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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% CI [−0.35, 0.21]; self-reported out-
comes: SMD= 0.11, 95% CI [−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).1,2 Previous systematic
reviews and guidelines have reported the benefits of PA
for managing people with LTCs and reducing risks of
future comorbidity.3,4,5,6 People with LTCs are often less
active than the general population3,7,8 and those with
more than one LTC, defined as multimorbidity,9 are even
less active.10 Evidence suggests that PA levels are inversely
proportionate to the number of conditions an individual
has.11 In many countries, it is a priority to support this
population to be more active,12 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.13,14

Clinician-delivered exercise programmes are recom-
mended for people with LTCs to start to be more
active.15 However, it has been shown that people with dia-
betes,16 cardiac disease,17 chronic obstructive pulmonary
disease (COPD)18 and arthritis19,20 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.22

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.24,25

Digital technologies have been advocated as a means to
provide patient-centred, tailored programmes and deliver
evidenced-based behaviour change techniques.26 These
usually require minimal healthcare professional guidance,27

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.28 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.31,32 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.7

The aim of the scoping review was to identify
and describe the literature on digital tools used for PA main-
tenance across 18 LTCs.7 Using a wider lens of knowledge
synthesis, the scoping review identified 34 studies that used
a range of digital tools.7,33 Systematic review evidence for
both PA maintenance5,18,32,34 and digital interventions35–39

for people with LTCs is growing. To date, systematic
reviews of digital tools for people with LTCs have often
focused on single conditions.34–37 Two reviews including
a range of LTCs did not include PA outcomes,38 or did
not focus specifically on the maintenance of PA.39 This
indicated the value of developing a more focused research
question using systematic review methodology40 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) guidelines41 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 designswere excluded from this systematic
review so its conclusions on the effectiveness of the interven-
tions could be based on the best available evidence.42

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 Framework43 and
the National Institute for Health and Care Excellence PA
pathways.44
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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 review7 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 software45 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 theories46;
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 1.47 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.48

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.49 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 I2 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.49 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 informed30,50,51+ building a habit through prac-
tice of PA skills in daily life50,51,52+multiple digital
elements that included a wearable to support goal
setting, self-monitoring and feedback51,53+ health care

professional (HCP) support to build autonomy and self-
efficacy through communication approaches54–56

+follow up and support to maintain PA behaviour.52

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.57 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% CIs
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.58 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,59–81 including n= 18 from the scoping
review.7 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),59–81 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= 5
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= 5),
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= 11,59–64,67,70,71,75,76),
while three interventions included PA delivered via the
system asynchronously via exercise videos (n= 2,68,69) or
remotely tailored by therapist via the system (n= 1,80).
Seven of the interventions comprised in-person exercise
delivered either alongside a digital component (n=
5,71,73,74,78,81) or participants completed an in-person exercise
intervention prior to continuing with a digital intervention (n
= 3,67,72,79). One intervention was exergaming only77 and
another was online education only.65 Nine studies did not
include a supervised exercise programme.59,60,62–64,66,70,75,76

Digital interventions frequently included a website
(18/23 studies), while six studies used a custom smartphone
application.66,67,71,74,80,81 To assist in self-monitoring,
some form of sensing device was used in 43% (10/23) of
studies, with three of these67,71,81 utilising the onboard
accelerometer within the user’s smartphone. Seven inter-
ventions used a wearable sensor to objectively monitor
PA,66,72,73,76,78–80 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.79,80 Other methods of self-
monitoring and feedback were provided via websites in
six studies59–61,63,64,68 but 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,65 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.61,65,69,71,73,74,77,81 The exercise programmes ranged
from existing community-based exercise referral
schemes,73,78 in-person supervised cardiac rehabilitation,79

supervised walking classes,65,71,81 physiotherapy-led pro-
grammes69,74 or unsupervised remote exercise.68,69,74,77,80

Some studies65,81 tapered off the supervised element (e.g.
supervised walking) in order to support people to start build-
ing a habit of independentwalking 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-
gramme59,60,62–64,66,70,75,76 but did include a self-
management programme60,66 or education ele-
ments59,62,63,70,75,76 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 rehabilitation61,72 or pulmonary rehabilitation67 in
order tomaintain 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 period60,61,67,68,73,79–81 such as peer-supported
email discussion groups,60 recorded daily PA,61,67,68,73,79,81

feedback and or follow-up via the digital system or from the
research team.61,68,79

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.64,65,72,73,77–81 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
interviewingwith only two focusing specifically on PA coach-
ing,66,79 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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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 techniques82 was specified in two
interventions.64,78 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 studies77,78 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.

Figure 1. PRISMA Flow diagram of study selection process.
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Effect of digital health interventions on PA at
post-intervention timepoint

Thirteen studies (n= 1904 participants) measuring object-
ive PA were pooled and showed no significant effect post-

intervention (SMD=−0.29, 95% CI [−0.68, 0.09],
I2= 189.20, p= .14), Figure 5. Excluding the study with a
minimal digital intervention as the intended control com-
parator,65 did change the direction of the effect but did

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.

