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Chronic obstructive Introduction: Low physical activity (PA) levels have a negative impact on the health status of patients
pulmonary disease; with Chronic Obstructive Pulmonary Disease (COPD). Smartphone applications (apps) focused on PA
COPD; promotion may mitigate this problem; however, their effectiveness depends on patient adherence,
Physical activity; which can be influenced by the technological features of the apps. This systematic review identified
Daily activity; the technological features of smartphone apps aiming to promote PA in patients with COPD.

Active living; Methods: A literature search was performed in the databases ACM Digital Library, IEEE Xplore,
Smartphone apps; PubMed, Scopus and Web of Science. Papers including the description of a smartphone app for PA
mhealth; promotion in patients with COPD were included. Two researchers independently selected studies
Mobile health and scored the apps features based on a previously developed framework (38 possible features).

Results: Twenty-three studies were included and 19 apps identified, with an average of 10 tech-
nological features implemented. Eight apps could be connected to wearables to collect data.
The categories ‘Measuring and monitoring’ and ‘Support and Feedback’ were present in all
apps. Overall, the most implemented features were ‘progress in visual format’ (n = 13), ‘advice
on PA’ (n = 14) and ‘data in visual format’ (n = 10). Only three apps included social features, and
two included a web-based version of the app.

Conclusions: The existing smartphone apps include a relatively small number of features to pro-
mote PA, which are mostly related to monitoring and providing feedback. Further research is
warranted to explore the relationship between the presence/absence of specific features and
the impact of interventions on patients’ PA levels.
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Introduction

Chronic obstructive pulmonary disease (COPD) is the third
leading cause of death worldwide' and the seventh leading
cause of disability-adjusted life years.? The Global Burden
of Disease Study 2015° estimated 174 million cases of COPD
globally and its prevalence is expected to increase in the
upcoming years. ">

Physical activity (PA) levels are reduced in most patients
with COPD when compared to healthy peers,® which have a
negative impact on clinical outcomes (such as an increased
risk of exacerbations, hospitalizations and mortality’) and
can lead to the development of comorbidities, which further
contribute to physical inactivity.® Additionally, a decrease in
PA levels over time across all severity grades of COPD has
been demonstrated, in parallel with a worsening of lung
function and health status.’ It has been suggested that
increasing daily PA might be equally effective as smoking
cessation to prevent morbidity and mortality in patients
with COPD, although the consequences of continuous inac-
tivity in this population might still be underestimated.'®
Recent research has highlighted that even small changes in
PA (e.g., increasing activity by 600 steps per day'') can be
clinically meaningful for patients.'°

The Global Initiative for Chronic Obstructive Lung Disease
(GOLD) highlights the potential of technology-based interven-
tions to provide accessible means to enhance PA in daily life.
The value of technology became even more relevant during the
COVID-19 pandemic, where several in-person healthcare serv-
ices had to be adapted to reduce the burden on healthcare sys-
tems.'? Mobile applications (apps) aiming to promote PA may be
a promising solution to help patients with COPD acquire healthy
habits in their own environment, as smartphones are ubiquitous
in daily life."*" In 2021, 67% of the world population subscribed
to mobile services; of those, 75% were smartphone connections,
and an increase to 84% is expected by 2025." Smartphone devi-
ces as a tool to promote PA in patients with COPD have shown
small improvements in the short-term and no effects in the
long-term.’® Poor adherence may be caused, among other
things, by problems related to the device, affecting the effec-
tiveness of these apps.'® Thus, technological features are a fun-
damental aspect of patient adherence and app success.'”
Studies have suggested that different features can influence the
effectiveness of PA promotion apps, such as goal setting adapted
to the users’ context and progress'*'® and social media fea-
tures,’ and these aspects have been identified as enablers of
PA engagement in patients with COPD.?%%' Recent reviews have
described the most common features in smartphone apps for PA
promotion.'”'8?2-26 However, these studies did not address
apps designed for populations with specific health conditions,
such as COPD. A review from Donevant and colleagues?”’
explored the relationship between the app features and PA out-
comes in mobile health studies involving chronic respiratory dis-
eases, diabetes and hypertension, but they have not stratified
the findings by health condition. Given the added complexity
and challenge in PA promotion and behavior change in patients

with COPD,?' research is warranted to explore how smartphone
app features have been implemented in this specific population.
The aim of this systematic review was to identify the
smartphone apps developed, tested and/or implemented
for PA promotion in patients with COPD, as well as to identify
the technological features implemented by those apps,
based on the framework of Mollee et al. (2017).%¢ This
framework was developed to ensure a good coverage of the
important features of apps aimed to encourage PA behavior.

Methods
Eligibility criteria

This systematic review was reported according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines?® and the protocol was regis-
tered at PROSPERO (ref. CRD42021252975).

For this review, physical activity was defined as any
bodily movement produced by skeletal muscles that requires
energy expenditure, including leisure time, transport/com-
muting time, exercise or as part of a person’s work.>’

Eligible studies had to include the design/development,
description, testing and/or implementation of a smartphone
app aiming to promote physical activity in patients with
COPD. Original papers published in scientific journals or con-
ference proceedings (observational and interventional stud-
ies), in English or Portuguese, were considered. Studies that
presented smartphone apps for patients with chronic respi-
ratory diseases were also included if COPD was considered.
Studies with smartphone apps aiming to promote PA alone or
in combination with other components (e.g., nutritional
advice) were also included.

