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Abstract

Objective: Given the well-accepted health benefits, it is important to identify scalable ways to support people with long-term
conditions (LTCs) to remain physically active. This systematic review aimed to evaluate the effect of digital tools on the main-
tenance of physical activity (PA) amongst this population.

Methods: Electronic databases were searched for randomised controlled trials investigating the effect of digital tools on PA
maintenance at least three months post-intervention compared with a non-digital control in participants with long-term con-
ditions. Meta-analyses were conducted at post-intervention and longest maintenance timepoint; subgroup analyses explored
the effect of the type of control. Prospero registration: CRD42022299967.

Results: Twenty-three studies (n=5350 participants) were included, with the majority at unclear/high risk of bias. Web-
based tools were commonly used (18 studies), 10 monitored PA with a sensor, and digital interventions were often combined
with supervised exercise/walks. The overall meta-analysis showed no significant difference in PA between digital interven-
tions compared with any type of control (device-based outcomes: SMD =—0.07, 95% Cl [—0.35, 0.21]; self-reported out-
comes: SMD=0.11, 95% Cl [-0.01, 0.24]). However, this was moderated by type of control group with subgroup
analyses suggesting that the effect of digital interventions on PA surpassed that of an inactive/minimal control at post-inter-
vention (SMD =0.29) and maintenance timepoints (SMD = 0.24).

Conclusions: This review provides preliminary evidence that interventions incorporating digital tools may be more effective
than minimal controls at supporting people with LTCs to maintain PA. Given the quality of the evidence, confidence in these
findings is very low and may change with future research.
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Background

Physical activity (PA) is an important part of maintaining
both physical and mental health for people with one or
more long-term conditions (LTCs)."* Previous systematic
reviews and guidelines have reported the benefits of PA
for managing people with LTCs and reducing risks of
future comorbidity.>*>® People with LTCs are often less
active than the general population®™”® and those with
more than one LTC, defined as multimorbidity,9 are even
less active.'” Evidence suggests that PA levels are inversely
proportionate to the number of conditions an individual
has."" In many countries, it is a priority to support this
population to be more active,'? and it is important to iden-
tify ways to maintain this PA, given that the clinical and
economic benefits depend strongly on how long the
effects can be maintained.'*'*

Clinician-delivered exercise programmes are recom-
mended for people with LTCs to start to be more
active.'” However, it has been shown that people with dia-
betes,'® cardiac disease,'” chronic obstructive pulmonary
disease (COPD)'® and arthritis' > reduce their PA levels
after completion of such programmes. One reason for this
decline is that interventions designed to support the initi-
ation of PA, such as supervised exercise programmes, typ-
ically cease without planned follow-up activities and
contact. These interventions are rarely underpinned by
behaviour change theory,21 and therefore, lack the neces-
sary behaviour change components for PA maintenance,
such as becoming autonomous and creating new habits.**
Given that PA benefits accrue over time as people move
from initiating changes in PA behaviour to the maintenance
of this behaviour Change,23 it is vital that we find effective,
sustainable and scalable solutions, that account for the
increasing complexity of providing PA for people with mul-
tiple LTCs.***

Digital technologies have been advocated as a means to
provide patient-centred, tailored programmes and deliver
evidenced-based behaviour change techniques.”® These
usually require minimal healthcare professional guidance,?’
and may be particularly suitable for PA maintenance as
people can continue to harness behaviour change features
once a main intervention, such as an exercise programme,
ends.?® Although there is no consensus on how to define
PA maintenance,14’23’29’30 both stage—based30 and time-
based definitions have been used.*!** While the duration
varies for time-based definitions, we previously included
studies with a follow-up timepoint of at least three
months after intervention ends in our scoping review.’

The aim of the scoping review was to identify
and describe the literature on digital tools used for PA main-
tenance across 18 LTCs.” Using a wider lens of knowledge
synthesis, the scoping review identified 34 studies that used
a range of digital tools.”** Systematic review evidence for
both PA maintenance™'®*%* and digital interventions>> "

for people with LTCs is growing. To date, systematic
reviews of digital tools for people with LTCs have often
focused on single conditions.**” Two reviews including
a range of LTCs did not include PA outcomes,*® or did
not focus specifically on the maintenance of PA.** This
indicated the value of developing a more focused research
question using systematic review methodology*® where
we could make judgements on methodological quality of
these digital interventions, and combine data across these
studies in order to determine the effectiveness of digital
tools to support PA maintenance.

Therefore, the aim of this review was to synthesise the
evidence from randomised and quasi-randomised con-
trolled trials (RCT) on the effectiveness of digital interven-
tions compared with non-digital or inactive (for example,
usual care, waitlist) controls in supporting the maintenance
of PA among adults with one or more LTC and explore
which intervention design elements are associated with
effectiveness.

Objectives:

1. To investigate the effects of digital interventions in
people with >1 health condition on objectively and
subjectively-measured PA at post-intervention and its
maintenance at least three months after the end of the
intervention compared with controls.

2. To explore intervention design elements considered key
for PA maintenance in effective interventions.

Methods

The protocol for this review was developed a priori accord-
ing to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines*' and
registered on Prospero (CRD42022299967).

