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Objective: To determine the effectiveness of tech-
nology-based distance interventions for promoting
physical activity, using systematic review and meta-
analysis.

Methods: A literature search of studies published
between 2000 and 2015 was conducted in the follo-
wing databases: CENTRAL, EMBASE, Ovid MEDLINE,
CINAHL, PsycINFO, OTseeker, WOS and PEDro. Stu-
dies were selected according to the PICOS frame-
work, as follows: P (population): adults; I (interven-
tion): technology-based distance intervention for
promoting physical activity; C (comparison) similar
distance intervention without technology, O (outco-
mes) physical activity; S (study design) randomized
controlled trial. Physical activity outcomes were ex-
tracted and quality was assessed by 2 independent
authors.

Results: Eight studies were included in the meta-
analysis. The mean (standard deviation; range) me
thodological quality score of the studies was 6 (1.3;
4-8). Technology-based distance interventions were
not more or less effective than conventional treat-
ment whether measured as steps/day (mean dif-
ference 1,657; 95% confidence interval (95% CI)
-1,861 to 5,176, p=0.18), physical activity min/
week (mean difference 0.34; 95% CI -146.3 to
146.9, p=0.92), or as overall physical activity (re-
sponse ratio 1.1; 95% CI 0.8-1.4, p=0.65). No asso-
ciations between the intervention duration or study
quality and physical activity outcomes were found.
Data were statistically and clinically heterogeneous.
Conclusion: The effectiveness of technology-based
distance interventions for promoting physical acti-
vity is similar to that of conventional treatment.
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tis well documented that physical activity decreases
the risk of several diseases (1) and physical inacti-
vity, in turn, shortens life expectancy (2). At the societal
level, inactivity imposes a heavy financial burden (3).

It is therefore essential, at both individual and societal
levels, to find ways to promote physical activity (1).
The most effective method for achieving this objective
remains unclear (4). Digitalization has given rise to the
idea that physical activity could be promoted, among
other means, through use of technology. This has led
to increased interest in the potential of technological
devices and applications as a component of distance
rehabilitation interventions (5). In this systematic re-
view, a distance intervention is defined as an interven-
tion that is implemented in participants” homes and or
homelike conditions in their daily life, instead of via
frequent face-to-face contacts. In distance rehabilita-
tion, the participants play a very active role, performing
self-contained rehabilitation without a healthcare pro-
fessional being present. Distance interventions have
emerged over the past few years, mainly owing to rapid
technological development (6). The need to develop
rehabilitation processes is driven by pressure on social
and healthcare resources. Preventive interventions,
especially, have occupied a minor role due to lack of
resources; however, preventive care is a promising
target and merits attention (7).

The technology that has been used in distance inter-
ventions to promote physical activity has included a
broad range of software applications and services that
can be used for collecting data and measuring and ana-
lysing physical activity performance (8). Examples of
such distance technologies, which promote or motivate
physical activity, are telephones, smartphones, com-
puters, tablet computers, personal digital assistants,
DVDs, videos, activity monitors and pedometers (9).

Evidence on the effectiveness of using technology
to promote physical activity is conflicting (10-15).
Telephone- (10), pedometer- (11) and internet-based
interventions have been found promising compared
with waitlist, placebo or minimal treatments. Insuffi-
cient information exists on the relative effectiveness of
internet vs face-to-face interventions (12). Smartphone
applications may be effective in increasing physical
activity (13), although a systematic review with meta-
analysis found the effect to be non-significant (14).
Reviews have shown some degree of causality: the
lighter the control treatment, the more the results seem
to favour the intervention group. Overall, it is important
to obtain statistically relevant, up-to-date and both
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scientifically and practically important information
on the effect of technology-based distance promotion
of physical activity.

To gain information about the effect of technology
on increasing physical activity requires studies that are
sufficiently comparable. The physical activity to be
promoted should be the same in both the experimental
and control groups, the only point of difference being
the use of technology in the intervention (experimental)
group. The objective of this systematic review and
meta-analysis was to determine the effectiveness of
technology-based distance interventions in promoting
physical activity compared with similar interventions
without the use of technology.