Exclusion criteria consisted of: 1) studies targeting popula-
tions other than COPD; 2) smartphone apps with a different aim
(e.g., breathing retraining); 3) studies describing tablet-based
applications; 4) non-original papers (e.g., reviews, commentar-
ies to papers, theses); 5) abstracts without a full paper.

Information sources and search strategy

A systematic literature search was performed in the electronic
databases ACM Digital Library, IEEE Xplore, PubMed, Scopus and
Web of Science. Search strings combined terms relating to
smartphone apps, COPD and physical activity. Searches was
restricted to studies published in English and Portuguese. The
search was conducted from January 01, 2007 (i.e., the year that
Apple launched the first smartphone) until January 215 2022 for
all databases except for the Web of Science, which was con-
ducted at January 28 2022 due to technical issues. The combi-
nation of terms was used with database-specific filters for
language, date, and type of study to be included. More details
on the search strategy are available in the Supplementary Mate-
rial S1. All references were uploaded to and sorted in the Men-
deley reference manager version 2.75.0 (Mendeley Ltd.,
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London, UK). References of relevant studies were also screened
for potential studies.

Selection process

Two independent reviewers (JS and NH) performed the ini-
tial screening of the articles based on their title and
abstract, according to the eligibility criteria. In case of
doubt, an independent full-text screening was made to
decide its inclusion. The scoring codes were: “0” for exclu-
sion, “1” for inclusion and “2” for uncertainty. The level of
inter-rater agreement was calculated using the Cohen’s
kappa statistic, which can be interpreted as follows: 0 —
0.20 as indicating no agreement, 0.21 — 0.39 as minimal
level of agreement, 0.40 — 0.59 as weak, 0.60 — 0.79 as
moderate, 0.80- 0.90 as strong, and above 0.90 as almost
perfect level of agreement.>° Disagreements were resolved
by consensus. If agreement could not be reached, a third
reviewer (JC) was consulted. If there was more than one
study using the same app, all studies were included.

Data collection and synthesis

The information was retrieved based on the full-text and
supplementary material of the papers, when available. Data
were recorded in a structured table-format according to the
following topics: first author’s last name and year of publica-
tion; study design and country; name of the smartphone app
(if available); operating system; web portal, if existing (for
the patient and/or healthcare professional access); use of a
wearable technology, if any; aim of the app and its key fea-
tures. All data were extracted and summarized by one
reviewer (JS) and checked by the other authors.

Then, the technological features for PA promotion were
assessed in each smartphone app, according to the frame-
work of Mollee et al.?® This framework is composed of
48 items/subitems which are organized into 38 features dis-
tributed in six categories: Measuring and monitoring, Infor-
mation and analysis, Support and Feedback, Adaptation,
Social, and Other. The 38 features are identified at the low-
est level of the items/subitems in each category — for exam-
ple, the item “(a) Does the app ask for input from the user?”
of the category Measuring and monitoring has 2 subitems
(“i. Does it ask for input to set up a personal profile?”; “ii.
Does it ask for input to log activities?”’); therefore, it
includes 2 features. This hierarchical organization into cate-
gories, items and subitems enables the analysis of the apps
in different levels of abstraction (i.e., the lower the level,
the greater detail is provided), ensuring good coverage of
relevant features.’® The list of the categories, items and
subitems is provided in the Supplementary material S2. One
additional category of the framework was not considered
(Usability), as it required the reviewers to interact with the
app.

The framework was implemented in a spreadsheet pro-
gram where two reviewers scored each app independently,
assigning for each item the score “1” (if the answer to the
item was “yes”) or “0” (if the answer was “no” or if it was
not clear whether the app included the described feature)
(Supplementary material S2). If an item consisted of several
subitems, it was scored “1” if at least one of the subitems
was also scored a “1”, and “0” otherwise.?® If a paper

described the presence of a certain item, but not specified
that feature (i.e., it did not provide a clear answer to the
subitems), a “n.s.” (not specified) was registered in the subi-
tems and a “1” in the corresponding item. Discrepancies
between reviewers’ scores were resolved by consensus.
Inter-rater agreement was assessed with Cohen’s kappa by
calculating the agreement for each app separately and cal-
culating the average. Items classified with “n.s.” were con-
sidered as “0” for this purpose.

Both the number of features per app and the number of
apps which implemented each feature were determined.
For the number of features per app, if an item was divided
into several subitems, only these subitems were considered
in the count, to avoid double counting of features. In cases
where the subitems were scored with “n.s.”, the corre-
sponding item was considered in the count, to ensure that
the general feature was not overlooked. This strategy was
also used for the number of apps with a specific feature.

Results

Study selection

A total of 291 records were identified from searches in the
five databases. After removing duplicates, 153 records were
identified for title and abstract screening. Then, the full
text of 50 papers was assessed for eligibility. Of these, 28
reports were excluded for the following reasons: did not
include the design/development, description, testing and/
or implementation of a smartphone app aiming to promote
PA (n = 18); target population other than COPD (n = 2); the
smartphone app had a different aim (n = 4); it was not an
original paper (n = 1); the app was designed for a tablet
(n = 3). One study was included when searching the referen-
ces of relevant studies. In total, 23 studies were included in
this review (Fig. 1). The level of inter-rater agreement was
moderate (Cohen’s kappa= 0.6).