Study eligibility

This review included full-text articles of randomised con-
trolled trials (RCTs) and quasi-RCTs published in English
that included a digital intervention for PA maintenance
among people with at least one LTC using the inclusion/
exclusion criteria defined in Appendix 1 — eligibility criteria.
While the previous scoping review included all study designs
to meet its aim of descriptively mapping the evidence, non-
randomised study designs were excluded from this systematic
review so its conclusions on the effectiveness of the interven-
tions could be based on the best available evidence.*?

Types of participants

This review includes studies with adults >18 years of age
with at least one LTC, from a pre-defined list of LTCs
based on The Quality and Outcomes Framework® and
the National Institute for Health and Care Excellence PA
pathways.**
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Types of interventions

Eligible studies included any digital intervention aimed at
increasing or maintaining PA. In line with the World
Health Organisation definition of digital health interven-
tions,33 eligible interventions included a digital element
that was accessed via a smartphone, computer or other
handheld device. Interventions where the digital tool was
not a major component were excluded, judged by team con-
sensus, for example when the participants received more
in-person than digital interaction. There were no limits on
duration of intervention. There were no limits on setting,
geographical location or language of delivery.

Comparisons

Studies were eligible for inclusion if the digital interven-
tion was compared with either an inactive (for example,
usual care or waitlist) or non-digital control group
(which included minimal controls, such as education
only, or active controls, such as supervised exercise).
Initially, there were no restrictions placed on comparative
control group; however, a change from the protocol, to
exclude trials comparing different types of digital inter-
ventions, was implemented to focus on understanding
how digital interventions compared with non-digital
interventions.

Outcome measures

The primary outcome of interest for this review was level of
PA, either self-reported (subjective) or device-based
(objective), at least three months after the end of the inter-
vention. Measurement of adherence to the intervention or
changes in sedentary behaviour were not sufficient to be
included. The intention was to include studies where the
intervention stopped at least three months prior to the meas-
urement of the PA outcomes; however, some studies were
agreed as eligible for inclusion where a lesser version of
the intervention continued to the maintenance measurement
time point.

Data sources and search methods

Studies identified from our previous scoping review’ were
screened for inclusion in this review. This was supplemen-
ted by an updated search of the same databases
(Cumulative Index to Nursing and Allied Health
Literature (CINAHL), Medline, OVID EMBASE, IEEE
Xplore, PsycINFO and Scopus) and using the same
search strategy, which was made up of keywords (e.g.
digital, PA, maintenance and the list of included LTCs)
as well as synonyms of these terms, which were connected
using Boolean operators, see Appendix 2. The search was
conducted from January 2020 (date of the scoping review

search) to August 2023. Reference lists of eligible studies
were hand searched.

Data collection and analysis

Study selection process. Search results were imported into
Covidence systematic review software®> for screening.
Duplicates were removed. Titles and abstracts were
screened by two independent reviewers, and conflicts
were reviewed and resolved by the review team. The
same process was conducted for full text screening of
potentially eligible studies. The reasons for exclusion for
all records excluded after full-text assessment were
recorded.

Data extraction and management. Study details and data
were extracted from each included study independently
by two reviewers using a customised form piloted prior to
use. The form was used to capture relevant information
including study-, participant- and intervention-characteris-
tics, outcomes and results (means and standard deviations).
Intervention characteristics of interest included: the theoret-
ical underpinning used to inform intervention development
which was extracted based on the 83 theories of behaviour
change from the ABC of behaviour change theories*’;
digital device characteristics, including hardware used and
use of sensors to monitor PA. Delivery of PA details
included: participant support to embed PA in their daily
routines, supervised or autonomous PA, PA delivery via
the digital system or non-digitally. Information on human
support or healthcare professional communication was
extracted, to capture whether health coaching and/or motiv-
ational interviewing approaches were delivered via the
digital system or non-digitally. Finally, the form captured
other non-digital intervention components, behaviour
change strategies, such as self-monitoring, setting goals
and problem solving; and, maintenance support elements,
including follow-up booster sessions, support with becom-
ing autonomous and creating new habits.

Assessment of risk of bias in included studies. Two reviewers
independently assessed each included study using the
Cochrane risk of bias tool version 1.*” Blinding of partici-
pants was not assessed as this was considered difficult to
be obtained due to the active nature of the interventions.
For ‘other sources of bias’, studies were assessed for
sample size (considered high risk of bias if not powered
based on a sample size calculation, or <50 participants
per group if a sample size calculation not available) and
baseline differences (considered high risk of bias if statistic-
ally reported or observed in baseline data). Conflicts were
discussed to reach consensus on judgement by the review
team. A study was considered at high risk of bias overall
if one domain was at high risk, or there were some concerns
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for multiple domains in a way that substantially lowers con-
fidence in the result.*®

Measures of treatment effect. For calculation of treatment
effects, PA outcome data at post-intervention and mainten-
ance timepoints were entered into Cochrane Collaboration
Review Manager (RevMan version 5.4). Continuous out-
comes were reported as means and standard deviations,
with effect sizes presented as standardised mean difference
(SMD) and 95% confidence intervals (CI) as PA outcomes
were reported across different scales.

Unit of analysis issues. To avoid double counting in studies
with multiple intervention arms, the digital intervention was
compared only to the minimal intervention control. Where
studies reported multiple PA outcomes, both objective and
subjective outcomes were extracted for separate
meta-analyses. However, if a study reported multiple out-
comes for either objective or subjective measures, the
measure most representative of overall PA was agreed
and extracted. For example, this was usually preferentially
total PA (for example, total steps/minutes/metabolic
equivalents (METS)), followed by minutes of activity at
moderate to vigorous intensity of PA (MVPA).