METHODS

Data sources

The following databases were searched from January 2000
to December 2015: Controlled Trials Register (CENTRAL),
Excerpta Medica Database (Embase), The National Library of
Medicine (Ovid MEDLINE), Cumulative Index to Nursing and
Allied Health Literature (CINAHL), Psychological Informa-
tion Database (PsycINFO), Occupational Therapy Systematic
Evaluation of Evidence (OT-Seeker), Physiotherapy Evidence
Database (PEDro) and Web of Science (WOS).
Fig. 1 presents a flow chart of the study selection
process. Two information specialists performed the
data search using a wide range of terms on the topics
of technology, physical activity and randomized
or clinical trials. In addition, more comprehensive
keywords describing physical activity interventions
were used, e.g. exercise, exercise therapy, therapies,
therapy modalities, rehabilitation, multidiscipli-
nary therapy, motor activity, and participation. An
example search strategy is shown in Appendix SI'.
A manual search for the literature using reference
lists from the retrieved studies was also conducted.

Identification

Study selection

Only studies investigating the effect of technology-
based distance interventions in promoting physical
activity were included in the review. The inclu-
sion criteria, according to the PICOS framework
(population, intervention, comparison, outcomes,
study design), were as follows: P: adults aged
18—65 years; I: technology-based physical activity-
promoting distance intervention; C: similar physical
activity-promoting distance intervention as in the
intervention group, but without technology; O: phy-
sical activity measured either subjectively (ques-
tionnaire, interview) or objectively (accelerometer,
pedometer); S: randomized controlled trial. Studies
published in English, Finnish, Swedish or German
were eligible. To avoid developmental differences
between the technologies used in the interventions
as aresult of recent advances in digitalization, only
studies published in the 21% century were included.

} [ Eligibility } [ Screening
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Studies were screened independently by 2 authors (SH and
AR) in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) guidelines for
systematic reviews (15). To achieve a consensus in the event
of disagreement between the 2 screeners, a third reviewer (TS)
also evaluated the study in question.

Methodological quality and risk of bias

Methodological quality and risk of bias were assessed by 2
independent assessors (SH and AR), using the 12-point scale
introduced in Guidelines for Systematic Reviews in the Cochrane
Collaboration Back Review Group (16). All 12 items were rated
as “yes”, “no” or “don’t know”. The main quality domains were
assessed in the following sequences: Al: randomization; B2:
concealed treatment allocation; C3: blinding of patients; C4:
blinding of care providers; C5: blinding of outcome assessors;
D6: drop-out rate; D7: analysis of participants in the groups to
which they have been allocated; E8: selective outcome reporting;
F9: similarity of groups at baseline; F10: similarity or absence of
co-interventions; F11: compliance; and F12: timing of outcome
assessments. A domain was considered “yes” and followed by
a score, if the criterion was fulfilled. If it was not fulfilled, the
domain was considered “no”, and if unclear “don’t know”.
Neither the “no” nor “don’t know” conditions accrued scores.
The overall quality of each included study was computed as the

'https://doi.org/10.2340/16501977-2195
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Fig. 1. Search process flow chart.
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sum of “yes” scores out of theoretical maximum score of 12.
The quality scores of the included studies are shown in Table I.

Data extraction

Data were extracted from the randomized controlled trials
included in the studies following the recommendations of the
Cochrane handbook for Systematic Reviews of Interventions
Version 5.1.0, part 7.3.a (17). All the studies included in the
qualitative analysis were accepted for the meta-analysis. Three
meta-analyses were performed separately for each of the 3
physical activity outcome groups. The first analysis contained
3 studies, in which the number of steps/day was the outcome
measure. The second analysis contained the other 5 studies, in
which the duration of physical activity was the outcome mea-
sure. The mean difference (MD), i.e. the absolute difference in
the mean values between 2 groups (17), was calculated in these
2 analyses. The third analysis comprised all 8 studies and thus
included their different physical activity outcome variables. The
fourth analysis, which included meta-regression for subgroups,
focused on the health status of the participants, duration of the
intervention and quality of the study. The outcome variables of
the third and fourth analyses were expressed as response ratios
(RR) calculated as the mean outcome of the intervention group
divided by the mean outcome of the control group (18). The use
of response ratios enabled the analysis of different combinations
of the variables measuring physical activity. The meta-analysis
model used the logarithm of the response ratio, and its variance
was estimated by the approximation given in Borestein et al.
(18). For interpretation purposes, the results of the meta-analyses
were transformed back into response ratios by exponentiation. It
should be noted that the boundary for significance in response
ratios is 1 (not 0). The analysis did not take baseline values into
account, owing to the inclusion criterion of a randomized control-
led trial (RCT) design. Randomization decreases the systematic
risk of the experimental and control groups differing at baseline
with respect to the most important prognostic indicators.

