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Importance of Physical Activity and Exercise for Patients
with Chronic Lung Disease

Aerobic exercise is important to combat the deconditioning that occurs in patients
with chronic lung disease who characteristically experience breathlessness, which
leads to a downward spiral of sedentary behavior, physical inactivity, muscle decon-
ditioning, and functional disability [1-4]. Even the smallest incremental increase in
exercise can lead to improvements in symptoms. Besides improving or maintaining
exercise capacity and minimizing deconditioning, aerobic exercise has additional
benefits of improving mood, health-related quality of life (HRQoL), and preventing
or managing comorbidities [5]. For specific chronic pulmonary problems, regular
exercise can reduce symptoms of dyspnea and pain in COPD [6], help manage
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secretions in patients with cystic fibrosis [7], and aid weight management in patients
with asthma [8]. However, due to limited research, the role of exercise in the long-
term management of interstitial lung disease and pulmonary hypertension is less
clear [9, 10]. Traditionally, pulmonary rehabilitation (PR) has been the standard of
care to deliver aerobic exercise in a supervised setting. By reducing overall muscle
deconditioning, PR programs minimize symptoms and optimize exercise capacity
despite chronic obstructive or restrictive ventilatory deficits [11].

More recently, the focus has shifted from aerobic exercise and has also included
lifestyle physical activity (PA), such as walking, and interventions to promote PA
that can be brought directly to the patient. Several factors have aided this shift,
including the emergence of activity monitors to directly measure parameters such as
daily step counts in the home setting [12—14], recognition of the major problem of
access to conventional center-based PR programs [15], emergence of mind—body
exercise programs [16], and data supporting that every step counts [17-24]. In this
chapter, we review the role of technology to promote PA in normal healthy individu-
als, and then assess its role in addressing access and adherence to PA promotion—to
bring PA programs directly to the patients and enhance long-term engagement in
PA—in patients with chronic lung disease. Because the most work has been pub-
lished in the use of technology-based PA interventions in persons with COPD, we
focus on COPD and refer to other chronic pulmonary diseases when data are avail-
able. Lessons learned in the healthy population and patients with COPD can be
applied to other chronic pulmonary diseases.

Persons with COPD with Higher Levels of Physical Activity
Have Better Outcomes

Engagement in PA, assessed by questionnaire or directly measured with accelerom-
etry, is a modifiable health behavior that affects COPD-specific outcomes, indepen-
dent of lung function [17-24]. Even at the early stages of disease, persons with
COPD spend significantly greater amounts of time being sedentary, and thus
reduced time in PA, compared to healthy subjects [25-27]. COPD is also associated
with aging-related comorbidities such as cardiovascular disease, diabetes mellitus,
and osteoporosis—all of which may further contribute to functional limitations
[28, 29].

Persons with COPD with a higher daily step count have a significantly lower risk
of dying, independent of forced expiratory volume in one second (FEV,) [18-20,
30]. Persons who walk the least at study entry have risks that are 2 and 6 times
higher for exacerbations and COPD-related hospitalizations, respectively, com-
pared to those who walked the most over a median follow-up of 16 months [21].
Patient self-report of any moderate to vigorous PA predicted a lower risk of 30-day
hospital readmission after an index COPD hospitalization, compared to those who
reported no moderate to vigorous PA [22]. These studies of daily step count, of any
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amount and intensity, support that every step walked can positively impact the dis-
ease course [18-24]. Based on these compelling observational studies, the Global
Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines recommend
regular PA for all persons with stable COPD as standard of care [1].

Limitations of Conventional PR and Need
for Technology-Based Interventions to Address Access
and Adherence

The current standard of care to promote PA can be broadly separated into (1) PA
counseling and (2) referral to conventional, supervised PR (PR) [11, 31]. Brief, epi-
sodic general advice to increase PA from a healthcare professional has limited success
[31]. Conventional, supervised PR programs clearly reduce breathlessness and
improve HRQoL and exercise capacity [11]. Although PR is an integral part of the
clinical management of patients with COPD, PR programs face three significant
problems: (1) in many regions, most patients who would benefit from PR cannot
access it; (2) most patients who are offered to engage in PR prefer not to commit to a
program that runs two to three times per week and requires a significant time commit-
ment; and (3) there is no effective strategy to maintain engagement in PA and benefits
after patients complete a PR program [32, 33]. Programs are available to only a small
fraction of patients with COPD. As outlined by the European Respiratory Society’s
COPD audit, 50% of European respiratory units have access to PR and only 30% of
eligible patients receive PR [34]. The American Association of Cardiovascular and
Pulmonary Rehabilitation website lists 561 certified PR programs in the United States
for the estimated 16 million Americans diagnosed with COPD [11]. Less than 13% of
the potential candidates who would benefit from PR are referred by their healthcare
professionals [33, 35]. An analysis of over 33,000 Medicare beneficiaries with COPD
from January 1, 2003, to December 31, 2012, showed that only 1,239 persons (3.7%)
used PR in 2012, with a dismal increase in utilization of 1.1% over the 10 years [36].
There is geographic disparity in availability since most programs are located at ter-
tiary care centers and require patients to travel to the program 2-3 times a week [35,
37,38]. This is a significant issue as highlighted in the National Emphysema Treatment
Trial, which demonstrated that participants who lived >36 miles from the treatment
facility were less likely to complete PR [39, 40].