Study characteristics

Of the 23 included studies, four were randomized controlled
trials (RCTs),>' 3 six were feasibility/pilot RCTs*>~*°; four

were feasibility studies*’~**; six were validation stud-

ijes®® % and three were protocols of an intervention/
RCT®' >3 (Table 1).

Studies were conducted in several countries: five studies
in The Netherlands®**373%%4>%7. two in the United
Kingdom*®>*; two in Australia®®>'; two in South Korea®%*>;
two in Portugal®®>’; two in China*>*;

; two in New
Zealand®>* and six  studies included several
countries®!#1:42:44,50,52 (Tap|e 1),

Apps for physical activity promotion in COPD

From the studies selected, 19 apps were identified. Table 1
provides a description of the features and characteristics of
each smartphone app. One study*® described three different
apps, and five apps were described in more than one study
(mPR app,*>* PROactive Linkcare,>"*" Kaia COPD,"??
Activity coach,**®°° and one app with no specific
name>**3),
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Fig. 1
Five of the apps aimed to promote PA in daily life,>"3441:43:4
five apps aimed to promote structured PA (e.g., pre-set walking
distance/time, resistance/strength exercises),’>3%36:447 and
thirteen aimed to promote patient self-management including
PA promotion, 3337404244853 Ge|f.management apps also con-
tained educational material, disease/symptom monitoring,
alerts, a chat, or a smoking self-record with motivational mes-
sages.

Thirteen apps
for the Android operative system, six apps
both Android and i0S operative systems, and one app™® was
available on multiple platforms (not specified). The opera-
tive system was not reported in three apps.3¢*>*®

Elght app531,32,35,37,38,41,42,46,48,50,52,53 could be con-
nected to wearable devices (e.g., activity tracker, oximeter)
to collect data which were then transmitted to the app. In
two apps,>>* data from the activity trackers had to be
inserted manually.

One of the studies® included an additional digital inter-
vention called Orange Submarine to motivate patients to
exercise, with the goal of catching the greatest possible
number of air bubbles, directing a submarine towards
them, in a pattern adapted to the patient’s exercise goal.
This game provides real-time feedback about the score,
heart rate and peripheral oxygen saturation, and includes a
sensor node with a triaxial accelerometer to control the
submarine. This intervention was not described further in
this review because it was not a smartphone app but rather
a computer game (thus, only the app used in this study was
described).

31-35,37,38,41,43,44,47,50,51 were developed

39,40,42,49,52,53 for

PRISMA flow diagram for study selection.

Technological features of the apps for physical
activity promotion

Below we provide a summary of the number of technological
features included in each smartphone app, as well as the
number of apps with the same feature. The features of the
apps are also available in the Supplementary Material S2,
based on the framework of Mollee et al.?® Inter-rater agree-
ment was moderate (Cohen’s kappa = 0.6; values for each
app are presented in the Supplementary Material S3).

Number of physical activity promotion features per app
Fig. 2 shows the number of features identified for each of
the 19 apps analyzed. The average number of features
implemented in the apps was 10 out of 38 possible features
(26%). The app with the lowest number of features was the
app developed by Deng et al.,*® with only 4 features identi-
fied (11%). The PROactive Linkcare*'**' and Exercit@rt*
apps had the highest number of features implemented, both
with 15 features (approximately 40% of the maximum possi-
ble number of features).

Number of apps with a specific feature

The number of apps which implemented each of the 38 pos-
sible features is shown in Fig. 3. The categories Measuring
and monitoring and Support and Feedback were present in
all apps (i.e., included at least one of the features in the
category), Information and analysis was included in eigh-
teen apps, Adaptation in twelve apps, Social features in five
apps, and Other features were implemented in just two



Table 1  Characteristics of the studies (n = 23) and the 19 smartphone apps, ordered by the last name of the first author (except when two papers are presenting the same app).

Author (year)

Type of study

Country

App 0.S.

Web Portal Wearables

Patient Health
professional

Aim of the app

Key features

Anetal. (2021)*®

Bartlett et al.
(2017)®

Bartlett et al.
(2017)*

Bartlett et al.
(2017)*

Validation
study

Validation
study

Validation
study

Validation
study

China

United
Kingdom

United
Kingdom

United
Kingdom

COPDTrack

Music and Maps
System

Online Community
System

Virtual Coach System

- - Smartband Digital PR

- - - PA promotion

- - - PA promotion

- - - PA promotion

Physical activity features

Running map with option to choose
a preferred path

Monitoring and visualizing real-time
body condition information (not
specified) and option to send it to
the physician

Digital 6MWT with monitoring from a
smartband

Digital PR exercise courses
Visualization of progress

Other features

Creating and visualizing peak flow
reports and option to send it to the
physician

Chat to communicate with the
healthcare provider
Patient-reported outcomes (not
specified)

Physical activity features
Self-goal setting (walking) and
activity tracking

Users can choose music to listen
while walking

Feedback on PA levels presented in
a satellite map, as a summary table
orin a calendar

Local exercise facilities highlighted
on the map

Physical activity features

Social support to build a community
of like-minded users to encourage
PA (walking)

Communication between peers,
while encouraging interaction
through competition and collabora-
tion

Users can track their activity and
share information with others
Points given when users achieve
their goals

Virtual rewards (stars or trophies)
and “real-world” rewards (vouchers
or donating money to charity)
Physical activity features
Dialogue support with a virtual
coach (static picture) which uses
the user’s name to personalize the
system and encourage interaction
Progressive goal setting (walking)
defined by the coach

Option to change goals, with coach’s
suggestions

Reminders to complete the activity
(optional)
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Table 1 (Continued)

Author (year) Type of study

Country

App

0.s.

