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Abstract

Background and Objectives: Frequent participation in physical activity (PA) has benefits across the lifespan but is
particularly important for older adults. PA levels are either measured by objective or self-reported survey methods. Objective
PA measurement is used to increase accuracy. This systematic review investigated the effect of physical activity-based
interventions on objectively measured PA levels among community-dwelling adults aged 60 years and older.

Research Design and Methods: Literature searches were conducted in five electronic databases and four clinical trial
registries. Randomized controlled trials investigating the effect of physical activity—based interventions on objectively
measured PA levels (e.g., accelerometers or pedometers) in community-dwelling adults aged 60 years and older compared
with no/minimal intervention were considered eligible. Data were pooled using the most conservative estimates reported
from each study using the standardized mean difference (SMD). Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) was used to evaluate the overall quality of the evidence.

Results: Fourteen published trials and 3 ongoing trials were identified. There were significant effects favoring physical
activity—based interventions compared with minimal intervention at short-term (less than or equal to 3 months) (SMD:
0.30, 95% CI: 0.17 to 0.43) and intermediate-term (more than 3 months and less than 12 months; SMD: 0.27, 95% CI:
0.06 to 0.49) follow-ups. The quality of evidence was moderate according to GRADE (downgraded for risk of bias).
Discussion and Implications: Our findings suggest that physical activity-based interventions may increase objectively
measured PA levels in community-dwelling older adults. Further studies are still needed to identify the optimal dose,
intensity, and mode of delivery of physical activity-based interventions.

Keywords: Objective measure, Pedometer, Accelerometer, Motor activity, Steps, Moderate-vigorous physical activity

The population is rapidly aging worldwide. The older popu- double again by 2050 reaching nearly 2.1 billion of older
lation aged 60 years or older was estimated to be 962 mil- adults worldwide (Nations, U., 2007; Nations, U., 2017).
lion in 2017 which is more than double the population The prevalence of physical inactivity also increases substan-
compared with 1980. Similarly, this number is expected to tially with increasing age. According to the World Health
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Organization, physical activity (PA) is defined as any bodily
movement produced by a contraction of skeletal muscles
and that increases energy expenditure. The recommended
PA levels for older adults (65 years old) are similar to
adults (from 18 to 64 years old), that is, 150 min of mod-
erate PA intensity per week, 75 min of vigorous PA inten-
sity per week, or a combination of moderate and vigorous
PA intensity plus strength training twice per week (WHO,
2010). Around 45% of people aged over 60 do not meet the
recommended PA level (Hallal et al., 2012). For those aged
75 and older, the proportion of people not meeting the re-
commended PA levels increases to nearly 75% (Australian
Institute of Health and Welfare, 2014). The inability to in-
crease PA, despite being willing to do so, is common among
community-living older people who have mobility problems
and who report negative environmental features in their
neighborhood, such as lack of resting places and distances
perceived to be too long, noisy traffic, dangerous cross-
roads, and streets in poor condition. Mobility promotes
healthy aging as it relates to the basic human need for phys-
ical movement (Rantakokko et al., 2010).

The growing older population brings challenges to
the capacity of public health systems and governments in
delivering high quality health services as the risk of chronic
disease onset and disability rises in older age (Prince et al.,
2015). Conservatively estimated, physical inactivity cost
healthcare systems international $ (INT$) 53.8 billion
worldwide in 2013, of which $31.2 billion was paid by
the public sector, US$12.9 billion by the private sector, and
$9.7 billion by households. In addition, physical inactivity—
related deaths contribute to $13.7 billion in productivity
losses, and physical inactivity was responsible for 13.4 mil-
lion disability-adjusted life-years (DALYs) worldwide (Ding
et al., 2016). Compelling evidence shows that PA can pro-
vide primary and secondary prevention of chronic disease
(Warburton, Nicol, & Bredin, 2006), prolong years of active
life (Clark et al., 2012), reduce the risk of early mortality
(Lollgen, Bockenhoff, & Knapp, 2009), reduce the risk of
falls (Gillespie et al., 2012) and improve functional perfor-
mance and quality of life among older adults (Sun, Norman,
& While, 2013). Despite the wide ranging benefits of reg-
ular PA, participation levels particularly among older adults
are still low (Matthews et al., 2012; Nelson et al., 2007).