For those who do complete conventional PR, there is no standardized interven-
tion to maintain PA and thereby the benefits of PR [11, 32, 41-43]. PR programs,
typically 9—12 weeks in duration, focus on short-term aerobic fitness and exercise
capacity; they do not consistently result in sustained increases in PA assessed by
community-based walking [44]. Only 41% of persons described themselves as reg-
ular walkers in the year after completion of PR [45]. In the absence of a mainte-
nance strategy to motivate behavior change, gains in exercise capacity and HRQoL
diminish toward pre-intervention levels as early as 3-6 months after program
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completion [11, 46]. These data support that novel interventions are needed to (1)
bring exercise programs directly to the patient to improve access to PA promotion
interventions and (2) promote engagement in PA and exercise anytime anywhere to
maintain adherence to this behavior change over the long term.

Social Cognitive Theory Can Guide Technology-Based
Strategies to Enhance Engagement in Physical Activity

A plethora of behavior change interventions have been designed to improve PA not
only in healthy adults but also in patients with complex chronic conditions [47].
Many of these interventions have been delivered in face-to-face settings, which can
be expensive and inhibit large-scale implementation [48, 49]. Therefore, easily
deliverable, efficacious, and cost-effective interventions are needed to improve PA
[49]. Technology-based platforms (e.g., internet, mobile devices, smartphone apps,
pedometers) are increasingly being recognized as a potentially promising approach
to increase PA [50]. These technologies can also be implemented in combination
with face-to-face contacts or tele-coaching applications providing a mix of person-
alized contact and technology support.

Developing and testing best practices to leverage technology to promote PA in
pulmonary populations begins with the understanding of relevant theoretical mod-
els of behavior change. One frequently adopted model is the social cognitive theory
(SCT [51-54], also described in Chap. 6). SCT includes both strategies and con-
structs on how to educate, empower, guide, and motivate people to adapt health-
promoting habits and reduce unhealthy habits [53]. SCT considers both how
individuals learn and maintain behavior, and the social environment in which the
behavior is performed. Many theories that are used in PA promotion research focus
on initiating behavior, with limited consideration to maintaining that behavior [53,
55]. SCT is distinct in that it aims to explain how one regulates behavior to achieve
and maintain goal-directed behavior [53].

The key constructs of SCT include (1) self-efficacy, (2) knowledge, (3) outcome
expectations, (4) goals, and (5) facilitators and barriers [52, 53]. Self-efficacy is the
central construct in SCT because it directly influences behavior, through one’s
beliefs in his/her ability to apply skills effectively in different situations, and can
influence one’s goals, outcome expectations, and barriers and facilitators [53, 55].
Knowledge of the health risks and benefits of different behaviors (e.g., risks and
benefits of physical inactivity) can impact whether one engages in that behavior.
Knowledge of health risks and benefits may encourage possible behavior change;
however, these are not sufficient to initiate behavior change [53]. Self-efficacy
refers to one’s confidence to perform healthy behaviors (e.g., confidence to walk
30 minutes a day). Outcome expectations refer to one’s anticipated costs and bene-
fits of different health habits (e.g., expecting to fall or become short of breath during
PA). Goals (e.g., walking 3,000 steps a day) and concrete plans for how to achieve
those goals (such as joining a walking group that meets weekly) are critical for
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behavior change. Finally, perceived barriers (e.g., not having the environmental
resources to safely walk) and facilitators (e.g., a friend to walk with) can strongly
influence behavior change and maintenance [53]. SCT posits that these constructs
all interact with one another, known as reciprocal determinism [53]. Self-efficacy
influences outcome expectations and barriers/facilitators, and all five constructs
influence goals. Similarly, all constructs influence behavior and motivation.

Understanding an individual’s level of self-efficacy and knowledge, unique out-
come expectations, goals, and perceived facilitators and barriers is critical for pro-
moting engagement in PA. Through this understanding, interventions can be tailored
to the individual in a stepwise manner [53]. For example, self-efficacy is one of the
most consistently identified determinants of PA behavior [56]. If someone has a
high sense of self-efficacy and positive outcome expectations for behavior change,
they are likely to engage in PA with minimal guidance or support. On the other
hand, individuals who are not confident in their ability to engage in PA and expect
adverse consequences to engaging in PA will need more supportive interventions
that are personalized to their specific barriers [57].