Dealing with missing data. Where data were not presented in
a form that enabled quantitative pooling, estimates were
calculated from the published data, as per the method sug-
gested by the Cochrane Collaboration.*” Where tabulated
results were not presented, an attempt was made to
extract data from graphs. Where it was not possible to
obtain missing data, the study was excluded from the
meta-analysis.

Assessment of heterogeneity. Heterogeneity was qualita-
tively assessed in terms of intervention, participant demo-
graphics, outcome measures and follow-up, followed by
assessment of statistical heterogeneity using the I* statistic
in RevMan. Given the qualitatively assessed and statistical
(>50%) heterogeneity, studies were pooled using a random
effects model.

Data synthesis. Data synthesis followed the process recom-
mended by the Cochrane Collaboration.** After summarisa-
tion of the characteristics of each study, similarity of studies
was determined for grouping in two ways:

1. by control group: inactive/minimal control or an active
control

2. by inclusion of intervention design elements that were
considered key to support PA maintenance i.e. theoret-
ically informed***>! + building a habit through prac-
tice of PA skills in daily life®*>'% + multiple digital
elements that included a wearable to support goal
setting, self-monitoring and feedback®'~> + health care

professional (HCP) support to build autonomy and self-
efficacy through communication approaches>*>°
+follow up and support to maintain PA behaviour.>

Where appropriate, data were pooled for the primary
outcome. Meta-analyses were conducted using RevMan; a
random effects model was applied to incorporate heterogen-
eity.”’ Separate meta-analyses were completed for subject-
ive and objective PA outcome data at two time points;
immediately post intervention and at the longest mainten-
ance time point (which varied across studies). As the con-
tinuous outcomes reported in the included studies were
pooled on different scales and units, SMDs and 95% Cls
were calculated. For comparisons of the results, pooled
effect sizes were categorised according to Cohen’s classifi-
cation; SMD: 0.2-<0.3 as small, 0.3—<0.8 as moderate, >0.8
as large.”® P-values of <.05 and CIs that excluded null
values were considered statistically significant.

Subgroup analysis and investigation of heterogeneity.
Subgroup analyses were completed to compare the findings
from studies with active controls groups versus those with
minimal/ inactive control groups.

Sensitivity analysis. Two sensitivity analyses were planned.
The first was to explore the influence of study risk of bias by
excluding studies which were judged as having high risk of
bias in >1 domain. The second was to explore the impact of
intervention design elements identified as key to supporting
PA maintenance (listed above, in Data synthesis).

Results

The PRISMA Flow diagram (Figure 1) summarises the study
selection process. Twenty-three studies were eligible for inclu-
sion in this review,”®! including n=18 from the scoping
review.” Reasons for exclusion of original scoping review
studies were: protocol or abstract with no available results
paper (n=9); PA not reported at 3 months post-intervention
(n=4); not an RCT (n=1); digital control group (n=2).

Study characteristics

See Table 1 for study characteristics of the 23 studies
including 5350 participants (range: 54 to 761 participants
per study),’®®" with 49% male and mean age 59.8 years.
Studies included participants with the following LTCs: dia-
betes mellitus (n =5 RCTs); cardiovascular disease (n=15
RCTs); osteoarthritis (n=4 RCTs); COPD (n=3 RCTs)
and obesity (n=2 RCTs). Four RCTs were not limited to
one condition, while in one RCT eligible participants had
both knee osteoarthritis and hypertension. Additionally,
six RCTs reported additional co-morbidities experienced
by included participants. The longest maintenance time-
point/length of follow-up ranged from 3 months to 12
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months, with only one study with a 4-year follow-up time-
point (Figure 2). PA was measured using devices in n =19
studies: Actigraph accelerometer (n =9), pedometer (n =15),
Sensewear armband (n=3), Axivity (n=1) and PA
Monitor (n=1); and measured using self-report in n=10
studies (paper-based measures, n =9; semi-structured inter-
view, n=1).

Intervention characteristics

Intervention characteristics are summarised in Table 2, with
colour coding to identify similarities across studies according
to the groupings defined in Data synthesis: by control group;
and, by inclusion of intervention design elements that were
considered key to support PA maintenance. Interventions
frequently supported participants to complete PA inde-
pendently in their daily lives (n=11"6467707175.76)
while three interventions included PA delivered via the
system asynchronously via exercise videos (n=2,°*%") or
remotely tailored by therapist via the system (n=15C).
Seven of the interventions comprised in-person exercise
delivered either alongside a digital component (n=
5,7173.747881y or participants completed an in-person exercise
intervention prior to continuing with a digital intervention (n
=3,7727%) One intervention was exergaming only’’ and
another was online education only.%> Nine studies did not
include a supervised exercise programme,>-00-62-64:66.70.75.76

Digital interventions frequently included a website
(18/23 studies), while six studies used a custom smartphone
application.®®-67-71 748081 T4 agsist in  self-monitoring,
some form of sensing device was used in 43% (10/23) of
studies, with three of these®”-71-81 utilising the onboard
accelerometer within the user’s smartphone. Seven inter-
ventions used a wearable sensor to objectively monitor
PA, 067273767880 with devices ranging from a consumer
wearable such as a smartwatch, to a less high-tech con-
nected pedometer, and two systems utilised heart rate data
as part of the intervention.””*® Other methods of self-
monitoring and feedback were provided via websites in
six studies™ 01930468 byt relied on manual entry of the
data by participants.