Web Portal

Patient

Wearables Aim of the app

Health
professional

Key features

Bentley et al. Feasibility RCT
(2020)*

Chong et al. Validation
(2021)* study
Whittaker et al. Pilot study

(2021)*

Demeyer et al. Multicentre
(2017)°" RCT
Loeckx et al. Feasibility
(2018)*' study (second-
ary data from a
RCT - Demeyer
etal. (2017))

United
Kingdom

New Zealand

Belgium,
Greece,
United King-
dom, Swit-
zerland, The
Netherlands

SMART-COPD

mPR app

PROactive Linkcare

Android

Android i0S

Android

Smartband PA promotion/ exer-
cise training after PR

Digital PR

Monitor Step counter PA promotion
patients’ PA
and usage

Audio encouragement from the
coach while walking (optional)
Feedback provided in graphs with
praise and encouragement from the
virtual coach

Suggested exercise plans with
increasing daily walking goals to
reach an overall goal

Physical activity features

Self-goal setting

Activities include walking and daily
exercises based on standard PR
exercises

Videos demonstrating exercises
Feedback provided in graphs: time
walking (using the smartphone
accelerometer) and exercising
(manual timer), number of steps
Users gain flower petals as they get
closer to the goal (daily walk)
Physical activity features

Three levels of exercise prescription
- all levels include warm up, walking
program, and resistance training for
upper and lower limbs using hand-
held weights. Level one also
includes balance exercises

® Automated messages based on
user performance

Tailored exercise videos

Digital 1-min sit-to-stand test with a
reminder to complete it every 2
weeks

Progress visualization with circles
that fill according to completion of
daily activity targets

Other features

Action plan for respiratory exacer-
bations

CAT questionnaire with a reminder
every 2 weeks

Lung model visualization video
Information for family members on
how to support the loved one with
chronic respiratory disease
Relaxation audio

Physical activity features

Morning reminder of the daily target
(number of steps) which remains the
same throughout the week

Evening audio reminder for the user
to send wirelessly the data col-
lected by the step counter. Feed-
back is received, including a graph
with daily performance and an
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Table 1

(Continued)

Author (year)

Type of study

Country

App 0.S. Web Portal

Patient

Wearables

Health
professional

Aim of the app

Key features

Deng et al.
(2021)*

Ding et al.
(2019)>"

Pilot study

Protocol of the

intervention

China

Australia

- Android i0S -

MH-COPD programme Android -

Evaluate
patients’
condition,
adjust exer-
cise
prescription
and review
exercise-
related data
to deal with
deviations

Yes (n.s.)

Digital PR

Self-management

educational tip

Weekly feedback (Sunday) including
proposals for being active based on
the action plan, if the target was
not reached

If the patient reaches the target,
the readiness to increase it is ques-
tioned and the target is increased if
the patient agrees (automated or
manual goal setting)

Daily and weekly encouraging mes-
sages using both text and picto-
grams

Booklet containing home exercises
(strengthening and stretching, 3 dif-
ficulties) to do on days with bad
weather

Physical activity features
Exercise-related data and early
warning information is sent to
healthcare professionals, who can
adjust the prescription. Prescrip-
tions can also be modified automati-
cally

Daily personalized exercise pre-
scriptions and a weekly plan, includ-
ing the exercise type, frequency,
intensity and time, and the ability
to record and upload exercise-
related data

Walking speed monitoring using a
rhythm audio

Feedback to motivate patients
Other features

Self-management and symptom
monitoring

Follow-up visit and communication
Physical activity features
Automatic recording of steps with
smartphone-embedded motion sen-
sors

Personalized prescription of the ini-
tial goal and automatic progression
Daily motivational messages accord-
ing to the steps and goal achieved
Other features

10 health educational videos pro-
vided at scheduled times, with a
questionnaire at the end for knowl-
edge self-assessment

Links to relevant educational web-
pages

Daily self-management of symp-
toms, with predefined severity lev-
els. Recorded symptoms are
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Table 1  (Continued)

Author (year) Type of study Country

App

0.s.