Figure 3. Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included studies.
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not show a significant effect (12 studies, n= 1801 partici-
pants, SMD= 0.09, 95% CI [−0.06, 0.23], I2= 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], I2= 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], I2= 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], I2= 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], I2= 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], I2= 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],
I2= 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],
I2= 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],
I2= 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 study78

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 Weegen66

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 Thorsen81 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

Howes et al. 15



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.83 In contrast to our review
Mönninghoff et al.,83 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; Mönninghoff et al.83 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.84

Another similar review, focusing on digital health interven-
tions for PA for people with LTCs,39 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

Figure 4. Risk of bias summary: review authors’ judgements about
each risk of bias item for each included study.
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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.7 Similar
recent reviews have not reported whether trials included
this key information.39 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.83 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,50,85 and Ref.66 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,32 suggesting that intervention dose could
be matched to participant characteristics and titrated depend-
ing on their initial response to minimal interventions.

Figure 6. Forest plot of objective PA outcomes at post-intervention excluding Olson 2015.

Figure 5. Forest plot of objective PA outcomes at post-intervention.
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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 guidelines52 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.5 However,
even with such behaviour change support their effective-
ness regresses to previous levels once the intervention is
completed.28 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.28,56,83

Just over a third of studies clearly identified theory with
even fewer explicitly naming specific behaviour change
techniques,82 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.86 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,87

with gamification also shown to have an effect in encour-
aging maintenance of PA levels during pandemic-related
lockdowns.88 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.89

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.11 We also know that exercise and remaining
active is recommended for people across different health
conditions.1,90 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.11

Two recent reviews have concluded that being active is
safe for people with multiple health conditions.39,91 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

Figure 7. Forest plot of subjective PA outcomes at post-intervention.
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with cardiac conditions or more time and support to over-
come higher levels of pain, fear of pain and disability.11

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

Figure 9. Forest plot of objective PA outcomes at the maintenance timepoint excluding Olson 2015.

Figure 8. Forest plot of objective PA outcomes at the maintenance timepoint.

Figure 10. Forest plot of subjective PA outcomes at the maintenance timepoint.
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low back pain or COPD92–94 which allowed us to tailor our
initial PA intervention goals. This worked well for people
with LTCwho 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.94 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

Figure 11. Subgroup analysis by control group at the post-intervention timepoint.

Figure 12. Subgroup analysis by control group at the maintenance timepoint.
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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 I2 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.95 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,96 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.

Acknowledgements: We would like to thank RCSI librarians,
Paul Murphy, Andrew Simpson and Killian Walsh, for their
assistance in the conduct of the searches.

Contributorship: SMD and PC researched literature and
conceived the study. All authors were involved in data screening
and extraction. SMD and SH conducted data analysis and wrote
the first draft of the manuscript. All authors reviewed and edited
the manuscript and approved the final version of the manuscript.

Declaration of Conflicting Interests: The authors declared no
potential conflicts of interest with respect to the research,
authorship, and/or publication of this article.

Ethical approval and consent: As this was a systematic review,
ethical approval and consent were not required.

Funding: AS’s time this was funded by the Health Research
Board and ARTHRITIS IRELAND under the HRCI-HRB Joint
Funding Scheme HRCI-HRB-2022-010. PC’s time was
supported by the National Institute for Health Research Applied
Research Collaboration Wessex, United Kingdom

Guarantor: SMcD.

ORCID iDs: Sarah Howes https://orcid.org/0000-0001-9314-
5281
Paul Clarkson https://orcid.org/0000-0001-5955-5711
Suzanne M McDonough https://orcid.org/0000-0003-3758-
3302

Supplemental Material: All supplemental material mentioned in
the text is available in the online version of the journal.

References
1. Bull FC, Al-Ansari SS, Biddle S, et al. World Health

Organization 2020 guidelines on physical activity and seden-
tary behaviour. Br J Sports Med 2020; 54: 1451–62. doi:10.
1136/bjsports-2020-102955

2. World Health Organization. Physical activity. World Health
Organization; Available at: https://www.who.int/dietphysica-
lactivity/pa/en/ (2019, accessed 14 November 2019).

3. Saunders DH, Sanderson M, Hayes S, et al. Physical fitness
training for stroke patients. Cochrane Database Syst Rev
2020; 3. https://doi.org/10.1002/14651858.CD003316.pub7

4. Osthoff AK, Niedermann K, Braun J, et al. 2018 EULAR
recommendations for physical activity in people with

Howes et al. 21

https://orcid.org/0000-0001-9314-5281
https://orcid.org/0000-0001-9314-5281
https://orcid.org/0000-0001-9314-5281
https://orcid.org/0000-0001-5955-5711
https://orcid.org/0000-0001-5955-5711
https://orcid.org/0000-0003-3758-3302
https://orcid.org/0000-0003-3758-3302
https://orcid.org/0000-0003-3758-3302
http://dx.doi.org/10.1136/bjsports-2020-102955
http://dx.doi.org/10.1136/bjsports-2020-102955
http://dx.doi.org/10.1136/bjsports-2020-102955
http://dx.doi.org/10.1136/bjsports-2020-102955


inflammatory arthritis and osteoarthritis. Ann Rheum Dis
2018; 77: 1251–60. doi:10.1136/annrheumdis-2018-213585

5. Marley J, Tully MA, Porter-Armstrong A, et al. The effective-
ness of interventions aimed at increasing physical activity in
adults with persistent musculoskeletal pain: a systematic
review and meta-analysis. BMC Musculoskelet Disord 2017;
18: 1–20. doi:10.1186/s12891-017-1836-2

6. Carson KV, Chandratilleke MG, Picot J, et al. Physical train-
ing for asthma. Cochrane Database Syst Rev 2013; 9. https://
doi.org/10.1002/14651858.CD003316.pub7

