks of mHealth. To start, clinicians should ask their patients with asthma if and how they are currently 

using mHealth. If they are, we should ensure that they are using safe and effective apps and tools, which meet the criteria of 

“prescribable mHealth”.64 The Canadian Medical Association has also created a guidance document to help clinicians 

counsel their patients about mHealth.65 As stewards of medical education, we must also consider how we will incorporate 

mHealth into the medical curriculum, as the next generation of clinicians and researchers will require a nuanced 

understanding of mHealth to better serve their patients and promote greater population digital health.    
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Better Breathing 2022 
 

 

 

The 39th annual Better Breathing Conference will take place from Wednesday January 26 to Friday January 28, 2022 as 

part of a larger Better Breathing Week. Pre-Conference sessions include Policy Forums on Airways disease asthma, COPD, 

Lung Cancer, and Infectious Respiratory Disease; the ORCS Research in Action: a Celebration of Achievements; and a TB 

Gathering. Once again, Better Breathing Week will be delivered virtually.  

Many thanks to Dr. Geneviève Digby and the planning committee for their help in developing such an excellent program 

even in the face of the unprecedented difficulties caused by the pandemic. 

Popular traditional programming will return, including the Respirology Year in Review, the venerable André Péloquin 

clinical case series, and the Resident Case Presentations.  

 

More information, including the program and the link to register are available at betterbreathing.ca.  

Registration will remain open until Friday January 28, 2022 upon conclusion of the conference. Be sure to register for any 

sessions you may like to view even if you can’t attend as recordings will be made available for 3 months upon conclusion of 

the conference only to those who’ve registered to attend. 

 

We look forward to seeing you there! 
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Events and Education 

The Lung Health Foundation hosts various continuing medical education programs including 3 annual conferences (Better 

Breathing, Respiratory Health Forum, and TB) and periodic webinars on a wide range of topics related to respiratory lung 

health, many of which are Mainpro+ certified. For more information or to set up a workshop for your healthcare team or 

organization please contact pep@lunghealth.ca. 

 
 

Recordings of past educational webinars can be found in our archives. 

 

 

 
 

To see what RESPTREC courses are currently available and to register, please visit www.resptrec.org. 

 
Publications Arising from Previous Research Awards 
 
Spatial Dependence of CT Emphysema in Chronic Obstructive Pulmonary Disease Quantified by Using Join-Count 

Statistics - Sukhraj Virdee, Wan C. Tan, James C. Hogg, Jean Bourbeau, Cameron J. Hague, Jonathon A. Leipsic, Miranda 

Kirby  

https://pubs.rsna.org/doi/10.1148/radiol.2021210198 

 

Development and validation of an open-source, disposable, 3D-printed in vitro environmental exposure system for 

Transwell culture inserts - Abiram Chandiramohan, Mohammedhossein Dabaghi, Jennifer A. Aguiar, Nicholas Tiessen, 

Mary Stewart, Quynh T. Cao, Jenny P. Nguyen, Nima Makhdami, Gerard Cox, Andrew C. Doxey, and Jeremy A. Hirota  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7882787/ 

 

Expression of endocannabinoid system components in human airway epithelial cells: impact of sex and chronic 

respiratory disease status - Matthew F. Fantauzzi, Jennifer A. Aguiar, Benjamin J.-M. Tremblay, Michael J. Mansfield, 

Toyoshi Yanagihara, Abiram Chandiramohan, Spencer Revill, Min Hyung Ryu, Chris Carlsten, Kjetil Ask, Martin Stämpfli, 

Andrew C. Doxey, and Jeremy A. Hirota 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7737429/ 

 

Risk of asthma in children diagnosed with bronchiolitis during infancy: protocol of a longitudinal cohort study linking 

emergency department-based clinical data to provincial health administrative databases - Kawsari Abdullah, Deshayne 

B Fell, Dhenuka Radhakrishnan, Steven Hawken, David W Johnson, Piush Mandhane, Teresa To, Gary Joubert, Amy C Plint 

Read here 

 

Development and validation of a mouse model of contemporary cannabis smoke exposure - Matthew F. Fantauzzi, Steven 

P. Cass, Joshua J.C. McGrath, Danya Thayaparan, Peiyao Wang, Martin R. Stampfli, Jeremy A. Hirota 

https://www.biorxiv.org/content/10.1101/2021.02.11.430865v1 
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Respiratory Symptoms Are Associated With Frailty in Older Adults With Normal Spirometry, Independent of Smoking, in the 

Canadian Longitudinal Study of Aging - Chris P Verschoor, Robert E Dales, MyLinh Duong, Caitlyn Bourque, Oxana 

Mian, Jinhui Ma and Lauren E Griffith 

http://rc.rcjournal.com/content/early/2021/10/05/respcare.09225 

 

Airways flow limitation in symptomatic adult cannabis smokers - N. T. Vozoris, T. M. To, C. M. Ryan, C-W. Chow 

Read here 

 

Do you have research updates, new publications or achievements to share? Send your news to societies@lunghealth.ca 
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