Web Portal

Patient

Wearables Aim of the app

Health
professional

Key features

Guerra-Paiva et Protocol of the Portugal
al. (2021)>* intervention

DPO,

Android i0S

Yes (n.s.) Pulse oximeter, smart- Digital PR
watch (GPS tracker),
sphygmomanometer

automatically compared with those
in the previous day

Automated notification when
increased symptom scores are
detected to use the electronic COPD
action plan

(For smokers) Smoking behavior
self-record and a self-defined goal,
with motivational messages

Videos on how to use the prescribed
inhaler(s)

Physical activity features

Patient progress tracking by count-
ing the exercise time, number of
exercises completed and effort
scales

Outdoor activities tracking consist-
ing of moving time, distance trav-
eled and effort scales (walking,
power walking, zumba, gymnastics)
Exercise log, schedule and
reminders, with recommended and
established exercise programs
(including demonstration photos)
Real-time feedback on SpO, and
heart rate

Notification during exercise when
values of heart rate and SpO, fall
outside pre-defined values

Other features

Periodic scheduled videocalls, with
extra-videocalls if needed

Panic button to contact relatives or
local authorities when feeling
unwell, and fall detection through
device’s accelerometer and gyro-
scope with an automatic alarm
Appointment alarms

Frequently asked questions includ-
ing visual and audio guides

Advice on respiratory disease and
medical care
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Table 1

(Continued)

Author (year)

Type of study

Country

App

0.s.

Web Portal

Patient

Health
professional

Wearables

Aim of the app

Key features

Kwon et al.
(2018)**

Park et al.
(2020)*

Pereira et al.
(2016)"*°

RCT

RCT

Validation
study

South Korea

South Korea

Portugal

Efil breath

SASMP

Exercit@rt

Android

Android

Multiple platforms

Create
exercise
sessions,
schedule
meetings
and

Monitor
patients’
data and dis-
play a list of
patients with
Sp02 <90%
and modified
Borg >7

Pulse oximeter

Pedometer (data
inserted manually)

Finger oximeter

Exercise training and
monitoring

Self-management

Exercise training and
monitoring

Physical activity features

Two apps consisting of:

Fixed exercise regimen, with 6 lev-
els of walking distance (600 m,
1200 m, 1800 m, 2400 m, 3000 m
and 3600 m; level automatically
increased based on user achieve-
ments)

Interactive exercise regimen, with
12 levels of walking distance (initial
intensity: 80% of the 6MWT; metro-
nome to guide the walking speed;
adjusted according to the modified
Borg scale)

Measurement of exercise compli-
ance, heart rate and SpO, (using the
oximeter)

Smartphone vibration when SpO,
<90%

Guided resistance/strength exer-
cises available with audio-guides
and links to external demonstration
videos

Exercise diary to summarize daily
results

Physical activity features
Educational material and videos on
how to perform home exercises
Recording of the time and type of
exercise, and step count (pedome-
ter)

Exercise record and graphs with
previous results

Display of the PA/exercise goal
(expert prescription) and achieve-
ment rate

Group-text and communication with
other users and research team
Other features

Educational material and videos on
how to use inhalers

Font size of all content can be
adjusted

Recording of symptoms, inhaler use,
and healthcare use due to exacerba-
tions

Graphical summaries of symptoms
Professional monitoring and auto-
matic alert messages

Physical activity features

Access restricted to users with an
account on the web platform
Previously recorded sessions in the
web platform can be chosen in the
app
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Table 1

(Continued)

Author (year)

Type of study

Country

App

0.S. Web Portal

Patient

Wearables Aim of the app

Health
professional

Key features

Rassouli et al.
(2018)*

Spielmanns et al.

(2020)**

Simmich et al.
(2021)%

Feasibility
study

Protocol of a
RCT

Pilot RCT

The Nether-
lands, Aus-
tria, and
Switzerland
The Nether-
lands and
Switzerland

Australia

Kaia COPD

Grow Stronger

exchange
messages

Android
i0S

Smartwatch Self-management

Monitor - Exercise training
patients’

progress,

send encour-

aging mes-

sages and

restrict

exercises

Connection of the app with the
oximeter to receive alerts based on
Sp0,% and heart rate (audio and
visual warning)

Monitoring and geolocating common
daily activities (walking, running,
biking, shopping, gardening, etc.)
Performance graphs with distance
travelled, heart rate and Sp0O,%
data

Possibility to check the average val-
ues during a given period
Performance values possible to
share in social networks
Explanatory texts and images/ani-
mations for each exercise

Physical activity features

Daily exercises according to the user
profile (strength and mobility train-
ing in short videos; education;
mindfulness techniques)

Monitoring of exercise duration and
intensity, depending on user’s exer-
cise capacity (self-test in the app)
Weekly activity goals based on indi-
vidual fitness level

Recording of daily PA: number of
steps (smartband), completed train-
ing sessions (patient’s records)
Reminders of activity goals via push
notifications

Other features

Disease progression tracked daily
with a ‘feeling thermometer’ in a
10-point scale and dyspnea assess-
ment on a Borg scale

Videos with the correct inhaler
technique

Coach chat for motivational and
technical questions

Physical activity features

One upper-body and one lower-body
activity (+ difficulty and intensity)
commonly used in COPD rehabilita-
tion, chosen by the user every day
Exercise time recorded, the timer
can be paused/resumed/stopped
Perceived dyspnea reported after
each activity using the modified
Borg scale

2 parallel game modes to be used
together or separately:

Single player mode - theme of grow-
ing a garden

Cooperative multiplayer game mode
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Table 1 (Continued)

Author (year) Type of study Country App 0.S. Web Portal Wearables Aim of the app Key features

Patient Health
professional

(9

- theme of a caravan trip around
Australia. Activities completed by
the other players in the last 24 hours
are displayed, to whom the user can
send a pre-set “cheer” message
Rewards for completed activities
Other features: COPD-related edu-
cational information provided on a

daily basis
Spina et al. Validation The COPDTrainer Android - - - Exercise training Physical activity features
(2013)* study Netherlands Smartphone attached in a holster to

a body part involved in the exercise,
to be used as an exercise monitor-
ing/feedback device