A random effects model was used in the meta-analyses. The
impact of the moderator variables was studied using a mixed ef-
fects model, also known as a meta-regression model. The models
were estimated using restricted maximum likelihood (REML).
The analysis was carried out in R with the metafor package (19).
Knapp and Hartung adjustment was used to test the significance
of'the regression coefficients and form the confidence intervals
(20). To examine statistical heterogeneity in the meta-analysis,
both the Q statistic and I* (21) were used along with a visual
inspection of the forest plots. I? describes the percentage of
the total variation across studies that is due to heterogeneity
rather than chance. An I? of over 75% was interpreted as high
heterogeneity and an I> over 50% as moderate (22).

RESULTS

The search strategy identified 3,031 potentially rele-
vant studies. After excluding 909 duplicates, 2,122
studies were assessed for eligibility based on their title
and abstract. After further exclusions, 617 studies were
assessed for eligibility based on their full text and 152
were included in the qualitative synthesis. Finally, a
total of 8 studies fulfilled the inclusion criteria and
were included in the meta-analysis (Fig. 1). The mean
(standard deviation (SD)) methodological quality of

the included studies was 6 (SD 1.3, range 4-8). The 2
quality assessors were in full agreement on the results.
The method of randomization was adequate in all the
included studies. In 2 studies (23, 24) the reasons for
dropouts were not given. The most frequent source of
bias was an inadequate or insufficiently reported blin-
ding procedure and insufficiently reported compliance
with the treatment.

Participants

Data were extracted for a total of 1,591 participants
from 8 RCT studies. The mean number of participants
was 199 (SD 208; range 32-655). The mean (SD;
range) number of participants in the experimental
group was 103 (SD 104; range 16-327) and in the
control group 96 (105; 16-328). Females accounted for
46% of the participants in the experimental group and
47% in the control group. The mean age of the partici-
pants in the experimental and control groups combined
was 47 (SD 7). Two studies comprised participants
with cardiovascular diseases (25, 26) and 4 studies
participants with obesity or a sedentary lifestyle (23,
27-29). In 2 studies, the participants’ health status was
unspecified (i.e. participants were described as univer-
sity staff (30) or men (24)). A detailed description of
the studies included in the review is given in Table I.

Interventions

The mean intervention duration was 4.5 (SD 4.3; range
0.25—-12) months. The interventions also varied in
content. Three studies (25-27) utilized supervised self-
monitoring without feedback from caregivers or peer
support. In Greene et al. (23), the intervention included
a health-oriented online social network with peer sup-
port for accelerometer-based self-monitoring. Websites
(23,24, 30) enabled self-monitoring of physical activity
behaviours, provided peer-support, or motivational mes-
sages. In one intervention, physical activity promotion
was implemented via telephone with the support of a
DVD (28). Only one intervention (29) was based wholly
on phone calls, through which physical activity materi-
als were obtained from a health educator. The content
of physical activity was similar in both the intervention
and control groups, except that instead of technology
the control group received instructions on paper (23, 24,
29, 30) or in face-to-face meetings (25-28).

The most commonly used technology was a mobile
phone. Two studies (28, 29) used phone calls to pro-
mote physical activity. In another 2 studies (24, 25),
healthcare professionals used text message feedback
with a computer or mobile phone without the possi-
bility of participant response. Three studies used self-
monitoring devices (i.e. accelerometer or pedometer)

J Rehabil Med 49, 2017
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(25-27). A website was used as a medium in 3 studies
(23, 25, 30). Combinations of technologies were used
in 4 studies (24, 25, 28, 30), i.e. mobile phones and
website, mobile phone as a feedback device and ac-
tivity monitor, website and e-mails or mobile phone
and DVD. Studies that used a smartphone application
(24) or online social network (23) allowed participants
to contact each other, thereby enabling peer-support.
E-mail and text messaging (25, 30) was used as one-
way communication from supervisor to participants.