Albert Bandura, the pioneer of modern-day SCT, emphasizes three critical
strategies to support the five constructs of SCT—providing social support, goal-
setting and feedback, and barrier reduction [53]. Here, we describe how technol-
ogy can be leveraged to deliver social support, goal-setting and feedback, and
barrier reduction strategies, which may be helpful in overcoming common barri-
ers to regular PA in both general and pulmonary populations. Technology also
offers the ability to provide patients with continued support for behavior change
in between healthcare professional visits. McEwan and colleagues [58] found
promising evidence in a systematic review that PA interventions were effective
regardless of whether the intervention was delivered in-person, via technology, or
using a mixture of the two, suggesting that technology-based interventions, unlike
many face-to-face studies, have the added benefit of being accessible anytime,
anywhere and improving the reach of these interventions beyond that which can
be done in person [58, 59]. We begin by examining literature from general, rela-
tively healthy adults.

Strategy 1: Social Support

Social support, including encouragement and/or competition (e.g., trying to get
more steps per day) from friends or family members, can increase engagement
and adherence in PA interventions [60-64]. A recent meta-analysis concluded
that higher social support specific to PA is associated with greater engagement in
PA. SCT suggests that social support is beneficial only if it bolsters self-efficacy
[54]. However, social support that fosters social dependence can undermine
one’s ability to cope and can be detrimental to behavior change success [53, 65].
Receiving support from others may pose a threat to one’s sense of autonomy and
self-efficacy [65]. Thus, it is best to provide social support and guidance that is
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conducive to self-efficacy enhancement for personal success [66]. For example,
before deciding to offer social support, providers of social support should assess
recipients’ current level of self-efficacy and ask if they would like to be helped.
Additionally, providers of social support should be trained to recognize and sup-
port recipients’ autonomy [65] (e.g., listen to patients, explain how they have
taken personal circumstances, concerns, and preferences into account in their
recommendations, enable patients to query and if necessary correct their under-
standings about them, and ensure that patients feel they could choose against the
recommendation without jeopardizing their ongoing care) [67].

Social support will be effective only if the user has members within his/her social
circle with whom he/she can connect. Many older adults or adults with chronic
disease face problems of social isolation, due in part to limited mobility or geo-
graphic isolation [68, 69]. As such, interventions that can leverage technology to
help connect users to others would be helpful to facilitate social connections and
encourage lasting changes in behavior. When using technology in patients, it is
advised to verify whether these social networks are secure; for example, ensuring
compliance with general data protection regulations in Europe.

Strategy 2: Goal-Setting and Feedback

Goal-setting has been a prominent intervention strategy to increase motivation and
effect behavior change. Technology can be used to set automated gradual and real-
istic exercise goals in interventions that are personalized to the participant. A previ-
ous meta-analysis that examined interventions that compared goal-setting to no
goal-setting found evidence for a significant increase in PA [58]. The attainment of
goals can be enhanced by incorporating feedback, appropriate strategies to help
attain said goals, and rewards or incentives [70]. Effective interventions should
encourage setting realistic goals; the popular goal to walk 10,000 steps a day is not
feasible for everyone, nor is it an evidence-based goal [71]. Gradual, small goals are
more effective for long-term engagement compared to larger goals. When people
are successful in meeting smaller goals, they can build momentum and over time
will be more likely to reach larger goals.

Feedback of goal-achievement is another critical component for maintaining
engagement in PA. Feedback can be as simple as letting the patient see their steps
in real time (e.g., using a pedometer that displays step counts), or as sophisticated
as providing dedicated visual and tailored feedback indicating if one achieved
their goal or not (e.g., a website that uses an algorithm to tailor PA goals based on
previous activity). Technology can provide feedback as a convenient means for
informing, enabling, motivating, and guiding people in their quest to make life-
style changes. Personalized feedback can be adjusted to participants’ efficacy
level, unique barriers to their lives, and the progress that they are making.
Technology can be leveraged to provide personalized feedback that occurs more
frequently than would feedback from a healthcare professional at episodic clinical
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visits. This personalized feedback may be especially effective in encouraging indi-
viduals to monitor their own activity and make behavioral changes [60, 72-74].
The ability to view successful behavior change by tracking one’s own activity
levels and exercise behaviors can motivate steady progress toward goals, while
increasing self-efficacy.