Intervention duration ranged from 6 weeks to 12 months,
with 35% (8/23) of studies offering some form of reduced
intervention following the initial period, this was either in
the form of continued access to the web portal without the
supervision of clinicians, or the ability to continue to self-
monitor with the use of the sensing device (see Figure 2).
For one included study,®” the digital intervention was
intended to be the control group, where participants received
only online education via a web platform instead of a com-
paratively more intensive in-person exercise programme.

Digital interventions were compared with an active non-
digital comparator control in 10 studies, while 13 studies
had an inactive control, such as usual care or a waitlist, or
a minimal control, such as education only.

PA intervention approaches

All of the studies aimed to embed PA into daily life but varied
in their approach (Appendix 3 — PA details). Eleven of the 23
studies in this review integrated some behaviour change strat-
egies (e.g. action planning, problem solving, goal setting and
self-monitoring with diaries or devices) into an exercise pro-
gramme,®!:63-09-7173. 747781 e exercise programmes ranged
from existing community-based exercise referral
schemes,”*’® in-person supervised cardiac rehabilitation,”®
supervised walking classes,>’"*8! physiotherapy-led pro-
grammes®””* or unsupervised remote exercise.®®%777-80
Some studies®>®! tapered off the supervised element (e.g.
supervised walking) in order to support people to start build-
ing a habit of independent walking over the course of the inter-
vention, and others supported people to build new habits into
their daily life by using wearable devices and setting goals.

Nine studies did not include a supervised exercise pro-
59,60,62-64,66,70,75,76

gramme but did include a self-
management  programme®®®  or  education  ele-
ments 70203707576 with advice and practical tools to

support people to build PA into their everyday life. Three
studies explored the benefits of adding on PA following exit
from a supervised exercise programme, either Phase II
cardiac rehabilitation®"’* or pulmonary rehabilitation®’ in
order to maintain the effects of the initial exercise programme.

PA maintenance approaches

Studies were included if it was initially judged that they had
a follow-up at least three months following the end of the
main intervention. Of all, 35% (8/23) of the studies
included continuing PA elements past the end of the main
intervention period®®-®!-67:68:73-79-81 qy1ch as peer-supported
email discussion groups,60 recorded daily PA,°%!-67:68.73.79.81
feedback and or follow-up via the digital system or from the
research team.®'%%"?

Communication with a health care professional

The utilisation of telehealth approaches was evident in 10
studies either through asynchronous (7/10) or synchronous
communication (6/10) between the participant and the health-
care professional. For the latter, the healthcare professional
gave feedback whilst people exercised in the
system ®+6>7%737781 Health coaching, defined in this
review as communication approaches aimed at changing
health behaviour, was evident in very few studies (13% or 3/
2366’79’81). When present, this was described as motivational
interviewing with only two focusing specifically on PA coach-
ing,%” and all were non-digital elements of the intervention.

Theory

Where interventions had multiple components, theoretical
underpinnings are presented for the whole study
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Duplicate records removed
(n = 2505 automated

identification; n=8 manual
identification)

Records excluded

A 4

(n = 4378)

Reports excluded (n=105):
- No maintenance timepoint (n
= 34)

)
c Records identified from scoping
o review (n = 34)
i Records identified from
= databases (n = 7003):
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—
) \ 4
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c
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8 \ 4
0 .
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)
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review (n = 16)
New studies included in review
(n=7)
°
()
°
=]
: }
£
Total studies included in review
(n=23)
—

- No measure of PA (n = 5)

- Excluded intervention (n =
28)

- Excluded population (n = 14)
Excluded study design/no
main paper (n = 42)

Figure 1. PRISMA Flow diagram of study selection process.

intervention as it was not possible to isolate digital/non-
digital components (Table 2 — intervention components
table). Seven studies (30%) clearly specified the use of
behaviour change theory/taxonomy in the development of
the intervention. Five studies (22%) implied that theory or
taxonomy was used, but it was unclear which exact
theory/taxonomy was used, how it was used, or if it was
based on another intervention that suggested use of a
theory/taxonomy. One intervention clearly stated that
theory/taxonomy was used in intervention development
without clarification of the exact theories used. The use of
the behaviour change techniques®® was specified in two
interventions.®*’® In the remaining 11 studies (48%),
there was either no underpinning theory/taxonomy reported
or limited evidence to suggest their use in development of
the digital intervention.

Risk of bias

Risk of bias of included studies is summarised in Figures
3 and 4. Two studies’””’® were assessed as having low
risk of bias across all domains. Five studies were
assessed as having unclear risk of bias in one or more
domain. The remaining sixteen studies were assessed as
having unclear and/or high risk of bias in one or more
domain.

Effects of interventions

Data were presented in a format available for pooling in 14
studies at post-intervention and 13 studies at the mainten-
ance timepoint. Meta-analyses for the included outcomes
are shown in Figures 5-12.