Outcome measures of physical activity

Physical activity was measured using the same methods
in the experimental and control groups. Four studies
(25-28) used an accelerometer or activity monitor,
except that in control group the screen was obscured.
Four studies used self-reported questionnaires: Short
Questionnaire to Assess Health (23), Active Australia
Survey (24), International Physical Activity Questionn-
aire (30) and 7-day Physical Activity Recall (29). The
outcomes are shown in detail in Table 1.

Group means

Effectiveness of technology-based distance promotion
on physical activity

The results for physical activity, measured as steps/
day, and as either kcal/day, min/week, min/day or
metabolic equivalent (MET) h/week are shown in Fig.
2. The results of a single study are shown in Table II.

Compared with the control interventions, the parti-
cipants in the technology-based distance intervention
performed, a mean of 1,657 more steps/day; however,
the effect was not statistically significant (MD 1,657.4;
95% CI-1,861.5 t0 5,176.2, p=0.18). The homogen-
eity test indicated heterogeneity of the studies inclu-
ded in the analyses of steps/day (Q=8.23, p=0.016).
The I? value also indicated moderate heterogeneity
(I>=72.64%).

In addition, the technology-based distance interven-
tions did not increase physical activity duration, mea-
sured as min/week compared with the control interven-
tions (MD 0.34; 95% CI —146.3-146.9, p=0.92). The
homogeneity test indicated heterogeneity of the studies
included in the analyses of physical activity min/week

Study Control  Intervention Estimate of D [95% CI]
T
‘
Katzmarzyketal, 2011 8637 7248 —_—— 611.00[ -885.41,2107.41]
.
lzawa et al, 2013 5512.9 8509.6 : —_— 3096.70 [ 2004.93 , 4188.47]
:
Goto et al, 2014 49102 5805.6 + 895.40 [-1214.73 , 3005.53]
‘
.
|
RE Model v 1657.35 [-1861.46 , 5176.15]
Favours Control M Favours Intervention
T T 1 T 1 T 1
-3000.00 -1000.00 0.00 1000.00 3000.00 5000.00
Mean Difference
Group means X
Study Control Intervention Estimate of D [95% CI]
T
Marcus et al, 2007 162.37 100.59 — -61.78[-110.50, -13.06]
‘
Katzmarzyk et al., 2011 113.4 1141 —_—— 0.70[ -71.48, 72.88]
Greene etal, 2013 2086 341 5 —_— 13240 4258, 22272]
Duncan et al, 2014 427.08 35647 ————— -70.64 [-186.60, 55.32]
‘
0
:
RE Model 0.34[-1456.27 , 145.94]
Favours Control N Favours Intervention
| B S R B R B R — 1
-200.00  -100.00 0.00 100.00 20000  300.00
Mean Difference
Study Measure Estimate of R [95% CI]
T
Katzmarzyk ym., 2011 min/day 1 1.01[0.53,1.90]
lzawa ym., 2013 kcaliday : . 156 [1.20,2.02]
Marshall ym., 2003 minfweek ——— 087[0.85,1.10]
Goto ym., 2014 METhiday 133[0.76,234]
Goyder ym., 2014 kcaliday v 095[088,1.02]
" . S
Greene ym., 2012 miniweek | — 163[1.14,235] Fig. 2. Forest plots describing:
Ouncan ym., 2014 . : 083061, 1.14] A) physical activity steps/day, (B
Marcus ym., 2007 min/week —_— 062[0.42,052] ( ) P Y . _y P / Vi ( )
physical activity min/week, and (C)
v
RE Hodel Favours Control [ Favours Intervention 1061081, 1.38] response ratio of overall physu:al
T T T activity (measured either as steps/
0.00 0.50 1.00 1.50 200 250

Observed Outcome

day, min/week or metabolic equivalent
(MET)-min/week).
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Table II. Main results of the studies included in the meta-analysis