Strategy 3: Barrier Reduction

There are many barriers to engaging in PA, including a lack of time, cost, pain or other
symptoms, environmental (e.g., climate or geographical), or lack of enjoyment/will-
power [75]. Perceiving certain barriers as insurmountable can foster helplessness;
interventions should focus on trying to minimize the patient- and disease-specific bar-
riers to PA. Interventions that specifically try to reduce the perception of these barriers
(e.g., perceived lack of time [76]) can increase PA. Based on cognitive behavioral
strategies, interventions that reframe or motivate one to overcome barriers (e.g., cog-
nitive restructuring, emotional regulation), misconceptions, and negative expectancies
can be successful promoting PA [77]. Technology-based interventions can help par-
ticipants overcome access barriers such as the time required and/or transportation
needed to travel to traditional, in-person PA intervention programs. Additionally, tech-
nology can provide easily personalized strategies to help overcome perceived barriers
to PA (e.g., too tired, lack motivation, lack skills) [78].

Applying These Strategies in Pulmonary Populations

The use of technology is proving valuable for supporting PA engagement in pul-
monary patients. Many of the lessons learned from the large body of research on
behavior change and technology-mediated PA interventions in generally healthy
adults can be applied to patients living with pulmonary diseases. Along with
many of the same psychosocial and behavioral barriers to PA that relatively
healthy adults face, barriers to PA in patients with pulmonary diseases are com-
pounded by disease-specific symptoms (i.e., dyspnea, fatigue). SCT can be simi-
larly applied to create technology-based platforms that encourage PA and other
self-management behaviors in pulmonary disease. As described above for gener-
ally healthy adults, SCT-driven, multicomponent interventions, which combine
strategies that foster social support, goal-setting, feedback, and barrier reduction
are likely to increase daily PA in pulmonary patients as well [79]. Below, we
detail previously published technology-mediated interventions that have been
used to promote PA in pulmonary populations and the relevant SCT components
that were included in the intervention. Importantly, many of these interventions
have utilized more than one of these strategies as a multicomponent intervention.
Details as to which components were involved in which interventions are pre-
sented in Table 8.1.
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Strategy 1: Social Support

Patients with pulmonary disease face limitations related to chronic conditions,
which may result in social disconnectedness or social isolation [80], making strate-
gies that foster social support potentially even more important for effective PA inter-
ventions. In a recent cross-sectional study, social support was significantly related
to change in patients’ daily step counts [81, 82]. Research that randomly assigned
patients with COPD to receive a telehealth self-management intervention found sig-
nificant improvements in perceived social support and a significant decrease in dys-
pnea compared to those who did not receive the telehealth intervention [83]. In
another trial, researchers utilized web-based education modules with weekly live
chat sessions, which were designed to increase peer support in patients with
COPD. While COPD patients’ perceptions of general social support did not signifi-
cantly increase, participants did report that they felt supported to either start or
maintain their exercise programs and significantly increased their duration of endur-
ance exercise per week [84].

Strategy 2: Goal-Setting and Feedback

Setting meaningful and achievable goals facilitates PA in pulmonary patients, as
documented in a systematic review of PA interventions [85]. Meaningful goals
should be important to the patients. These goals can be based on a patient’s func-
tional performance, energy levels, muscle mass, strength, body weight, psychoso-
cial well-being, and resistance to illness, as well as symptoms [85]. Having
meaningful goals (e.g., playing with grandchildren) has been identified as a motiva-
tor for PR attendance and PA engagement [85, 86]. Along with meaningful goals,
goals should be realistic. If a patient with COPD has been walking an average of
only 2,000 steps a day, asking them to instantly increase to 10,000 is unrealistic and
demotivating. For example, patients with COPD who just completed 3 months of
PR were randomly assigned to use a smartphone to track their PA against goals set
by a physiotherapist [87]. Interestingly, there was no significant increase in PA [87].
It is possible that because patients had just completed PR and likely already signifi-
cantly increased their PA, asking them to increase their PA even more was not an
attainable goal. Setting such unrealistic goals that patients cannot achieve can be
detrimental to their self-efficacy [53].

Providing feedback related to patients’ PA goals is an effective intervention strat-
egy in pulmonary patients. In another RCT, “It’s LiFe!,” a feedback tool was devel-
oped that integrated an activity tracker, smartphone, and website for patients with
COPD and/or type-2 diabetes that measured activity behavior and automatically
generated feedback to the patient and healthcare professional [88]. Patients using
the tool engaged in significantly more minutes of exercise a day (approximately 12
minutes) [88]. Goal-setting and feedback are strongly tied to one’s self-efficacy.
Providing patients with feedback regarding their PA goals provides them with
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evidence that it is within their power to be more active. Through feedback, suc-
cesses can build and strengthen self-efficacy, and positive outcome expectations can
provide patients with incentives to continue to be active [55]. In a recent RCT,
patients with COPD were randomly assigned to receive a web-based intervention
that provided personalized goals based on recent activity levels in real time, with a
graphical display of step counts to provide patients with feedback in relation to their
step-count goal [89]. Compared to patients who were not given the intervention,
participants significantly increased their levels of PA [89]. The use of technology
provided patient with immediate and visual feedback.