7. Clarkson P, Stephenson A, Grimmett C, et al. Digital tools to
support the maintenance of physical activity in people with
long-term conditions: a scoping review. Digital Health
2022; 8: 20552076221089778. doi:10.1177/20552076221
089778

8. Moseng T, Tveter AT, Holm I, et al. Patients with musculo-
skeletal conditions do less vigorous physical activity and
have poorer physical fitness than population controls: a cross-
sectional study. Physiotherapy 2014; 100: 319–24. doi:10.
1016/j.physio.2013.11.005

9. Fortin M, Bravo G, Hudon C, et al. Prevalence of multimor-
bidity among adults seen in family practice. Ann Family
Med 2005; 3: 223–8. doi:10.1370/afm.272

10. Vancampfort D, Koyanagi A, Ward PB, et al. Chronic phys-
ical conditions, multimorbidity and physical activity across 46
low- and middle-income countries. Int J Behav Nutr Phys Act
2017; 14: 1–3.

11. Muckelt PE, Roos EM, Stokes M, et al. Comorbidities and
their link with individual health status: a cross-sectional ana-
lysis of 23,892 people with knee and hip osteoarthritis from
primary care. J Comorbidity 2020; 10: 2235042X20920456.
doi:10.1177/2235042X20920456

12. World Health Organization. Promoting physical activity
through primary health care: a toolkit. World Health
Organization, https://www.who.int/publications/i/item/
9789240035904 (2021, accessed 20 September 2024).

13. Sniehotta FF, Evans EH, Sainsbury K, et al. Behavioural
intervention for weight loss maintenance versus standard
weight advice in adults with obesity: a randomised controlled
trial in the UK (NULevel Trial). PLoS Med 2019; 16:
e1002793. doi:10.1371/journal.pmed.1002793

14. Dunton GF, Leventhal AM, Rebar AL, et al. Towards consen-
sus in conceptualizing and operationalizing physical activity
maintenance. Psychol Sport Exerc 2022; 61: 102214.
doi:10.1016/j.psychsport.2022.102214

15. NICE 2019 National Institute for Health and Care Excellence
(NICE). NICE Physical activity pathway. Available at:
https://pathways.nice.org.uk/pathways/physical-activity (2019,
accessed 23 October 2019).

16. Booth JE, Benham JL, Schinbein LE, et al. Long-term phys-
ical activity levels after the end of a structured exercise inter-
vention in adults with type 2 diabetes and prediabetes: a
systematic review. Can J Diabetes 2020; 44: 680–7.

17. Reid RD, Wooding EA, Blanchard CM, et al. A randomized
controlled trial of an exercise maintenance intervention in
men and women after cardiac rehabilitation (ECO-PCR
trial). Can J Cardiol 2021;37(5):794–802.

18. Jenkins AR, Gowler H, Curtis F, et al. Efficacy of supervised
maintenance exercise following pulmonary reha bilitation on
health care use: a systematic review and meta-analysis. Int J

Chron Obstruct Pulmon Dis 2018: 257–73. doi:10.2147/
COPD.S150650

19. Willett M, Duda J, Fenton S, et al. Effectiveness of behaviour
change techniques in physiotherapy interventions to promote
physical activity adherence in lower limb osteoarthritis
patients: a systematic review. PloS one 2019; 14: e0219482.
doi:10.1371/journal.pone.0219482

20. Cinthuja P, Krishnamoorthy N and Shivapatham G. Effective
interventions to improve long-term physiotherapy exercise
adherence among patients with lower limb osteoarthritis. A
systematic review. BMC Musculoskelet Disord 2022; 23:
147. doi:10.1186/s12891-022-05050-0

21. Keogh A, Tully MA, Matthews J, et al. A review of behaviour
change theories and techniques used in group based self-
management programmes for chronic low back pain and arth-
ritis. Man Ther 2015; 20: 727–35. doi:10.1016/j.math.2015.
03.014

22. Walker KC, Valentiner LS and Langberg H. Motivational
factors for initiating, implementing, and maintaining physical
activity behavior following a rehabilitation program for
patients with type 2 diabetes: a longitudinal, qualitative, inter-
view study. Patient Prefer Adherence 2018: 145–52. doi:10.
2147/PPA.S150008

23. Sheeran P, Wright CE, Listrom O, et al. Which intervention
strategies promote the adoption and maintenance of physical
activity? Evidence from behavioral trials with cancer survi-
vors. Ann Behav Med 2023; 57: 708–21. doi:10.1093/abm/
kaad002

24. Dekker J, de Rooij M and van der Leeden M. Exercise and
comorbidity: the i3-S strategy for developing comorbidity-
related adaptations to exercise therapy. Disabil Rehabil 2016;
38: 905–9. doi:10.3109/09638288.2015.1066451

25. Hurley DA, Jeffares I, Hall AM, et al. Feasibility cluster ran-
domised controlled trial evaluating a theory-driven group-
based complex intervention versus usual physiotherapy to
support self-management of osteoarthritis and low back pain
(SOLAS). Trials 2020; 21: 1–21.

26. Yardley L, Choudhury T, Patrick K and Michie S. Current
issues and future directions for research into digital behavior
change interventions. Am J Prev Med 2016;51(5).