Physical activity (PA) Intervention, mean (SD) Control, mean (SD)
Duncan et al. 2014 (24) 0 month 3 months 9 months 0 month 3 months 9 months
Active Australia Survey: Self-
reported PA min/week 286.12 (354.87) 382.2 (365.80) 356.42 (353.34) 277.94 (287.14) 417.52 (364.41) 427.06 (383.57)
Goto et al. 2014 (25) 0 week 8 week 0 week 8 week
Pedometer: steps/day 5,805.6 (3,384.0) 4,910.2 (2,663.5)
Total MET h/day 2.9 (2.0) 2.5(1.9)
Goyder et al. 2014 (29) 0 month 3 months 9 months (follow-up) 0 month 3 months 9 months (follow-up)
Accelerometer: TEE in kcal/day 2,168.2 (415.8)  2,204.0 (415.9) 2,279.9 (425.6)  2,395.1 (785.7)
Izawa et al. 2012 (26) 0 week 3 week 0 week 3 week
Accelerometer: steps/day 4,588.0 (2,056.3) 8,609.6 (3,064.5) 5,155.2 (2,424.5) 5,512.9 (2,571.8)
Accelerometer: kcal/day 128.6 (77.8) 242.6 (111.5) 140.0 (86.2) 155.9 (135.4)
Greene et al. 2012 (23) 0 month 3 months 6 months 0 month 3 months 6 months
SQUASH Questionnaire: Total PA
min/week 2,055.9 (=) 2,479.3 (1670.7) 2,686.9 (1,494.6) 1,950.5 (-) 2,102.4 (1,462.6) 2,248.2 (1,432.7)
LT walking min/week 129.2 (=) 354.1(533.6) 341.0 (520.8) 141.7 (?) 160.4 (208.6) 208.6 (316.6)
Katzmarzyk et al. 2011 (27) 0 day 7 days 0 day 7 days
Accelerometer: steps/day 6,836 (2,326) 7,248 (2,659) 7,113 (2511) 6,637 (2297)
Accelerometer: moderate to vigorous
min/day 13.2 (14.8) 16.3 (17.3) 12.7 (11.5) 16.2 (17.1)
Marcus et al. 2007 (29) 0 month 6 months 12 months 0 month 6 months 12 months
7-day recall PA interview: moderate
to vigorous PA min/week 19.75 (26.56) 123.32 (97.64) 100.59 (119.68) 20.19 (24.15) 129.49 (156.46) 162.37 (165.17)
Marshall et al. 2004 (30) 0 week 10 week 0 week 10 week
MET min/week, mean+SE 2,413+115 2,518+115 2,413+115 2,518+115

SD: standard deviation; SE: standard error; PA : physical activity; MET : metabolic equivalent; TEE : total energy expenditure; LT: leisure time; SQUASH: Short

Questionnaire to Assess Health

(Q=14.9631, p=0.0048). The I*> value also indicated
moderate heterogeneity (I>=74.72%).

Similarly, the technology-based physical activity-pro-
moting distance interventions had no increasing effect
on overall physical activity (i.e. MET h/day, kcal/day
or min/week), compared with the control intervention
(RR 1.06; 95% CI1 0.8—-1.4, p=0.65). The homogeneity
test indicated heterogeneity of the studies included in the
overall physical activity analyses (Q=27.82, p<0.001).
The I? value indicated high heterogeneity (I’=86.26%).

Meta-regression results using the covariates quality
of study, health status of participants and duration
of intervention

Study quality had no effect on physical activity (RR
0.91;95% CI10.7-1.2, p=0.96). When used for rehabi-
litation, the technology-based distance intervention was
not more effective in increasing physical activity than
when used for prevention (RR 1.5;95% C10.9-2.5). No
association was observed between the duration of the
intervention and changes in physical activity when the
technology-based distance intervention was compared
with the control intervention (RR 0.95; 95% CI1 0.9-1.0,
p=0.12). The homogeneity test indicated heterogeneity
of the studies included in the covariate analysis of the
intervention duration (Q=22.04, p=0.0012). The I? va-
lue also indicated high heterogeneity (I’=82.47%).

DISCUSSION

This systematic review found that the use of techno-
logy in promoting physical activity was as effective
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as similar conventional promotions in which tech-
nology was not used. These findings indicate that a
technology-based distance intervention has potential
for increasing motivation providing counselling, and
facilitating communication between healthcare profes-
sionals and patients. However, the cost-effectiveness
of technology-based distance interventions should
first be proven before their adoption in rehabilitation
or healthcare settings.

The results of this meta-analysis do not allow firm
conclusions to be drawn on the differences between
these 2 types of physical activity-promoting inter-
ventions. This systematic review focused strictly on
examining the effect of technology in distance use,
and to our knowledge no similar systematic review
yet exists. We included all the technologies that were
used in the selected distance interventions to gain an
overall picture of whether digitalization has benefits
when used as a tool in healthcare or rehabilitation. To
be included in the review, control interventions were
not permitted to utilize any forms of technological
mediation, including phone calls or self-monitoring
devices. This review was strictly limited to study
settings that compared 2 similar physical activity-
promoting interventions, 1 of which (experimental)
used technology, while the other (control) did not. In
addition, the physical activity outcomes were required
to be measured in the same way in the experimental
and control groups.