Strategy 3: Barrier Reduction

Usual barriers to PA can be compounded by disease-specific barriers. A systematic
review found the following barriers to PA for patients with COPD: coping with
changing health status, particularly the limitations of breathlessness and related fear
of breathlessness; lack of support and encouragement from others; practical diffi-
culties of access to structured PA intervention programs; and perceived or actual
difficulties with the requirements of the programs themselves [85]. In another cross-
sectional study, worries about becoming short of breath, needing to use inhalers,
and oxygen levels becoming low were the most commonly reported barriers to
being active in a sample of patients with COPD [90]. These concerns about becom-
ing short of breath and needing to use an inhaler were significantly related to less PA
[90]. Barriers to PA may be related to disease complexity (managing a chronic dis-
ease or comorbidities) [85, 86], aging, prior negative experiences with PA or PR,
limitations in oxygen therapy [86], or environmental challenges (weather, timing
and location of PA interventions, transportation, finance) [85, 86]. A recent RCT of
a web-based PA intervention in patients with COPD demonstrated significant main-
tenance of PA despite barriers due to seasonal variations [89]. Indeed, this interven-
tion did provide content on ways to walk despite bad weather (e.g., on a treadmill or
in a mall) [89]. Interventions that do not necessarily increase PA can still be effica-
cious if they can maintain PA, as delaying the natural or cyclical progression of
declines in PA that can occur with chronic disease is critical for health outcomes.

Strategy 4: Disease Education

In addition to the behavior change techniques guided by SCT—social support, goal-
setting and feedback, and barrier reduction—patients living with complex chronic
pulmonary diseases would also benefit from disease education to help reduce the
perception of potential barriers and encourage better self-management. Traditional
in-person visits are episodic and do not offer continuous support and education;
technology-mediated platforms can help to make disease education and barrier



8 Technology to Enhance Engagement in Physical Activity 143

reduction more continuous and supportive. Advancements in healthcare have led to
more people living with chronic conditions for longer amounts of time. Increased
attention has been placed on developing effective approaches to manage chronic
symptoms to maintain patient independence and HRQoL [91]. Approaches to man-
aging chronic conditions are now emphasizing the crucial role that patients play in
guiding their own health and disease trajectory [91]. Self-management strategies
can be effective across a variety of different diseases, including controlling symp-
toms and disability, monitoring physical indicators of disease/disability, handling
complex medication regimens, adjusting to difficult lifestyle adjustments, engaging
in valuable interactions with healthcare professionals, maintaining a healthy diet,
and engagement in PA [92]. Therefore, interventions that are developed to enhance
self-management behaviors, such as PA, would benefit from incorporating disease
and self-management education. Technology can be used to guide patients to take
initiative in their healthcare. In a multisite trial, patients with COPD used a smart-
phone to access tailored and regularly updated disease and self-management infor-
mation [93]. At one of the sites, patients in the technology-mediated intervention
significantly increased and maintained at follow-up how far they walked in the
6-minute walk test (6MWT) by about 8% [93]. In another trial that utilized a web-
site to deliver a dyspnea self-management intervention for patients with COPD,
patients received web-based education modules, which resulted in significant
improvements in knowledge of dyspnea management strategies [84]. Technology-
based strategies, anywhere, any time, and in the comfort of their own home, can
educate patients about their disease and proper self-management strategies. This
can enable them to take initiative in their own healthcare, thus increasing their sense
of self-efficacy and facilitating behavior change [53]. It is important to note the
patient’s perception of usability (e.g., web interface) is an important predictor of
engagement [94]. Therefore, healthcare professionals and researchers alike should
involve eHealth specialists to develop effective, usable interventions.

Multicomponent Interventions

Multicomponent interventions that use more than one strategy (e.g., social support,
goals and feedback, barrier reduction, disease education) to try to improve partici-
pants’ knowledge, self-efficacy, outcome expectations, goals, and perceived facili-
tators and reduced perceived barriers are more effective than interventions that use
only one component to try to improve PA [53, 54, 57]. However, as multicomponent
interventions can be burdensome and costly, technology can be leveraged to deliver
many components at once. One study, Taking Healthy Steps (THS [95-97]), used a
website intervention based on the Theory of Self-Regulation, which used goal-set-
ting via a pedometer plus a website that provided individualized step-count goals,
iterative step-count feedback, education on disease self-management and motiva-
tion, and an online community of social support. Patients with COPD, who used a
pedometer paired with the theory-based website intervention, increased their PA by
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Fig. 8.1 This screenshot shows an example of the home page for Every Step Counts, a web-based
multicomponent physical activity intervention for COPD. Every Step Counts has shown signifi-
cant promise for promoting physical activity using the following theoretically driven strategies:
social support, goal-setting and feedback, barrier reduction, and disease education. These strate-
gies can support patients’ self-efficacy, knowledge, outcome expectations, goals, facilitators, and
barriers