PA levels are commonly measured by self-reported and
objective methods, with the self-reported measures in-
cluding mainly self-reported questionnaires and diaries
such as Physical Activity Scale for the Elderly (PASE),
Physical Activity Questionnaire for Older Adults, Yale
Physical Activity Survey (YPAS), and Incidental and
Planned Activity Questionnaire (IPEQ). Although these
questionnaires have some evidence of validity and relia-
bility (Delbaere, Hauer, & Lord, 2010; Moore et al., 2008;
Silva et al., 2019; Washburn, McAuley, Katula, Mihalko,
& Boileau, 1999), their use among the older population
is challenging due to changes in cognitive abilities and in
recall bias, especially when considering recall over long

periods of time (Kowalski, Rhodes, Naylor, Tuokko,
& MacDonald, 2012; Shephard & Vuillemin, 2003). In ad-
dition, aging and disability modify the metabolic cost of ac-
tivities, so standard tables and equations used to determine
the energy expenditure of common activities that have been
developed in younger populations may be inaccurate for
use with older adults (Kowalski et al., 2012; Rikli, 2000).

Since self-reported methods have some limitations, ob-
jective measures of PA using technology to measure and
record in real-time biomechanical and/or physiological
consequences of physical activities are commonly used to
increase accuracy. Objective measures provide more accu-
rate estimates of energy expenditure and eliminate response
biases. These consist of, for example, motion sensing and
monitoring devices (accelerometers, pedometers, and heart-
rate monitors), physiological markers (cardiorespiratory fit-
ness and biomarkers), and calorimetry (Prince et al., 2008).

Randomized clinical trials (RCTs) and systematic reviews
investigating PA-based interventions have identified posi-
tive results for prevention of falls (Sherrington et al., 2019),
reduction of cognitive decline (Olanrewaju, Kelly, Cowan,
Brayne, & Lafortune, 2016), and improvement of balance
(Howe, Rochester, Neil, Skelton, & Ballinger, 2011), among
others. However, to date, there is limited systematic review
evidence of the effect of interventions for increasing objec-
tively measured PA among the older population. Previous
systematic reviews (Chase, 2015; Conn, Valentine, & Cooper,
2002; Sun et al., 2013) found a small effect favoring physical
activity-based intervention over the control intervention.
However, given that these reviews included studies that used
objective and self-reported PA measures, there is less clarity
about the effect of physical activity-based interventions on
objective PA measures alone. In addition, previous reviews
have summarized the evidence from different study designs
and not RCTs alone. We would argue that, when available,
RCTs should be used as this is the most robust research de-
sign for assessment of the relative effects of intervention
(Chandler et al., 2019). Other methodological flaws in pre-
vious systematic reviews include high heterogeneity in the
meta-analysis (Chase, 2015), search restriction with regard
to the date of publication (Sun et al., 2013), and the lack
of assessment of risk of bias and overall quality of evidence
(Chase, 2015; Conn et al., 2002; Sun et al., 2013). Therefore,
the primary objective of this systematic review was to inves-
tigate the effect of physical activity—based interventions on
objectively measured PA levels of older adults. Secondly, we
also aimed to investigate the effect of physical activity—based
interventions on mobility in this population.

Methods
Selection Criteria

Study types
Only RCTs were included. Quasi-randomized clinical trials
and other types of studies were excluded. RCTs where
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participants were randomized to a PA-based intervention
group or a control group, that is, no intervention, placebo,
or minimal intervention (usual healthcare, advice, waiting
list, and self-care guidelines) were considered eligible.

Intervention

Any trial that included an intervention designed to pro-
mote PA among older adults was included. Individual- and
group-based interventions designed to increase PA levels
that included general or therapeutic exercise, educational
programs, PA coaching or counseling, cognitive behavioral
therapies, and feedback using objective PA measures such
as electronic devices (e.g., Fitbit) were considered eligible.
We included both studies that offered supervised exercise
sessions for older adults as part of the trial and studies that
aimed to increase independent PA levels.

Participants

Trials that included participants aged 60 years or older
living in the community were considered eligible. Studies of
interventions designed for populations with specific health
conditions such as stroke, Parkinson’s disease, multiple
sclerosis, labyrinthitis, amputation of upper or lower limbs,
cognitive impairment, dementia, osteoporosis, rheumatoid
arthritis, osteoarthritis, hip fracture, or Alzheimer’s disease
were excluded.