27. Little P, Stuart B, Hobbs FR, et al. An internet-based interven-
tion with brief nurse support to manage obesity in primary
care (POWeR+): a pragmatic, parallel-group, randomised
controlled trial. Lancet Diabetes Endocrinol 2016; 4: 821–8.
doi:10.1016/S2213-8587(16)30099-7

28. McEwan D, Rhodes RE and Beauchamp MR. What happens
when the party is over?: Sustaining physical activity beha-
viors after intervention cessation. Behav Med 2022; 48: 1–9.
doi:10.1080/08964289.2020.1750335

29. Kahlert D. Maintenance of physical activity: do we know
what we are talking about? Prev Med Rep 2015; 2: 178–80.
doi:10.1016/j.pmedr.2015.02.013

30. Rhodes RE and Sui W. Physical activity maintenance: a
critical narrative review and directions for future research.
Front Psychol 2021; 12: 725671. doi:10.3389/fpsyg.2021.
725671

31. Fjeldsoe B, Neuhaus M, Winkler E, et al. Systematic review
of maintenance of behavior change following physical activity
and dietary interventions. Health Psychol 2011; 30: 99–109.
doi:10.1037/a0021974

22 DIGITAL HEALTH

http://dx.doi.org/10.1136/annrheumdis-2018-213585
http://dx.doi.org/10.1136/annrheumdis-2018-213585
http://dx.doi.org/10.1136/annrheumdis-2018-213585
http://dx.doi.org/10.1186/s12891-017-1836-2
http://dx.doi.org/10.1186/s12891-017-1836-2
http://dx.doi.org/10.1186/s12891-017-1836-2
http://dx.doi.org/10.1186/s12891-017-1836-2
http://dx.doi.org/10.1177/20552076221089778
http://dx.doi.org/10.1177/20552076221089778
http://dx.doi.org/10.1016/j.physio.2013.11.005
http://dx.doi.org/10.1016/j.physio.2013.11.005
http://dx.doi.org/10.1370/afm.272
http://dx.doi.org/10.1177/2235042X20920456
http://dx.doi.org/10.1371/journal.pmed.1002793
http://dx.doi.org/10.1016/j.psychsport.2022.102214
http://dx.doi.org/10.2147/COPD.S150650
http://dx.doi.org/10.2147/COPD.S150650
http://dx.doi.org/10.1371/journal.pone.0219482
http://dx.doi.org/10.1186/s12891-022-05050-0
http://dx.doi.org/10.1186/s12891-022-05050-0
http://dx.doi.org/10.1186/s12891-022-05050-0
http://dx.doi.org/10.1186/s12891-022-05050-0
http://dx.doi.org/10.1016/j.math.2015.03.014
http://dx.doi.org/10.1016/j.math.2015.03.014
http://dx.doi.org/10.2147/PPA.S150008
http://dx.doi.org/10.2147/PPA.S150008
http://dx.doi.org/10.1093/abm/kaad002
http://dx.doi.org/10.1093/abm/kaad002
http://dx.doi.org/10.3109/09638288.2015.1066451
http://dx.doi.org/10.1016/S2213-8587(16)30099-7
http://dx.doi.org/10.1016/S2213-8587(16)30099-7
http://dx.doi.org/10.1016/S2213-8587(16)30099-7
http://dx.doi.org/10.1080/08964289.2020.1750335
http://dx.doi.org/10.1016/j.pmedr.2015.02.013
http://dx.doi.org/10.3389/fpsyg.2021.725671
http://dx.doi.org/10.3389/fpsyg.2021.725671
http://dx.doi.org/10.1037/a0021974


32. Grimmett C, Corbett T, Brunet J, et al. Systematic review and
meta-analysis of maintenance of physical activity behaviour
change in cancer survivors. Int J Behav Nutr Phys Act
2019; 16: 1–20. doi:10.1186/s12966-019-0787-4

33. World Health Organization. Classification of digital health
interventions v1. 0: a shared language to describe the uses
of digital technology for health. No. WHO/RHR/18.06.
World Health Organization, https://www.who.int/reproducti-
vehealth/publications/mhealth/classification-digital-health-
interventions/en/ (2018, accessed 12 March 2020).

34. Graham H, Prue-Owens K, Kirby J, et al. Systematic review
of interventions designed to maintain or increase physical
activity post-cardiac rehabilitation phase II. Rehabil Process
Outcome 2020; 9: 1179572720941833. doi:10.1177/
1179572720941833

35. McCabe C, McCann M and Brady AM. Computer and mobile
technology interventions for self-management in chronic
obstructive pulmonary disease. Cochrane Database Syst
Rev 2017; 5.

36. Belisario JS, Huckvale K, Greenfield G, et al. Smartphone and
tablet self management apps for asthma. Cochrane Database
Syst Rev 2013; 11: 37.

37. Janjua S, Banchoff E, Threapleton CJD, Prigmore S, Fletcher
J and Disler RT. Digital interventions for the management of
chronic obstructive pulmonary disease. Cochrane Database
Syst Rev 2021(4).

38. Kraef C, van der Meirschen M and Free C. Digital telemedi-
cine interventions for patients with multimorbidity: a system-
atic review and meta-analysis. BMJ Open 2020; 10: e036904.
doi:10.1136/bmjopen-2020-036904

39. Zangger G, Bricca A, Liaghat B, et al. Benefits and harms of
digital health interventions promoting physical activity in
people with chronic conditions: systematic review and
meta-analysis. J Med Internet Res 2023; 25: e46439. doi:10.
2196/46439

40. Amog K, Pham B, Courvoisier M, et al. The web-based “right
review” tool asks reviewers simple questions to suggest
methods from 41 knowledge synthesis methods. J Clin
Epidemiol 2022; 147: 42–51.

41. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann
TC, Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA,
Brennan SE and Chou R. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ.
2021;372.