778 steps per day and improved HRQoL at 4 months [96]. Similar improvements
were seen in another study using the same multicomponent theory-based interven-
tion, Every Step Counts (ESC), which extended THS in an independent and well-
characterized cohort with in-person assessments of physiological and psychosocial
variables [89, 98]. In a pilot study with a single-arm design, patients who used ESC
significantly increased their steps by an average of 1,263 steps per day [98]. In the
larger RCT, patients who used ESC increased their average daily steps by approxi-
mately 804 steps per day [89]. Figure 8.1 depicts the home page for ESC, which
includes multiple components to foster social support (online forum), goal-setting
and iterative feedback, barrier reduction, and disease education. Previous research
suggests that the minimal clinically important difference (MCID) for steps in COPD
ranges from 350 steps/day to 1,100 steps/day [99], indicating that the increases
demonstrated in previous multicomponent studies are not only statistically signifi-
cant, but also clinically meaningful.

Another study utilized a smartphone app to deliver feedback on steps, individual-
ized step goals, text messages, and occasional telephone contact with the research
team on an as-needed basis [100]. This semiautomated, pedometer-mediated tele-
coaching intervention and smartphone app demonstrated significant increases (1,469
steps per day, on average) in PA in patients with COPD [100]. Interestingly, when
comparing delivery methods (technology compared to face-to-face), there does not
appear to be significant differences in exercise behaviors in those who received a
cellphone texting intervention [101] or an internet-based intervention [84] compared
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to face-to-face interventions, though these interventions were designed to improve
dyspnea, with exercise behaviors as a secondary outcome. While effectiveness may
not significantly differ, technology-mediated interventions are becoming more per-
vasive due to their promise of increased accessibility, ease of personalization, and
cost-effectiveness.

Important Considerations

Sociodemographic Differences

When developing technology-mediated interventions to promote PA, it is important
to consider the target population (e.g., age, health) and the feasibility of using specific
technology (e.g., pedometer, website, and app). It is important to design the technol-
ogy with the user in mind or even together with users in an iterative process (e.g.,
Vorrink [102]). Previous studies have documented sociodemographic factors associ-
ated with mobile health and app use, suggesting that those who are younger, more
educated, report excellent health, and have higher income are more likely to use
health apps [103-106]. Unfortunately, this population is not the population who
could potentially benefit the most from using health technology. Therefore, it is
important to consider these sociodemographic differences when identifying appro-
priate technology-based platforms for PA interventions in chronic pulmonary disease.

Digital Literacy

While technology offers a possible solution to the geographic disparities accessing
many face-to-face interventions, there is a risk that they could increase health
inequalities due to a “digital divide” in both access to the internet and confidence
and skills to use the technology (i.e., digital literacy) [107]. It is also critical that
users can easily and consistently sync, view, and understand the information pro-
vided by the technology [108]. It helps to involve users in the design of the technol-
ogy, as they are the ones who will be using it.

Accuracy

Another important consideration is the accuracy of the technology. Pedometers may
underestimate activity at a slow speed, as is typical in patients with chronic lung
disease. Therefore, accuracy can vary between patients with chronic lung disease
and healthy adults [17]. Additionally, significant variation in the accuracy of an
accelerometer can be observed based on walking speed [109].
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Technology can deliver accessible, potentially cost-effective services to promote PA
to those who need them most. However, patient engagement with these interven-
tions may face many barriers if the intervention cannot ensure privacy of confiden-
tial data, reliable and consistent technology services, usability, and many others
[110]. Many technology-based health services rely on cloud computing for data
storage. However, some argue that the use of cloud storage poses increased security
threats for data transmission and storage [110]. Such privacy concerns are likely to
impact some patients’ willingness to use technology-based services. Even if we can
get patients to use these devices (e.g., Apple Watch or Fitbit), it is imperative that
researchers are clear in how to access the patients’ data securely. Stakeholders of
technology-based services must consider this critical aspect of data storage when
attempting to engage patients and implement these services [110].

Future Directions

As technology continues to advance, there is an increasing amount of forthcoming
research developing, evaluating, and implementing technology-mediated interven-
tions to promote PA in pulmonary patients. Examining long-term maintenance,
Koreny et al. [111] have recently described certain patient characteristics (e.g.,
engaging in greater levels of PA at baseline, living with a partner, and in a less disad-
vantaged neighborhood) that predicted adherence to a 12-month intervention. Other
avenues being pursued are examining ways to not only increase PA time but reduce
sedentary time as well. A recently published trial found a disease-education and self-
monitoring intervention using wearable technology feasible and acceptable to reduce
sedentary behavior for individuals with COPD admitted to the hospital for an acute
exacerbation [112]. Virtual care, or telehealth, is another avenue of technology cur-
rently being examined to promote PA in pulmonary patients. In a feasibility study,
researchers assessed a tablet-based PA intervention in virtual groups for patients with
COPD, with promising findings for increasing PA [113]. Similarly, a recently pub-
lished protocol aims to compare the efficacy of home-based telerehabilitation to tra-
ditional center-based PR in people with chronic respiratory disease [114]. These
studies represent just some of the interesting and promising lines of work to look
forward to.