14 DIGITAL HEALTH

Timescales of Intervention & Follow Up

Allen 2018
Alonso-Dominguez 2019
Avila 2019

Bossen 2013
Brouwers 2022 |
Cerdan-De-las-heras 2022
Devi 2014

Hawkins 2019
Jaarsma 2021

Kloek 2018

Lari 2018

Lorig 2010

Lubans 2009

Morgan 2013

Olson 2015

Reid 2012

Schlenk 2020

Taylor 2021

Thorsen 2022

van der weegen 2015
Volders 2020

Vorrink 2016

Wan 2020

o
(o))
=

2 18 24 30 36 42 4

Duration (months)

(o]

H Intervention Reduced Intervention B No Intervention

Figure 2. Intervention duration (months), maintenance elements and follow up. This figure shows the duration of each intervention (red
bar), whether a reduced version of the intervention continued into the maintenance period and its duration (pink bar), and the timing of
the longest maintenance time point (black bar) for each individual study.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias): All outcomes |
Blinding of outcome assessment (detection bias): All outcomes
Incomplete outcome data (attrition bias): All outcomes

Selective reporting (reporting bias)

Other bias

0%  25% 50% 75% 100%

I_. Low risk of bias [] Unclear risk of bias Il High risk of bias

Figure 3. Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included studies.

Effect of digital health interventions on PA at intervention (SMD=-029. 95% CI [-0.68. 0.09]
post-intervention timepoint #=189.20, p=.14), Figure 5. Excluding the study with a

Thirteen studies (n = 1904 participants) measuring object- minimal digital intervention as the intended control com-
ive PA were pooled and showed no significant effect post-  parator,®> did change the direction of the effect but did
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not show a significant effect (12 studies, n=1801 partici-
pants, SMD=0.09, 95% CI [-0.06, 0.23], I*=22.77,
p=.23), Figure 6. Six studies (n = 1475 participants) meas-
uring subjective PA were pooled and showed no significant
effect post-intervention (SMD=0.10, 95% CI [-0.03,
0.24], I’ =7.86, p=.13), Figure 7.

Effect of digital health interventions on PA at
maintenance timepoint

Fifteen studies (n =2304 participants) measuring objective
PA were pooled and showed no significant effect at the
maintenance timepoint (SMD =-0.07, 95% CI [-0.35,
0.21], P= 139.04, p =.64), Figure 8. Excluding the study
with a minimal digital intervention as the intended control
comparator, did change the direction of the effect but did
not show a significant effect (14 studies, n=2210 partici-
pants, SMD=0.11, 95% CI [-0.01, 0.24], I*=24.35,
p=.08), Figure 9. Nine studies (n=1592 participants)
measuring subjective PA were pooled and showed a small
significant effect at the maintenance timepoint (SMD =
0.13, 95% CI [0.02, 0.23], I*=8.43, p=.02), Figure 10.

Subgroup analysis

There was a difference between studies that compared
digital interventions to active non-digital controls, versus
comparison to minimal/inactive controls. Eight studies
(n=1273 participants) with an inactive or minimal
control were pooled and showed a small significant effect
in favour of the digital intervention at the post-intervention
timepoint (SMD =0.29, 95% CI [0.08, 0.48], I*=62%,
p=.003). Whereas six studies (n =982 participants) with
an active control showed no significant effect post-
intervention (SMD=-0.08, 95% CI [-0.22, 0.07],
P =20%, p=0.32), Figure 11. At the maintenance time-
point, seven studies (n = 1144 participants) with an inactive
or minimal control were pooled and showed a small signifi-
cant effect in favour of the digital intervention at the post-
intervention timepoint (SMD =0.24, 95% CI [0.05, 0.42],
P =56%, p=.01). Whereas six studies (n=664 partici-
pants) with an active control showed no significant effect
post-intervention (SMD =-0.06, 95% CI [-0.21, 0.9],
P =0%, p=.44), Figure 12.

Sensitivity analysis

It was not possible to conduct a sensitivity analysis explor-
ing the influence of risk of bias on effect size for the post-
intervention meta-analyses given that all but one study’®
had high risk of bias. Sensitivity analysis removing all
high risk of bias studies from the maintenance timepoint
meta-analyses slightly increased the effect sizes observed
for both objective (SMD=0.26, 95% CI [0.17, 0.35],

n=>586) and subjective (SMD=0.22, 95% CI [0.06,
0.39], n=352) PA outcomes. However, we note that only
two studies remained in each sensitivity analysis after
excluding high-risk studies, limiting the sensitivity analyses
to much smaller sample sizes.

Sensitivity analysis related to intervention design ele-
ments was not conducted as none of the studies included
all the elements that were considered key to support PA
maintenance (see colour coding, Table 2). Some included
nearly all the elements; for example, van der Weegen®®
was theoretically informed, included motivational inter-
viewing, and wearable to support goal setting, self-
monitoring and feedback (post intervention effect:
SMD = 0.39, 0.04 to 0.75; maintenance effect, SMD =
0.30, —0.06 to 0.66 compared to an inactive control), but
had no follow-on support once the intervention ended.
While Thorsen® had follow-on support, used a smart
phone accelerometer for self-monitoring, goal setting and
feedback, rather than a wearable device which would
have been preferable (post intervention, SMD = 0.11,
—0.17 to 0.39; maintenance effect, SMD = —0.04, —0.40
to 0.33 compared to an active control).