Illustrations guiding smartphone
attachments and exercise perfor-
mance

Teach-mode: allows therapists to
personalize the system for a trainee
under direct supervision and exer-
cise parameters are stored for fur-
ther use in the Train-mode
Train-mode: the exercises are
arranged in a to-do list for the user
to complete without therapist’s
supervision

Inertial motion data recorded from
the smartphone sensors and proc-
essed in real-time to count exercise
repetitions and detect errors
Acoustic feedback on repetitions
and errors

Summary display of the exercise
performance
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Table 1

(Continued)

Author (year)

Type of study

Country

App 0.S. Web Portal Wearables

Patient Health
professional

Aim of the app

Key features

Tabak et al.
(2014a)*®

Tabak et al.
(2014b)*”

Tabak et al.
(2013)*°

Vorrink et al.
(2016a) **

Vorrink et al.
(2016b)*

Yonchuk et al.
(2021)*

Pilot RCT

Secondary anal-

ysis of a Pilot
RCT - Tabak et
al37
Validation
study

RCT

Feasibility
Study

Feasibility
study

The
Netherlands

Netherlands,
Norway and
Romania

The
Netherlands

United
States,
United King-
dom, and
Germany

Activity Coach Android - - triaxial accelerometer

- Android - Monitor
patients’
data, adjust
goals and
send text
messages

Respercise® Android = = Smartband (data
inserted manually)

PA promotion (app)
Self-management
(web portal)

PA promotion

Digital PR

Physical activity features
Accelerometer and smartphone
worn on the hip to measure 3D body
movements to estimate energy
expenditure

Sensor connected with the smart-
phone by Bluetooth

Feedback on cumulative activity
presented in a graph with a refer-
ence line identifying the goal to be
achieved

Motivational cues every 2 hours,
based on the difference between
the measured activity and the refer-
ence line - short summary of activity
behavior and advice on how to
improve it, in three possible ways:
Encouraging (>10% deviation below
reference line)

Discouraging (>10% deviation above
reference line)

Neutral (<10% deviation with refer-
ence line)

Questions about self-perceived
activity performance, dyspnea and
fatigue (Visual Analogue Scale and/
or multiple choice)

Other features: Web portal with a
symptom diary for self-management
of exacerbations and an overview of
the measured PA levels

Physical activity features

Display of daily steps in real time in
a quantitative and qualitative for-
mat

Personalized PA goal

Automated persuasive messages and
an emoticon

Widget on the home screen showing
PA status

Visual bar combining the amount
and intensity of steps (goal met
when a stripe reaches the green
area), absolute number of steps and
current advice on PA

Graph with information of PA over
time

Physical activity features

Relevant information on PA, exer-
cise, goal setting and safety, with
feedback and notifications
Smartband used for daily step count
and strengthening exercises con-
ducted thrice weekly using elastic
bands
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Table 1

(Continued)

Author (year)

Type of study

Country

App

0.s.

Web Portal

Patient

Health
professional

Wearables

Aim of the app

Key features

“Walking dashboard” allows users to
enter daily steps, see the trend of
their step count over 7 days and
receive encouragement messages/
awards towards their daily goals
“Strength dashboard” with subsec-
tions for each of the 4 strengthening
exercises including written instruc-
tions and a demonstration video,
patients’ progress and an “add
result” button: bicep curls, step-
ups, upright rows, and sit-to-stand
Step count goals automated accord-
ing to the app’s algorithm, depend-
ing on participant data entry of
completed exercises and daily PA
Other features

“Administration” section restricted
to the site staff to setup the individ-
ual program for each participant
“How to Respercise” section with
information and educational con-
tent about COPD, the Respercise
exercise program and lifestyle
“Frequently Asked Questions” and
“End User License Agreement” sec-
tions, contact information

Abbreviations: 6MWT — six-minute walk test; CAT, COPD Assessment Test; COPD - chronic obstructive pulmonary disease; n.s. - not specified; O.S. - operative system; PA - physical activity; PR

- pulmonary rehabilitation; SpO, - peripheral oxygen saturation.
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COPDTrack

Music and Maps System
Online Community System
Virtual Coach System
SMART-COPD

mPR app

PROactive Linkcare
Deng et al. (2021)
MH-COPD

DPO2

Efil breath

SASMP

Exercit@rt

Kaia COPD

Grow Stronger
COPDTrainer

Activity Coach

Vorrink et al. (2016a,b)
Respercise®
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Fig. 2

apps. Overall, the most implemented features were “prog-
ress in visual format” (n = 13), “advice on physical activity”
(n = 14) and “data in visual format” (n = 10), which were
implemented in at least half of the apps.

Within the Measuring and monitoring category, the most
frequent features were the activity log by the user (n = 8),
the use of external hardware (n = 8) and the use of a motion
sensor (e.g., built-in gyroscope and/or accelerometer;
n = 7). None of the apps implemented the features “other
built-in sensor” or “weather forecast integration”.

In the category Information and analysis, progress in
visual format (e.g., graphs and/or calendars) was the most
employed feature (n = 13), and progress in textual/numeri-
cal format (e.g., list of logs and/or statistics) was the least
common feature (n = 6).