Technology to Deliver a Wide Array of Physical
Activity Modalities

Walking has gained considerable interest in recent years as a feasible and preferred
strategy for increasing PA in many patients. Walking is a free, low-impact activity that
can be done practically anywhere and at any time [71]. As such, many technologies
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are geared specifically toward increasing steps. However, there are other low-impact,
accessible activities, such as yoga or Tai Chi (see Chap. 9), that can serve as alterna-
tive forms of exercise for health promotion. Compared to PA interventions, these
types of activities are structured, timed, and use specific exercises at low intensity.
Yoga and Tai Chi are both low-impact activities that emphasize coordination between
movement and breath. These activities offer a logical, complementary therapy for
pulmonary patients [115-117]. Technology-delivered yoga interventions have been
previously assessed in pulmonary patients, though this line of research is limited. A
recent study examined the feasibility and clinical outcomes of a home-based yoga
program that used videoconferencing (i.e., TeleYoga) to connect patients with COPD
and heart failure to live yoga classes [116]. Patients did not demonstrate significant
improvement in muscle strength, or the 6MWT distance; however, following perfor-
mance of the 6BMWT, shortness of breath and distress related to dyspnea significantly
improved after the intervention [116]. The findings suggest that, despite disease-spe-
cific frailty, TeleYoga was a feasible and acceptable method to encourage participa-
tion in yoga for cardiopulmonary patients. The benefits of Tai Chi for health are well
established; however, to our knowledge, technology-based Tai Chi interventions for
pulmonary patients have not yet been developed. Given the benefits of other varia-
tions of PA, future work should continue to develop and test theoretically driven,
technology-based platforms to promote other types of PA as well. Compared to daily
physical activities such as walking, Tai Chi and yoga are unique in that they are typi-
cally delivered in a class setting. Videos could be uploaded to a website (e.g., YouTube)
to make these classes more easily accessible.

Long-Term Maintenance

Perhaps one of the greatest challenges to encouraging engagement in PA is the long-
term maintenance of said engagement. Generally, many technology-based PA inter-
vention studies fail to report follow-up data; as such, little is known about the duration
or predictors of maintained engagement in activity. In pulmonary patients, the lon-
gest follow-up period appears to be 12 months. There is mixed evidence for long-
term maintenance of PA and results are still rather disappointing. Moy and colleagues
[97] report on the long-term effects of THS, the website and pedometer-based inter-
vention in patients with COPD at 8 months after a successful 4-month intervention.
Although the website was efficacious for increasing daily step counts at the end of
the 4-month intervention [96], this increase was not maintained during the subse-
quent 8-month follow-up [97]. Liu et al. [118] found that patients with COPD
increased their walking by about 505 steps following a home-based program at 12
weeks, though these improvements did not persist at 9 months. Similarly, Vorrink
et al. [102] did not find significant changes in PA during a 12-month pedometer-
based intervention. In their long-term follow-up, Moy et al. [97] also did not find
evidence of maintained daily steps in patients with COPD who received a web-based
intervention. In another technology-mediated, multicomponent study, researchers
did not see any significant changes in PA in patients with COPD [119]. The authors
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note that only 36% of the intervention group used the technology, citing this as a pos-
sible explanation for the nonsignificant effect on PA [119]. Here, the participants
were given an option to choose which intervention components they used, though
they could have benefitted from more guided and supported use of the intervention
components (e.g., instructed where to go and what to look at) [119].

Some studies have documented hope for long-term maintenance of PA. Arbillaga-
Etxarri et al. found that patients with COPD who completed a 12-month multicompo-
nent intervention increased their steps by an average of 957 steps compared to baseline.
This study utilized an urban training program, which provided participants with feed-
back, motivation, information, and support via a pedometer, calendar, PA brochure,
website, phone text messages, walking groups, and a phone number [120]. Of note, the
study was rolled out in Barcelona (Spain) where climate permits walking outside on
most days of the year. However, when they examined effectiveness of the intervention
by examining all enrolled participants (i.e., intention-to-treat analysis), there were no
significant differences in steps between the intervention and control groups. This sug-
gests that this multicomponent, technology-mediated intervention was only successful
in improving PA in adherent patients [120]. Perhaps revising the statistical approach,
moving away from “average effects” to “responder analysis” and identifying a larger
fraction of responders in cohorts of patients using step counters and feedback to main-
tain PA might shed a different light on findings so far. Since the intervention is rela-
tively cheap for healthcare systems to implement, they can be worthwhile even if they
help only a small minority of patients (much like smoking cessation).