Discussion

Summary of findings

This review is novel given the focus on digital tools to
support people with LTCs to transition from initiating
changes in PA behaviour to the maintenance of this behav-
iour change longer-term. To do this we only included
studies with a follow-up at least three months after
intervention-end. Data were identified and synthesised
from 23 RCTs, and 14 of these studies were included in
meta-analyses of device-measured and self-reported PA
outcomes immediate post-intervention and the longest
maintenance timepoint, which was mostly 12 months or
less. We observed only one very small effect when
pooling studies overall (on subjective PA at the mainten-
ance timepoint), and this seemed to be moderated by the
nature of the control groups. Subgroup analyses suggested
digital health interventions support people to transition
from initiation to the maintenance of PA compared to an
inactive or minimal controls; whereas no differences in
effect were observed between digital health interventions
and active controls. Confidence in these findings is very
low as only two of the included studies were at a low risk
of bias.

Given the potential of digital tools to provide tailored
support, we investigated whether digital tools were used
to support people with multiple LTCs or multimorbidity.
In our narrative synthesis, we found only a few studies
that included more than one LTC, with the majority
designed to support people with single LTCs, with meta-
bolic, musculoskeletal and cardiorespiratory being most
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Blinding of participants and personnel (performance bias): All outcomes

. . . . . . . . . . . | =~ . . ) . . . . . . . Blinding of outcome assessment (detection bias): All outcomes

Allen 2018
Alonso-Domingues 2019
Avila 2019

Bossen 2013

Brouwers 2022

Cerdan de la Heras 2022
Devi 2014

Hawkins 2019
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Kloek 2018
Lari 2018
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Morgan 2013
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Figure 4. Risk of bias summary: review authors’ judgements about
each risk of bias item for each included study.

commonly included. We identified that a range of digital
tools were used; the majority were web-based, with
around half including a sensor to monitor PA via a smart-
phone or a wearable device. It is notable that many were
combined with non-digital elements, such as supervised

exercise classes, supervised walks or exercise referral
schemes, delivered either prior to or simultaneously with
the digital intervention. Given the promise that digital can
reduce or replace human support, our findings showed
that in-person support was a common component either
within or outside the digital tool; although in some
studies the use of the digital tool did replace some of the
human support. Few reported use of communication
approaches such as health coaching to support people to
build autonomy and self-efficacy, and thus support behav-
iour change. This discussion will explore a number of
factors that may have contributed to the observed effects.

Effect size

Subgroup analysis based on the nature of the control group
showed a consistent effect in favour of digital health inter-
ventions compared to inactive or minimal control groups,
both at the end of the intervention (small to moderate
effect, 0.29) and the maintenance timepoints (small effect,
0.24). Our short-term and maintenance effects are similar
to those observed in a review of the long-term effects of
mHealth PA interventions.®® In contrast to our review
Monninghoff et al.,®® did not show that control group
type moderated the effect size; but did show that effects
were larger in people at risk or with health conditions. It
is not possible to directly compare our results as we only
included people with LTCs. Some of the differences in find-
ings may be explained by our inclusion criteria for digital
tools; Monninghoff et al.** excluded trials where only a
website was used, whereas these were a common compo-
nent of interventions in our review, and perhaps are less
effective than interventions with mobile digital components
that enable people with LTCs to actively self-monitor their
PA levels. Wearable devices have been shown to improve
PA levels when combined with exercise prescription or
advice in the maintenance phase of cardiac rehab.®*
Another similar review, focusing on digital health interven-
tions for PA for people with LTCs,*® did not exclude
studies without follow up of at least three months and
searched for RCTs on eight of the 18 LTCs that we
included. This review demonstrated similar small effects
in favour of digital interventions compared to minimal or
usual care controls. However, little detail was given on
the usual care controls and so it is difficult to compare to
our findings where the control group moderated our
meta-analysis results.

Differences dependent on the control group

Forty three percent of included studies compared a digital
intervention to an active (either supervised or unsupervised
exercise) control group, and in the meta-analysis we
observed no difference in effect. Although the variance
values are low in these analyses, there was variability in
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Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Alonso-Domingues 2019 10,714 4,550 94 8,464 4,731 9 8.2% 0.48 [0.19, 0.78]
Bossen 2013 361 131.2 27 358 1355 30 7.4% 0.02 [-0.50, 0.54] ]
Brouwers 2022 19 05 27 23 0.9 28 7.4% -0.54 [-1.08, -0.00]
Cerdan de la Heras 2022 9,000 4,242 18 11,985 10,783 13 6.6% -0.38 [-1.10, 0.34] - 1
Kloek 2018 255 177 78 255 237 73 8.1% 0.00 [-0.32, 0.32] -1
Lubans 2009 9,778 2,452 34 8,933 3,522 31 7.5% 0.28 [-0.21, 0.77] -1 =
Olson 2015 8.3 1.3 52 202 25 51 5.8% -5.94 [-6.86, -5.03] ¢
Reid 2012 7,079 3,159 79 6,186 3,159 75 8.1% 0.28 [-0.04, 0.60] T -
Schlenk 2020 40.53 26.8 91 46.69 36.5 91 8.2% -0.19 [-0.48, 0.10] -
Thorsen 2022 36 202 140 1.3 213 74 8.2% 0.11[-0.17, 0.39] -1
van der Weegen 2015 48.16 23.8 58 39.61 19.5 65  8.0% 0.39 [0.04, 0.75] .
Volders 2020 204 184 178 191 176 267 8.4% 0.07 [-0.12, 0.26] =
Vorrink 2016 -0.061 0.97 72 -0.061 0.97 67 8.1% 0.00 [-0.33, 0.33] - 1
Total (95% Cl) 948 956 100.0% -0.29 [-0.68, 0.09] ’-
Heterogeneity: Tau? = 0.46; Chiz = 189.20, df = 12 (P < 0.00001); I2 = 94% f t ; f
Test for overall effect: Z = 1.49 (P = 0.14) 4005 0 05 1
Favours control  Favours intervention

Figure 5. Forest plot of objective PA outcomes at post-intervention.