In the category Support and feedback, advice on PA was
the most implemented feature (n = 14), and ‘punishment’
for not meeting goals/commitments was not present in any
app. As for Adaptation, the two existing features (i.e., adap-
tation of the goal or other form of adaptation) presented a
similar frequency (n =8 and n =7, respectively).

Within the Social category, the features “send messages
between users”, “share experiences or achievements” and
“other form of social features” were present in three apps.
The remaining features of this category were implemented
in one app only.

Finally, only two apps had a feature in the category
Other, which included a web-based version of the app avail-
able for the users where they could view more detailed
information.

Discussion

This review identified the technological features imple-
mented in smartphone apps designed to promote PA in
patients with COPD, along with the scores of these features

14

Number of physical activity promotion features per app (19 apps, 38 possible features).

using the framework developed by Mollee et al.?® The 19
apps identified in the present study included a relatively low
number of features for PA promotion, with an average of 10
features per app (i.e., 26% of the 38 possible features),
which were mostly related to PA monitoring, data analysis,
feedback/support and adaptation. These findings may be
useful in the development of interventions aiming to pro-
mote PA in patients with COPD using mobile solutions.

A possible explanation for the low number of features
included in each app was previously pointed out by Mollee et
al.?® The authors hypothesized that it could be related to the
technical and conceptual complexity of the implementation
of some features. For example, in their study, Vorrink et al.*®
mentioned that battery life posed a major problem while
developing the app, thus not all desired options, such as GPS-
tracking and continuous measurement, were possible to
implement due to the limited capacity of the smartphone bat-
tery. In addition, as shown in Table 1, several apps were not
specific for PA promotion; therefore, they may have scored
low in the PA features framework due to the primary aim of
the app (i.e., self-management), where PA promotion is only
a module. For example, the MH-COPD programme®' regis-
tered eight PA-related features; however, there was a sub-
stantial number of features related to other self-management
modules (e.g., education, symptom management, smoking
behavior). Nonetheless, the authors decided to include these
apps since they include a component of PA promotion.

This review showed some heterogeneity in the categories/
features implemented in the smartphone apps — while some
features or categories were frequently applied, others were
rarely or never implemented in the apps. Considering the
most implemented features, the ‘advice on physical activity’
is particularly important since information and education on
PA have been identified in the literature as an enabler for PA
promotion following Pulmonary Rehabilitation, by increasing
individuals’ understanding of the associated health bene-
fits.?! The ‘Information and analysis’ features (i.e.,
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Personal profile

Activity log

Motion sensor

Location sensor

Other built-in sensor
Weather forecast integration
Calendar integration
Location specific information
Other internet sources

Other (physical activity) app
External hardware

=19)

Measuring and
monitoring (n

—

Data in visual format

Data in textual/numerical format
Progress in visual format

Progress in textual/numerical format

Information and
analysis (n=18)

Advice on physical activity

Real-time feedback in auditory format
Real-time feedback in textual format
User sets their own goal

App sets personal goals

Feedback on progress in visual format
Feedback on progress in textual format
Feedback based on context
Punishment

Gamification through achievements
Gamification through virtual game
Contact expert
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Fig. 3
apps).-

presentation of the user’s PA in visual/textual format) were
also common. These features are important when promoting
active lifestyles in patients with COPD, as they can recognize
their personal improvements and may be more engaged/
motivated by the outcomes, thus feeling more empowered to
maintain the PA levels achieved.”' Some apps supported the
use of external hardware, such as smartbands for daily PA
tracking.3"»32,3%:37,38,41,42,46,48,50,52,33 Thjs feature may allow
greater flexibility in monitoring PA in specific situations, e.g.,
when the patient is at home and leaves the smartphone on
the table or elsewhere, as smart bands can still collect PA
data. However, connection or synchronization issues between
the external sensor and the app were identified in three
studies.*>*!"** These issues should be considered when devel-
oping apps for PA promotion as they can lead to lower patient
adherence to the app.

The features related to the category Adaptation were
also frequently implemented, which differs from the PA

Wi

W W

w

8 10
Number of apps

12 14 16 18

Number of smartphone apps which implemented the technological features included in the framework of Mollee et al.26 (19

apps for healthy adults identified in the work of Mollee and
colleagues,’® where these were one of the least addressed
features.?® This could indicate that there is a greater effort
to customize the features of PA promotion apps developed
for patients with COPD. In fact, personalization features,
such as adapting the user’s goals based on individual behav-
ior/needs, have shown to increase the effectiveness of PA
apps in the general population.'*?%® Furthermore, personali-
zation and self-goal setting have been described as enablers
for PA engagement in patients with COPD,?° the latter being
especially relevant, as self-regulatory strategies are not
only identified as determinants of PA in these patients,?%?’
but also as an important aspect within behavior change tech-
niques, helping people to modify their PA levels.>* This may
be addressed in future research on PA promotion apps for
patients with COPD.?%?* In addition, it would be useful to
identify the factors that influence patients’ PA behavior,
described in the literature (i.e., barriers and enablers?%?'),
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which are addressed in each app to understand whether the
apps consider the (partially) modifiable factors when pro-
moting PA and/or adjust recommendations based on non-
modifiable factors.