42. McKenzie JE, Brennan SE, Ryan RE, et al. Chapter 3:
Defining the criteria for including studies and how they will
be grouped for the synthesis. In: Higgins JPT, Thomas J,
Chandler J, et al. (eds) Cochrane handbook for systematic
reviews of interventions version 6.4 (updated August 2023).
Cochrane, www.training.cochrane.org/handbook (2023,
accessed 9 May 2024).

43. NHS Digital. Quality and outcomes framework (QOF),
England: 2017–2018 prevalence, achievement and exceptions
report. Available at: https://digital.nhs.uk/data-and-informa
tion/publications/statistical/quality-and-outcomes-framework-
achievement-prevalence-and-exceptions-data/2017-18.

44. National Institute for Health and Care Excellence (NICE).
Physical activity pathway. Available from: https://pathways.
nice.org.uk/pathways/physical-activity (2019, accessed 23
October 2019).

45. Covidence systematic review software, Veritas Health
Innovation, Melbourne, Australia. Available at: www.
covidence.org.

46. Michie S, West R and Campbell R. 83 theories of behaviour
change from the ABC of behaviour change theories. In: ABC
of behaviour change theories. An essential resource for
researchers, policy makers and practitioners. Sutton, UK:
Silverback, 2014.

47. Higgins JPT and Green S.Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0 [updated March
2011]. The Cochrane Collaboration. Available at: www.
cochrane-handbook.org

48. Higgins JPT, Savović J, Page MJ, Elbers RG, Sterne JAC and
Thomas J (eds) Chapter 8: assessing risk of bias in a rando-
mized trial. Version 6.4 (updated August 2023). In:
Cochrane Handbook for Systematic Reviews of
Interventions, 2023.

49. McKenzie JE, Brennan SE, Ryan RE, et al. Chapter 9: sum-
marizing study characteristics and preparing for synthesis.
In: Higgins PT, Thomas J, Chandler J, Cumpston M, Li T,
Page MJ and Welch VA (eds) Cochrane Handbook for
Systematic Reviews of Interventions, 2019, pp.229–40.

50. Kwasnicka D, Dombrowski SU, White M, et al. Theoretical
explanations for maintenance of behaviour change: a system-
atic review of behaviour theories. Health Psychol Rev 2016;
10: 277–96. doi:10.1080/17437199.2016.1151372

51. Audsley S, Kendrick D, Logan P, et al. Keeping adults phys-
ically active after falls management exercise (FaME) pro-
grammes end: development of a physical activity
maintenance intervention. Pilot Feasibility Stud 2021; 7:
108. doi:10.1186/s40814-021-00844-w

52. NICE. Behaviour change: individual approaches. Available
at: https://www.nice.org.uk/guidance/ph49 (2014, accessed
12th Oct 2023).

53. Marques MM, Matos M, Mattila E, et al. A theory-and
evidence-based digital intervention tool for weight loss main-
tenance (NoHoW Toolkit): systematic development and
refinement study. J Med Internet Res 2021; 23: e25305.
doi:10.2196/25305

54. Maula A, LaFond N, Orton E, et al. ‘Use it or lose it’: main-
tenance of physical activity in older adults: a qualitative study.
BMC Geriatr 2019; 19.

55. Eynon M, Crowther G and Mills H. Chapter 8 Maintaining
exercise behaviour following ERS completion. In: Scott A
and Broom D (eds) Exercise management for referred
medical conditions. 1st ed. London: Routledge, 2022.

56. Hobbs N, Godfrey A, Lara J, et al. Are behavioral interven-
tions effective in increasing physical activity at 12 to 36
months in adults aged 55 to 70 years? A systematic review
and meta-analysis. BMC Med 2013; 11: 1–2. doi:10.1186/
1741-7015-11-75

57. Deeks JJ, Higgins JPT and Altman DG. Chapter 10: analysing
data and undertaking meta-analyses. In: Higgins JPT, Thomas J,
Chandler J, Cumpston M, Li T, Page MJ and Welch VA (eds)
Cochrane Handbook for Systematic Reviews of Interventions
version 6.4 (updated August 2023), 2019, pp.241–84.

58. Cohen J. Statistical Power Analysis for the Behavioral
Sciences. Routledge, 2013.

59. Lubans DR, Morgan PJ, Collins CE, et al. Exploring the
mechanisms of weight loss in the SHED-IT intervention for

Howes et al. 23

http://dx.doi.org/10.1186/s12966-019-0787-4
http://dx.doi.org/10.1186/s12966-019-0787-4
http://dx.doi.org/10.1186/s12966-019-0787-4
http://dx.doi.org/10.1186/s12966-019-0787-4
http://dx.doi.org/10.1177/1179572720941833
http://dx.doi.org/10.1177/1179572720941833
http://dx.doi.org/10.1136/bmjopen-2020-036904
http://dx.doi.org/10.1136/bmjopen-2020-036904
http://dx.doi.org/10.1136/bmjopen-2020-036904
http://dx.doi.org/10.2196/46439
http://dx.doi.org/10.2196/46439
https://doi.org/accessed 9 May 2024)
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/2017-18
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/2017-18
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/2017-18
https://digital.nhs.uk/data-and-information/publications/statistical/quality-and-outcomes-framework-achievement-prevalence-and-exceptions-data/2017-18
https://pathways.nice.org.uk/pathways/physical-activity
https://pathways.nice.org.uk/pathways/physical-activity
https://pathways.nice.org.uk/pathways/physical-activity
http://www.covidence.org
http://www.covidence.org
http://www.cochrane-handbook.org
http://www.cochrane-handbook.org
http://dx.doi.org/10.1080/17437199.2016.1151372
http://dx.doi.org/10.1186/s40814-021-00844-w
http://dx.doi.org/10.1186/s40814-021-00844-w
http://dx.doi.org/10.1186/s40814-021-00844-w
http://dx.doi.org/10.1186/s40814-021-00844-w
https://www.nice.org.uk/guidance/ph49
https://www.nice.org.uk/guidance/ph49
http://dx.doi.org/10.2196/25305
http://dx.doi.org/10.1186/1741-7015-11-75
http://dx.doi.org/10.1186/1741-7015-11-75
http://dx.doi.org/10.1186/1741-7015-11-75
http://dx.doi.org/10.1186/1741-7015-11-75
http://dx.doi.org/10.1186/1741-7015-11-75