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Alonso-Domingues 2019 10,714 4,550 94 8,464 4,731 91 10.2% 0.48 [0.19, 0.78]
Bossen 2013 361 131.2 27 358 1355 30 5.3% 0.02 [-0.50, 0.54] |
Brouwers 2022 19 05 27 23 0.9 28  51% -0.54 [-1.08, -0.00] S
Cerdan de la Heras 2022 9,000 4,242 18 11,985 10,783 13 3.2% -0.38 [-1.10, 0.34] - 1
Kloek 2018 255 177 78 255 237 73 9.4% 0.00[-0.32, 0.32] -1
Lubans 2009 9,778 2,452 34 8,933 3,522 31 5.8% 0.28 [-0.21, 0.77] -1 -
Olson 2015 8.3 1.3 52 202 25 51 0.0% -5.94 [-6.86, -5.03]
Reid 2012 7,079 3,159 79 6,186 3,159 75 9.4% 0.28 [-0.04, 0.60] T =
Schlenk 2020 40.53 26.8 91 46.69 36.5 91 10.2% -0.19[-0.48, 0.10] - 1
Thorsen 2022 3.6 202 140 1.3 213 74 10.5% 0.11[-0.17, 0.39] -1
van der Weegen 2015 48.16 238 58 39.61 19.5 65 8.4% 0.39 [0.04, 0.75] -
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Figure 6. Forest plot of objective PA outcomes at post-intervention excluding Olson 2015.

the digital interventions, two studies included digital com-
ponents only, whereas the other eight studies included a
mix of digital and non-digital components such as starting
with supervised exercise and then moving to unsupervised
exercise supported by digital tools. These findings therefore
provide preliminary support that digital tools are compar-
able to in-person supervised exercise, potentially reducing
human resources and making intervention delivery more
scalable. The need for in-person support as part of digital
interventions was debated in our scoping review.’ Similar
recent reviews have not reported whether trials included
this key information.>® Other authors have argued that scal-
able digital interventions are those that leverage automated
components without any of these human-to-human interac-
tions; and showed no difference in positive effects between
scalable and non-scalable mHealth interventions.*> We
were unable to make any judgements on this in this
review, however, it may be important for people with

health conditions to receive in-person support, to give
them the skills and confidence to then continue to be physic-
ally active independently. Communication approaches such
as motivational interviewing have been associated with the
maintenance of behaviour change by facilitating self-
regulation and positive motivation,’*®> and Ref.%® in our
review showed that a website used alongside health coaching
was more effective than either alone. Although not a
common feature in this review (n=3 studies), it would be
interesting in future studies to explore the possibility of inte-
grating this type of communication within the digital tool.

This review did not consider the impact of participant
characteristics on response to minimal controls. Previous
PA maintenance reviews have found that motivated, well-
educated, younger and white participants respond to
minimal controls,” suggesting that intervention dose could
be matched to participant characteristics and titrated depend-
ing on their initial response to minimal interventions.




18 DIGITAL HEALTH

Control Intervention Std. Mean Difference Std. Mean Difference
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Figure 7. Forest plot of subjective PA outcomes at post-intervention.

Intervention design elements

While this systematic review aimed to evaluate the effect-
iveness of digital interventions in supporting the mainten-
ance of PA behaviour change, the studies identified were
mainly designed to support participants to initiate PA and
had a long-term follow-up measurement of PA, rather
than being specifically designed to support long-term main-
tenance of PA. Only 35% of the included interventions had
continuing PA elements past the end of the full intervention
period, despite NICE behaviour change guidelines” recom-
mending that people receive feedback and monitoring up to
one year after the end of an intervention to make sure
people can get help to address relapses in behaviour.
Despite the opportunity of digital interventions to continue
indefinitely, very few of the studies included or reported on
these continuing intervention components. A range of strat-
egies have been reported in other reviews such as phone
calls, devices, home visits, logbooks, web-based instruc-
tions, written material and visual instructions.” However,
even with such behaviour change support their effective-
ness regresses to previous levels once the intervention is
completed.”® This means very little is known about how
to support people to maintain PA behaviour long-term.
Existing literature in this area demonstrates a lack of report-
ing of maintenance outcomes, small improvements at
follow-up that often diminish over time, or no significant
differences in PA maintenance outcomes,”%3

Just over a third of studies clearly identified theory with
even fewer explicitly naming specific behaviour change
techniques,®” and although 50% listed some behaviour
change strategies, for example, action planning, goal
setting etc., these were often linked to generic self-
management programmes rather than embedded within
the exercise classes or linked with the use of the digital
tool. In addition to the limited use of theory in behaviour
change, it is notable that no single digital intervention uti-
lised all the features described in Table 2. The use of
approaches including biofeedback, remote supervision,
goal setting, self-monitoring, education, reminders, gamifi-
cation and social support are regularly incorporated into the
design of digital health interventions which offer new

opportunities to promote behaviour change.®® When exam-
ining PA in particular, design features such as reminders in
the form of text messaging and personalisation have shown
increased effectiveness in improving PA in healthy adults,®’
with gamification also shown to have an effect in encour-
aging maintenance of PA levels during pandemic-related
lockdowns.®® In the clinical cohort, digital interventions
which incorporate a variety of passive and interactive fea-
tures have been shown to be more effective for behaviour
change in the management of diabetes, although the effect-
iveness of more interactive features diminishes over time.*’
Whilst it is unclear what the optimal design features are
from a long-term PA maintenance perspective, the oppor-
tunity to implement PA interventions on a long-term basis
with minimal resource burden, and the effect of this, is
one that should be explored further.