As much as it is unlikely to achieve benefits of these interventions in all patients, it
is likely that these interventions will lose appeal over time. However, in those patients
where the intervention remains a pleasant support and when no exacerbations are
encountered, it might be that the intervention is helpful in a fraction of patients. In one
study, patients were less likely to be adherent if they had a lower FEV /FVC ratio,
diabetes, currently smoke, or indicated a greater score on a depression measure [120].
Future research that can identify individual factors that predict long-term response to
PA interventions will be helpful to effectively personalize PA interventions.

Long-term maintenance of PA is difficult to achieve in all populations and can be
especially difficult in patients with chronic, complex diseases like COPD who face
exacerbations and/or comorbidities. It is necessary that PA interventions for pulmo-
nary patients involve healthcare professionals; the use of technology can be instru-
mental to help clinical teams monitor and motivate patients’ PA. Technology is a
helpful tool to assist promoting long-lasting changes in PA by allowing healthcare
professionals to view cumulative PA data and patterns of increase and decrease,
which can be correlated with clinical status. For example, knowing a patient’s base-
line level of PA can offer concrete guidance to a healthcare professional who is
counseling a patient recovering from a COPD exacerbation to increase PA and has
a goal to return to a specific known baseline. Activity trackers, apps, and web-based
platforms have the capability to integrate multiple theory-based strategies such as
social support, goal-setting, and feedback geared to the specific problems of indi-
viduals with COPD, barrier reduction, and disease education.
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Assessing Technology-Mediated Interventions in Other
Pulmonary Populations

The majority of technology-mediated exercise interventions available for pulmo-
nary patients have been confirmed efficacious where COPD is present. Currently,
there is a limited amount of work that has explored the efficacy of technology-
mediated PA interventions in other pulmonary patient populations. For example, in
a recent study, researchers report that a smartphone app—based PR program was
effective and feasible to improve exercise capacity (as measured by the 6MWT;
patients were able to walk 68 more meters after 12 weeks) in patients with advanced
lung cancer undergoing chemotherapy [121]. In another study, researchers piloted a
telerehabilitation platform for lung transplant recipients. This intervention included
individualized aerobic and strength training plans, video conferencing, and real-
time demonstrations of exercises with healthcare professionals [122]. Patients in the
intervention demonstrated improved exercise capacity, strength, and steps from pre-
to post-intervention. It is important to note that PA programs are not exact substi-
tutes for PR programs. PR programs typically involve more strenuous strength
training and target exercise capacity, as opposed to daily PA. Future research would
benefit from exploring technology-based interventions to increase PA in other pul-
monary populations.

Conclusion

In conclusion, patients with chronic pulmonary disease will benefit from engaging
in PA. PA is a significant predictor of health outcomes, comorbidities, and mortality,
but engagement in PA can be especially challenging for patients living with a
chronic pulmonary disease. Therefore, it is critical to understand best practices to
encourage engagement and maintenance of PA. One of the pressing remaining
questions is how to effectively encourage these patients to engage in and adhere to
PA. Researchers, healthcare professionals, interventionists, and all others seeking to
encourage PA promotion should incorporate theory- and evidence-based decisions
that will foster patients’ knowledge, self-efficacy, outcome expectations, goals, and
perceived facilitators, and reduce perceived barriers to PA. When developing and
recommending interventions, multiple components should be leveraged to increase
patients’ adherence to the intervention, and ultimately their chance for success. For
example, a clinical team could present a suite of possible options to support behav-
ior change in patients and allow patients a choice or the possibility to choose another
approach if a first approach is not leading to the anticipated outcome. This is com-
mon practice in other behavior change interventions such as smoking cessation or
weight loss interventions.

Technology offers a unique method to deliver multicomponent, efficacious inter-
ventions to encourage PA, but it is acknowledged that technological solutions are
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not one size fits all. Understanding how to utilize technology to effectively encour-
age PA is critical. Similarly, it is necessary to understand who will benefit the most
from which intervention. Sociodemographic (e.g., age, education, income, health
status) and other individual differences (e.g., self-efficacy) can significantly impact
the efficacy of an intervention and should be carefully considered. Other caveats to
consider when leveraging technology to promote activity are the potential threats to
data privacy and security, as well as threats to accuracy and reliability. The potential
benefits of using technology to encourage PA in pulmonary patients outweigh many
of the addressable cons. Future research and intervention development will benefit
from assembling teams of consultants who are well equipped to address these
important considerations, such as eHealth experts.
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