overweight men: a mediation analysis. Int J Behav Nutr Phys
Act 2009; 6: 1–8. doi:10.1186/1479-5868-6-76

60. Lorig K, Ritter PL, Laurent DD, et al. Online diabetes self-
management program: a randomized study. Diabetes Care
2010; 33: 1275–81. doi:10.2337/dc09-2153

61. Reid RD, Morrin LI, Beaton LJ, et al. Randomized trial of
an internet-based computer-tailored expert system for
physical activity in patients with heart disease. Eur J
Prev Cardiol 2012; 19: 1357–64. doi:10.1177/17418267
11422988

62. Bossen D, Veenhof C, Van Beek KE, et al. Effectiveness of a
web-based physical activity intervention in patients with knee
and/or hip osteoarthritis: randomized controlled trial. J Med
Internet Res 2013; 15: e2662.

63. Morgan PJ, Callister R, Collins CE, et al. The SHED-IT com-
munity trial: a randomized controlled trial of internet-and
paper-based weight loss programs tailored for overweight
and obese men. Obes Res Clin Pract 2012; 6: 30–1.

64. Devi R, Powell J and Singh S. A web-based program
improves physical activity outcomes in a primary care
angina population: randomized controlled trial. J Med
Internet Res 2014; 16: e3340. doi:10.2196/jmir.3340

65. Olson EA and McAuley E. Impact of a brief intervention on
self-regulation, self-efficacy and physical activity in older
adults with type 2 diabetes. J Behav Med 2015; 38: 886–98.
doi:10.1007/s10865-015-9660-3

66. Van Der Weegen S, Verwey R, Spreeuwenberg M, et al. It’s
LiFe! Mobile and web-based monitoring and feedback tool
embedded in primary care increases physical activity: a
cluster randomized controlled trial. J Med Internet Res
2015; 17: e4579. doi:10.2196/jmir.4579

67. Vorrink SN, Kort HS, Troosters T, et al. Efficacy of an
mHealth intervention to stimulate physical activity in COPD
patients after pulmonary rehabilitation. Eur Respir J 2016;
48: 1019–29. doi:10.1183/13993003.00083-2016

68. Allen KD, Arbeeva L, Callahan LF, et al. Physical therapy vs
internet-based exercise training for patients with knee osteo-
arthritis: results of a randomized controlled trial.
Osteoarthritis Cartilage 2018; 26: 383–96. doi:10.1016/j.
joca.2017.12.008

69. Kloek CJ, Bossen D, Spreeuwenberg PM, et al. Effectiveness
of a blended physical therapist intervention in people with hip
osteoarthritis, knee osteoarthritis, or both: a cluster-
randomized controlled trial. Phys Ther 2018; 98: 560–70.
doi:10.1093/ptj/pzy045

70. Lari H, Noroozi A and Tahmasebi R. Impact of short message
service (SMS) education based on a health promotion model
on the physical activity of patients with type II diabetes.
Malaysian J Med Sci 2018; 25: 67. doi:10.21315/
mjms2018.25.3.7

71. Alonso-Domínguez R, Patino-Alonso MC, Sánchez-
Aguadero N, et al. Effect of a multifactorial intervention on
the increase in physical activity in subjects with type 2 dia-
betes mellitus: a randomized clinical trial (EMID study).
Eur J Cardiovasc Nurs 2019; 18: 399–409. doi:10.1177/
1474515119835048

72. Avila A, Claes J, Buys R, et al. Home-based exercise with tel-
emonitoring guidance in patients with coronary artery disease:
does it improve long-term physical fitness? Eur J Prev
Cardiol 2020; 27: 367–77. doi:10.1177/2047487319892201

73. Hawkins J, Charles JM, Edwards M, et al. Acceptability and
feasibility of implementing accelorometry-based activity
monitors and a linked web portal in an exercise referral
scheme: feasibility randomized controlled trial. J Med
Internet Res 2019; 21: e12374.