Multimorbidity management

Participants with metabolic, musculoskeletal and cardio-
respiratory LTCs were most commonly included, and the
majority of studies focused on these single conditions,
despite the fact that the demographic profiles in some
studies indicated multimorbidity. We know that experien-
cing multiple health conditions is common, with increasing
numbers of conditions associated with lower PA levels in
individuals.'"' We also know that exercise and remaining
active is recommended for people across different health
conditions."° This indicates that targeting these interven-
tions for people with multiple health conditions might be
particularly feasible and effective, as PA interventions are
able to improve health across multiple different LTCs."'
Two recent reviews have concluded that being active is
safe for people with multiple health conditions.***' Both
reviews recognised that future studies should focus on inter-
ventions tailored to individuals’ goals and preferences in
order to improve effect estimates and adherence. From a
clinical perspective, it may be necessary to tailor interven-
tions to an individual as the presence of other conditions
may lower their baseline levels of physical function and
require adaptions, such as lower PA intensity for people
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Figure 8. Forest plot of objective PA outcomes at the maintenance timepoint.

Test for overall effect: Z = 1.75 (P = 0.08)
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Figure 9. Forest plot of objective PA outcomes at the maintenance timepoint excluding Olson 2015.
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Figure 10. Forest plot of subjective PA outcomes at the maintenance timepoint.

with cardiac conditions or more time and support to over-
come higher levels of pain, fear of pain and disability."'
In our previous work we have measured people’s PA

over seven days and used tools such as a six-minute walk
test, and a 10-min self-efficacy walk to establish baseline
functional ability and confidence levels in people with
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Figure 11. Subgroup analysis by control group at the post-intervention timepoint.
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Figure 12. Subgroup analysis by control group at the maintenance timepoint.

low back pain or COPD?*~* which allowed us to tailor our
initial PA intervention goals. This worked well for people
with LTC who were supported by the clinician to set and pro-
gress their PA goals, particularly in those with other health
conditions, very low levels of baseline PA, physical function
and confidence to be active.”* Harnessing digital tools to
automate these processes may be valuable in the future.

Strengths

A strength of this systematic review is the inclusion of 18
different LTCs and the focus on trials with outcomes at
least three months after the main intervention ended. This
allowed us to identify a significant body of evidence in
order to understand the impact of digital tools across this
wide range of conditions, and to explore whether the
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digital tools were designed to manage PA maintenance in
people with multiple health conditions. Other strengths
were the use of two authors to screen studies, extract data
and complete the risk of bias assessments.

Limitations

In the title/abstract screening stage we excluded studies that
did not have follow-up at least three months after the end of
the main intervention. It is therefore possible that we
excluded well designed theoretically-informed PA mainten-
ance feasibility or pilot trials for this reason. Any updates to
our search dates will identify these studies once they report
on future definitive trials with maintenance time point out-
comes measures. In terms of interpretation of our findings, a
limitation is the heterogeneity of the interventions across
the studies. This is indicated in the wide CIs around our
effect estimates and the high /* values in the overall com-
parisons, and in the subgroup analyses versus an inactive/
minimal control. Given that few studies included a
digital-only group, any positive results can only be attribu-
ted to combined effects of digital and non-digital interven-
tions and we do not know the individual contribution of the
digital element to these results. Finally, the quality of evi-
dence was low, suggesting that the true effect of the inter-
ventions may differ from the ones reported in this
systematic review. We were limited in our exploration of
the factors that could have explained our meta-analysis
findings. However, as more studies are published a wider
number of factors could be explored. For example, we did
not explore the impact of intervention design elements as
none of the studies included all the elements that were con-
sidered key to support PA maintenance. We could consider
a meta-regression in a future review, like that planned in a
systematic review of PA referral scheme components.” A
meta-regression could be conducted if there are sufficient
studies available for each component, to test their impact
on effect estimates. We did not extract adherence with the
digital tools and therefore could not explore this impact
on our findings. A previous review has demonstrated a
weak but consistent positive association between engage-
ment with a PA digital health intervention and PA out-
comes,”® and we would recommend this is included in
future reviews in this area.

Conclusion

This review provides some preliminary evidence that
interventions incorporating digital tools may be more
effective than minimal controls at supporting people
with LTCs to increase and maintain PA levels up to 12
months after the main intervention ends. Notably, digital
tools were often used within multicomponent interven-
tions, either simultaneously with or following in-person
exercise interventions. Future research should explore

effective intervention components and consider the inter-
play of the need for human support versus the scalability
of digital interventions. Confidence in the findings of
this review is very low given the quality of the evidence
and we expect that future research will change these
findings.
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