Weather forecast integration was not implemented in any
of the apps, even though converging evidence has demon-
strated that adverse weather (e.g., temperature, rain) and
air quality conditions can have a negative impact on COPD
symptoms°> and PA levels.?®>° In a RCT that implemented a
smartphone app to promote daily PA,*' included in this
review, patients were reminded they could exercise at home
on days when the weather prevented them from going out-
side; however, these reminders were sent manually by the
researchers. Thus, integrating weather forecast information
in the apps could alleviate this barrier by providing opportu-
nities to engage in PA even in case of bad weather. Further-
more, the apps could be connected to wearable devices that
would detect changes in air pollution levels and provide
appropriate advice (e.g., to exercise at home or select the
route with lower levels of air pollution). There are several
commercial wearable/portable solutions for environmental
monitoring in the market, although their accuracy is still
questionable.®” As sensor/wearable technology is rapidly
advancing, it is possible that such solutions will exist in
future apps for PA promotion to enable better choices of
where and when to perform activities and provide personal-
ized recommendations.>”®

Calendar integration was implemented less often,
although this feature could help patients establish a routine
and, therefore, be an important strategy to create PA
habits.?2' The number of apps with the possibility to con-
tact an expert, and with social features, was scarce. These
features may be relevant considering the importance that
social support has on PA engagement in patients with
COPD.”? Individuals’ relationships with others may have a
large impact on their PA levels — feeling understood and
encouraged to be physically active by family members,
friends and peers can facilitate an active lifestyle.?®"?" More-
over, support from healthcare professionals may be impor-
tant for individuals, as it can create a sense of trust.?'

This review has some limitations that need to be acknowl-
edged. Firstly, the authors did not consider the Usability cat-
egory, as described in the framework developed by Mollee et
al.?® In this category, the apps were scored for clarity and
attractiveness, which required interaction with the app. In
the present review, the authors excluded this category
because the apps were not possible to download, and the
authors could not provide a reliable scoring simply by ana-
lyzing the images provided in the articles (when available).
Nevertheless, this aspect could be of interest, since it is not
known how the clarity and attractiveness of the apps may
influence patient adherence, and if the number of features
in the app are related to its usability. Mollee et al.?® found
that easy-to-find information in an app was not compromised
by the number of implemented features, but there was a
moderate positive correlation between the number of fea-
tures and the attractiveness score.

Secondly, the fact that none of the apps were down-
loaded or used by the authors restricted the number of fea-
tures identified. Often, studies did not provide a detailed
description of the apps, including only information about
the fundamental features; therefore, it is possible that
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certain features were overlooked in the present study. This
is also a weakness of the research in this area — although
there were 19 apps identified to promote PA in patients with
COPD, most are still not available online for clinical use.

Thirdly, the scoring process of the technological features
using the framework of Mollee et al.?® was not always easy
to perform, as shown by the results of inter-rater agreement
available in the Supplementary material S3. Specifically,
some questions (i.e., items and subitems) were not
described in sufficient detail in the original paper to make a
clear decision on whether a specific feature was present or
not in the smartphone app, which sometimes led to some
subjectivity in the process. For example, the two raters had
slightly different interpretations of the question “Does the
app give the user feedback based on their physical/social
context?” (Support and feedback category), concerning the
definition of “physical”. One reviewer considered this as a
“environmental context”, and the other as a “biological
context”, being the latter the agreed interpretation. Even
so, the average inter-rater agreement was moderate, which
shows that scoring the apps features using this classification
framework is feasible.

Finally, the analysis of individual, clinical and sociodemo-
graphic characteristics of patients who participated in stud-
ies implementing the smartphone apps was beyond the
scope of this review, although it could provide important
information on who would benefit most from this type of
technology, as there is no ‘one size fits all’ approach. A pre-
vious study found that patients with COPD who use mobile
apps in daily life are younger and have a higher physical
capacity than those who do not use them (age: 64.2 +
8.9 vs. 69.2 + 6.3 years; six-minute walking distance: 462.9
+ 91.7 vs. 414.9 + 82.3 m, respectively), although 73% of
the sample reported being interested in using a COPD-spe-
cific app for PA promotion, if it was available.®® Future
research should identify the best candidates for interven-
tions using mobile solutions.

Among the strengths, this review was the first to address
technological features of smartphone apps to promote PA in
patients with COPD. It identified the most used features and
the ones that may need more attention in future develop-
ment of these apps.?® Future research should address the
impact of these apps on patients’ PA levels, and how the
results relate to the presence/absence of specific technolog-
ical features of the apps. Likewise, it would be important to
adjust the features of the apps based on the factors associ-
ated with PA engagement in patients with DPOC (e.g., symp-
toms, having a dog, taking care of grandchildren).®' %3

Conclusions

This review identified the technological features of 19
smartphone apps designed to promote PA in patients with
COPD, based on the framework developed by Mollee and col-
leagues.”® The apps included 10 out of 38 possible features,
with the most prevalent features being “advice on physical
activity”, “data in visual format” and “progress in visual
format”. Weather forecast integration, calendar integra-
tion, possibility to contact an expert, and social features
were less often implemented, although they may be rele-
vant to improve patients’ PA behavior. Future research
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should explore the impact of these apps on patients’ PA lev-
els, as well as the effect of the presence/absence of specific
technological features on the results.
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