74. Schlenk EA, Fitzgerald GK, Rogers JC, et al. Promoting
physical activity in older adults with knee osteoarthritis and
hypertension: a randomized controlled trial. J Aging Phys
Act 2020; 29: 207–18. doi:10.1123/japa.2019-0498

75. Volders E, Bolman CA, de Groot RH, et al. The effect of
active plus, a computer-tailored physical activity intervention,
on the physical activity of older adults with chronic illness (es)
—a cluster randomized controlled trial. Int J Environ Res
Public Health 2020; 17: 2590. doi:10.3390/ijerph17072590

76. Wan ES, Kantorowski A, Polak M, et al. Long-term effects of
web-based pedometer-mediated intervention on COPD
exacerbations. Respir Med 2020; 162: 105878. doi:10.1016/
j.rmed.2020.105878

77. Jaarsma T, Klompstra L, Ben Gal T, et al. Effects of exergam-
ing on exercise capacity in patients with heart failure: results
of an international multicentre randomized controlled trial.
Eur J Heart Fail 2021; 23: 114–24. doi:10.1002/ejhf.1754

78. Taylor A, Taylor RS, IngramW, et al. Randomised controlled
trial of an augmented exercise referral scheme using web-
based behavioural support for inactive adults with chronic
health conditions: the e-coachER trial. Br J Sports Med
2021; 55: 444–50.

79. Brouwers RW, Van Der Poort EK, Kemps HM, et al.
Cost-effectiveness of cardiac telerehabilitation with relapse
prevention for the treatment of patients with coronary artery
disease in the Netherlands. JAMA Network Open 2021; 4:
e2136652. doi:10.1001/jamanetworkopen.2021.36652

80. Cerdán-de-Las-Heras J, Balbino F, Løkke A, et al. Effect of a
new tele-rehabilitation program versus standard rehabilitation
in patients with chronic obstructive pulmonary disease. J Clin
Med 2021; 11: 11. doi:10.3390/jcm11010011

81. Thorsen IK, Yang Y, Valentiner LS, et al. The effects of a life-
style intervention supported by the InterWalk smartphone app
on increasing physical activity among persons with type 2 dia-
betes: parallel-group, randomized trial. JMIR Mhealth
Uhealth 2022; 10: e30602. doi:10.2196/30602

82. Michie S, Richardson M, Johnston M, et al. The behavior
change technique taxonomy (v1) of 93 hierarchically clus-
tered techniques: building an international consensus for the
reporting of behavior change interventions. Ann Behav Med
2013; 46: 81–95. doi:10.1007/s12160-013-9486-6

83. Mönninghoff A, Kramer JN, Hess AJ, et al. Long-term effect-
iveness of mHealth physical activity interventions: systematic
review and meta-analysis of randomized controlled trials. J
Med Internet Res 2021; 23: e26699. doi:10.2196/26699

84. Hannan AL, Harders MP, Hing W, et al. Impact of wearable
physical activity monitoring devices with exercise prescrip-
tion or advice in the maintenance phase of cardiac rehabilita-
tion: systematic review and meta-analysis. BMC Sports Sci
Med Rehabil 2019; 11: 14. doi:10.1186/s13102-019-0126-8

85. Samdal GB, Eide GE, Barth T, et al. Effective behaviour
change techniques for physical activity and healthy eating in
overweight and obese adults; systematic review and
meta-regression analyses. Int J Behav Nutr Phys Act 2017;
14: 1–14. doi:10.1186/s12966-017-0494-y

24 DIGITAL HEALTH

http://dx.doi.org/10.1186/1479-5868-6-76
http://dx.doi.org/10.1186/1479-5868-6-76
http://dx.doi.org/10.1186/1479-5868-6-76
http://dx.doi.org/10.1186/1479-5868-6-76
http://dx.doi.org/10.2337/dc09-2153
http://dx.doi.org/10.2337/dc09-2153
http://dx.doi.org/10.1177/1741826711422988
http://dx.doi.org/10.1177/1741826711422988
http://dx.doi.org/10.2196/jmir.3340
http://dx.doi.org/10.1007/s10865-015-9660-3
http://dx.doi.org/10.1007/s10865-015-9660-3
http://dx.doi.org/10.1007/s10865-015-9660-3
http://dx.doi.org/10.1007/s10865-015-9660-3
http://dx.doi.org/10.2196/jmir.4579
http://dx.doi.org/10.1183/13993003.00083-2016
http://dx.doi.org/10.1183/13993003.00083-2016
http://dx.doi.org/10.1016/j.joca.2017.12.008
http://dx.doi.org/10.1016/j.joca.2017.12.008
http://dx.doi.org/10.1093/ptj/pzy045
http://dx.doi.org/10.21315/mjms2018.25.3.7
http://dx.doi.org/10.21315/mjms2018.25.3.7
http://dx.doi.org/10.1177/1474515119835048
http://dx.doi.org/10.1177/1474515119835048
http://dx.doi.org/10.1177/2047487319892201
http://dx.doi.org/10.1123/japa.2019-0498
http://dx.doi.org/10.1123/japa.2019-0498
http://dx.doi.org/10.3390/ijerph17072590
http://dx.doi.org/10.1016/j.rmed.2020.105878
http://dx.doi.org/10.1016/j.rmed.2020.105878
http://dx.doi.org/10.1002/ejhf.1754
http://dx.doi.org/10.1001/jamanetworkopen.2021.36652
http://dx.doi.org/10.3390/jcm11010011
http://dx.doi.org/10.2196/30602
http://dx.doi.org/10.1007/s12160-013-9486-6
http://dx.doi.org/10.1007/s12160-013-9486-6
http://dx.doi.org/10.1007/s12160-013-9486-6
http://dx.doi.org/10.1007/s12160-013-9486-6
http://dx.doi.org/10.2196/26699
http://dx.doi.org/10.1186/s13102-019-0126-8
http://dx.doi.org/10.1186/s13102-019-0126-8
http://dx.doi.org/10.1186/s13102-019-0126-8
http://dx.doi.org/10.1186/s13102-019-0126-8
http://dx.doi.org/10.1186/s12966-017-0494-y
http://dx.doi.org/10.1186/s12966-017-0494-y
http://dx.doi.org/10.1186/s12966-017-0494-y
http://dx.doi.org/10.1186/s12966-017-0494-y