Clinical heterogeneity between studies, such as dif-
ferences between the participants (i.e. health status),
differences in the content or technologies used in the
interventions, and differences in the physical activity
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outcome measures, could affect application of the
findings in clinical practice. Statistical heterogeneity
was also present across all analyses. Despite this hete-
rogeneity, the meta-analysis contained a total of 1,592
participants, which permits some general conclusions
to be drawn.

The technology-based distance interventions sho-
wed a mean of 1,657 more steps/day than the control
interventions (mean steps/day 7,221 and 5,687, re-
spectively). Tudor-Locke & Bassett (31) categorized
5,000-7,499 steps/day as “low activity”, and 7,500—
9,999 steps/day as “somewhat active”. Following
this categorization, the technology-based distance
intervention, while close to the threshold of somewhat
active, remained within the low active category. For
life expectancy, our findings are clinically meaningful,
as it has previously been found that taking over 5,550
steps/day reduces all-cause mortality by 9% (32).
Previous studies have also shown that 7,000-10,000
steps/day is the equivalent of 30 min of daily moderate-
to-vigorous physical activity (33), which is enough to
gain substantial health benefits (34). Based on the low
number (i.e. 3 studies) and heterogeneity (i.e. duration
and content of the interventions, diagnosis and age
of the participants) of the studies investigating steps/
day, our study may not have yielded robust clinically
meaningful findings.

This systematic review found no association bet-
ween the methodological quality of a study and its
results. The relationships between methodological
quality and outcome have been investigated in only a
few physical activity reviews (34, 35). Young et al. (35)
found that higher methodological quality explained
more of the variance in physical activity, while Baxter
et al. (36) found a relationship between high methodo-
logical quality and the cost-effectiveness of workplace
health promotion programmes. It should be noted that
quality scores do not take into account differences in
the intervention content between the experimental and
control group. The fact that in our study methodical
quality was not related to the results may be explained
by the similarity of the intervention treatments and/or
low range of the quality scores. However, it has been
reported previously that poor methodological quality,
particularly in studies with inadequate blinding, is
related to bias (37). In the present review, the most
frequent source of bias was a poorly designed or insuf-
ficiently reported blinding procedure and insufficiently
reported compliance with treatment.

In this review, technology included software, app-
lications or devices that are suitable for outpatient
interventions and can be used in distance rehabilita-
tion. Physical activity-promoting technology can be
roughly divided into 3 categories: electronic gauges or

devices, telephones and mass media. Electronic gauges
or devices are different from the other 2 categories as
they only enable the measuring and self-monitoring of
physical activity, whereas telephones and mass media
can be used as mediating devices, which also allows
feedback from a caregiver and peer support (38). The
technology-mediated distance interventions in this
meta-analysis delivered the treatment protocol via
mobile phones, e-mails, text messages or websites (23,
24,28, 29, 30). The electronic gauges used for self-
monitoring were accelerometers and pedometers, and a
self-monitoring approach was also present in the use of
web-based exercise logs (23, 25-27). Peer-support was
usually facilitated via web-based software or online
social networks (23, 24). The results of the study by
Greene et al. (23) indicate that the combination of an
electronic gauge or device and a peer-support enabling
platform can be as effective in promoting physical ac-
tivity as a paper-based intervention. The use of a peer
support-enabling website (24) or electronic gauges or
devices (25, 27) also yielded positive results. However,
the meta-analysis did not find the technology-based
distance interventions more effective than the control
interventions.

The participants in the studies included in this re-
view were either healthy or diagnosed adults. Obese
and sedentary participants were considered healthy,
in the absence of a medical diagnosis as a reason for
of their participation in the intervention. In 2 studies
(25, 26), the intervention was targeted to patients with
haemophilia and cardiovascular diseases, and obtained
positive results using solely electronic gauges or devi-
ces, without peer support. These results suggest that
the effect of technology in increasing physical activity
and the cost-effectiveness of technology-based distance
interventions for diagnosed patients should be investi-
gated further. Technology may also make it possible to
develop preventive care in the face of constraints on
resources, as preventive interventions have been ef-
fective, for example, in reducing cardiovascular risk by
encouraging patients to adopt a more active lifestyle (7).