86. Argent R, Daly A and Caulfield B. Patient involvement with
home-based exercise programs: can connected health inter-
ventions influence adherence? JMIR Mhealth Uhealth 2018;
6: e8518. doi:10.2196/mhealth.8518

87. Laranjo L, Ding D, Heleno B, et al. Do smartphone applications
and activity trackers increase physical activity in adults?
Systematic review, meta-analysis and metaregression. Br J
SportsMed 2021; 55: 422–32. doi:10.1136/bjsports-2020-102892

88. Yang Y and Koenigstorfer J. Determinants of physical activ-
ity maintenance during the Covid-19 pandemic: a focus on
fitness apps. Transl Behav Med 2020; 10: 835–42.

89. Van Rhoon L, Byrne M, Morrissey E, et al. A systematic
review of the behaviour change techniques and digital fea-
tures in technology-driven type 2 diabetes prevention inter-
ventions. Digital Health 2020; 6: 2055207620914427.

90. SaltinB.Exercise asmedicine–evidence for prescribing exercise
as therapy in 26 different chronic diseases [1]. Scand J Med Sci
Sports 2015; 25: 1–72. doi:10.1111/sms.12581

91. Bricca A, Harris LK, Jäger M, et al. Benefits and harms of
exercise therapy in people with multimorbidity: a systematic
review and meta-analysis of randomised controlled trials.
Ageing Res Rev 2020; 63: 101166. doi:10.1016/j.arr.2020.
101166

92. McDonough SM, Tully MA, Boyd A, et al. Pedometer-driven
walking for chronic low back pain: a feasibility randomised
controlled trial. Clin J Pain 2013; 29: 972–81. doi:10.1097/
AJP.0b013e31827f9d81

93. Lang AE, Hendrick PA, Clay L, et al. A randomized con-
trolled trial investigating effects of an individualized pedom-
eter driven walking program on chronic low back pain. BMC
Musculoskelet Disord 2021; 22: 1–4. doi:10.1186/
s12891-021-04060-8

94. O’Neill B, O’Shea O, McDonough S, et al. Clinician-facilitated
physical activity intervention versus pulmonary rehabilitation
for improving physical activity in COPD: a feasibility study.
J Chronic Obstruct Pulm Dis 2018; 15: 254–64. doi:10.1080/
15412555.2018.1486396

95. Mino E, Geidl W, Naber I, et al. Physical activity referral
scheme components: a study protocol for systematic review
and meta-regression. BMJ Open 2021; 11: e049549. doi:10.
1136/bmjopen-2021-049549

96. Mclaughlin M, Delaney T, Hall A, et al. Associations
between digital health intervention engagement, physical
activity, and sedentary behavior: systematic review and
meta-analysis. J Med Internet Res 2021; 23: e23180.
doi:10.2196/23180

Howes et al. 25

http://dx.doi.org/10.2196/mhealth.8518
http://dx.doi.org/10.1136/bjsports-2020-102892
http://dx.doi.org/10.1136/bjsports-2020-102892
http://dx.doi.org/10.1136/bjsports-2020-102892
http://dx.doi.org/10.1111/sms.12581
http://dx.doi.org/10.1016/j.arr.2020.101166
http://dx.doi.org/10.1016/j.arr.2020.101166
http://dx.doi.org/10.1097/AJP.0b013e31827f9d81
http://dx.doi.org/10.1097/AJP.0b013e31827f9d81
http://dx.doi.org/10.1186/s12891-021-04060-8
http://dx.doi.org/10.1186/s12891-021-04060-8
http://dx.doi.org/10.1186/s12891-021-04060-8
http://dx.doi.org/10.1186/s12891-021-04060-8
http://dx.doi.org/10.1186/s12891-021-04060-8
http://dx.doi.org/10.1080/15412555.2018.1486396
http://dx.doi.org/10.1080/15412555.2018.1486396
http://dx.doi.org/10.1136/bmjopen-2021-049549
http://dx.doi.org/10.1136/bmjopen-2021-049549
http://dx.doi.org/10.1136/bmjopen-2021-049549
http://dx.doi.org/10.1136/bmjopen-2021-049549
http://dx.doi.org/10.2196/23180

	 Background
	 Methods
	 Study eligibility
	 Types of participants
	 Types of interventions
	 Comparisons
	 Outcome measures
	 Data sources and search methods
	 Data collection and analysis
	 Study selection process
	 Data extraction and management
	 Assessment of risk of bias in included studies
	 Measures of treatment effect
	 Unit of analysis issues
	 Dealing with missing data
	 Assessment of heterogeneity
	 Data synthesis
	 Subgroup analysis and investigation of heterogeneity
	 Sensitivity analysis

	 Intervention characteristics
	 PA intervention approaches
	 PA maintenance approaches
	 Communication with a health care professional
	 Theory
	 Risk of bias
	 Effects of interventions
	 Effect of digital health interventions on PA at post-intervention timepoint
	 Effect of digital health interventions on PA at maintenance timepoint
	 Subgroup analysis
	 Sensitivity analysis

	 Discussion
	 Summary of findings
	 Effect size
	 Differences dependent on the control group
	 Intervention design elements
	 Multimorbidity management
	 Strengths
	 Limitations

	 Conclusion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