The major concern in this review was the lack of
research on the effect of physical activity-promoting
technology in comparable settings. Insufficient data
have also previously complicated the implementation
of systematic reviews (39). Previous reviews (10-14)
have compared technology-based interventions with
other-treatment or waitlist control groups, which may
have resulted in additional confounding factors masking
the benefits obtained from the use of technology, while
at the same time the interventions have differed in
their physical activity content. This systematic review
applied strict inclusion criteria: the physical activity
treatment in both the intervention and control groups

J Rehabil Med 49, 2017
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had to be similar, and no technology was to have been
used in the control group setting; this meant that many
studies were excluded. Technology was accepted as a
component of the control intervention only in cases
where physical activity was measured with an obscured
screen. We also highlighted physical activity as the
primary content of the intervention. The decision to
restrict the review to studies where the physical activity
promotion content was similar for both the experimental
and control groups, was taken in response to the fact that
effective ways of promoting physical activity have not
been sufficiently investigated, and therefore, despite its
limitations, this study design was reasonable.

Valid measurement of physical activity is challenging
(40). The outcomes of the studies included in this re-
view were measured both objectively (25-27, 28) and/
or subjectively (23, 24, 29, 30). The outcomes most
often used were moderate to vigorous physical activity,
measured as min/week, METh, steps/day and energy
expenditure (kcal/kg)/day. Other differences between
the studies were the duration of the intervention and dif-
fering intensities of physical activity. The wide variation
in the technology used also increased the heterogeneity
of the interventions, further complicating comparison
between studies. Statistical analysis confirmed that the
heterogeneity of the included studies was significant.
In addition, 2 studies (41, 42) were excluded owing
to missing data of relevance to the meta-analysis. It is
possible that this has influenced our results.

Physical activity should be measured with a va-
lid and objective method using an accelerometer, a
pedometer or some other activity monitor. Physical
activity outcomes should be reported separately with
both baseline and final outcome measures instead of
only reporting changes between baseline and final
measures. To improve the quality of RCT studies, and
to demonstrate the absence of selective reporting, future
studies should publish the protocol used, try to blind at
least the outcome assessors and report compliance with
the intervention. Another important factor to consider is
cost-effectiveness, which has not generally been investi-
gated in the domain of technology and physical activity.

Research using different physical activity devices,
such as activity monitors or mobile applications, has
increased along with the rapid advances in technology.
Data therefore need to be constantly updated to enable
comparison of the effectiveness of different features
between products. However, while valid information
on the effect of technology requires studies with com-
parable settings, is also important to learn whether a
specific technology is more effective or acceptable in
usual care or in a rehabilitation setting. Future studies
should compare the effectiveness of different techno-
logies according to their features, such as interactivity.
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In conclusion, insufficient evidence has been ad-
duced to draw firm conclusions on the differences
between the effect of technology-based physical activi-
ty-promoting distance interventions and interventions
similar in content, but administered using paper or
face-to-face counselling. However, the results suggest
that the differences, if any, are likely to be small. Our
findings indicate that technology was approximately as
effective as similar care without the use of technology.
Thus, technology-based interventions have develop-
ment potential as an alternative to conventional care.
Before recommendations on the use of technology can
confidently be made, additional studies, particularly on
cost-effectiveness, are required.

Limitations and strengths

The main strength of this systematic review is the res-
triction to studies in which the target physical activity
to be promoted was sufficiently similar between the
intervention and control intervention groups to capture
the effect of the distant use of technology on increasing
physical activity. Another strength is the use of carefully
implemented statistical analysis. The search process
was comprehensive and included all the essential data-
bases. The search process also followed the guidelines
of the Cochrane Handbook for Systematic Review of
Interventions (17) and included quality assessments.
The primary limitation of this systematic review is
the low number of studies that could be included in
it, which may have affected the overall variance of
the meta-regression results. Nevertheless, the meta-
analysis was justifiable given the overall large number
of participants. The data were also both statistically
and clinically heterogeneous. Clinical heterogeneity
was observed between participants (i.e. health status),
the interventions studied, the technologies used and the
diversity of the physical activity outcomes measured.
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