Outcomes

The primary outcome was PA levels, measured by objec-
tive methods over 3 or more days. In this review, we in-
cluded trials that used accelerometers, heart-rate monitors,
and pedometers to assess PA levels. Other objective meas-
ures such as doubly labeled water and direct or indirect
calorimetry were considered ineligible because these types
of measures do not provide data regarding free-living PA.
Self-reported measures of PA (e.g., questionnaires and
diaries) were not considered eligible because these meas-
ures are prone to bias. The secondary outcome was mo-
bility. Eligible mobility outcomes included, for instance, the
Timed Up and Go (TUG) and 6-min walk tests.

Search Strategy

We conducted this systematic review following Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Mobher, Liberati, Tetzlaff, & Altman,
2009). This review was performed following the methods
documented in the protocol registered with the PROSPERO
database prior to commencement (#CRD42016042006).
The search was conducted in the following electronic
databases from the earliest record to August,2019: Cochrane
Central Register of Controlled Trials via Ovid, Medline via
Ovid, Embase, Cumulative Index to Nursing and Allied
Health Literature via Ebsco, SportDiscus via Ebsco, and
Physiotherapy Evidence Database (PEDro). The search

strategy combined keywords related to methods to objec-
tively assess physical activity, older adults living in the com-
munity, and physical activity and RCTs (see Supplementary
Material). We also searched for unpublished or ongoing
trials by searching ClinicalTrials.gov, the International
Standard Randomized Controlled Trial Number (ISRCTN)
register, and the Australian New Zealand Clinical Trials
Registry (ANZCTR). This search was aided by the World
Health Organization (WHO) International Clinical Trials
Registry Platform search portal. In addition, searches in
the reference list included studies and previous systematic
reviews in the field. The search was not restricted to any
single language or date of publication.

Study Selection

Two independent reviewers (G. D. Grande and P. K.
Morelhdo) evaluated titles and abstracts found in the
electronic databases search. When there was any doubt
about the inclusion of the study, the full text was retrieved.
Thereafter, two independent reviewers (G. D. Grande and
P. K. Morelhao) assessed full texts of potentially eligible
studies and checked the reference list of the relevant arti-
cles, following the inclusion criteria of the review. Any dis-
agreement was resolved by a third reviewer (M. R. Franco).

Data Extraction

Two reviewers (G. D. Grande and P. K. Morelhao) extracted
information regarding sample characteristics, interventions,
outcomes, time point follow-ups, assessment method,
number of monitoring days, and valid measurement day
using a standardized data extraction form. Data extracted
were means (final values or change score), SDs, sample size
or mean differences, and 95% confidence intervals (95%
ClIs). In case of insufficient data, we contacted the authors
of the included studies via email requesting information.
If the authors did not reply our request, we calculated the
missing data using recommendations from the Cochrane
Handbook.

Risk of Bias and Quality Assessment

Two independent reviewers rated all studies for risk of bias
using the Physiotherapy Evidence Database (PEDro) scale,
and disagreements were resolved by a third reviewer.

The PEDro scale consists of a checklist of 10 scored
yes/no questions related to the internal and statistical va-
lidity of a randomized controlled trial (Maher, Sherrington,
Herbert, Moseley, & Elkins, 2003). The scores available in
the PEDro database were used in this review.

The Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) approach was used
to assess the overall quality of the evidence. The quality of
evidence was downgraded from high quality by one level
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for each of the following criteria: limitation of study design
(>25% of participants from studies with 1 or more bias
domains were judged as high risk), inconsistent results (wide
variance of point estimates across studies, or if the hetero-
geneity between trials was large [I? >50%]), and impreci-
sion (fewer than 300 participants for each outcome); bias
in the description (funnel plot demonstrating small effects
for the studies) (Atkins et al., 2004; Pinto et al., 2012). The
funnel plot we used was a scatterplot of the effect estimates
from individual studies against its standard error. The ef-
fect estimates from smaller studies should scatter more
widely at the bottom, with the spread narrowing among
larger studies. Thus, small study effects were investigated
by exploring whether smaller trials showed greater effects
than larger trials. The presence of small study effects was
assessed only for those meta-analyses including more than
10 pair-wise comparisons by visually interpreting funnel
plot asymmetry and quantified by using the Egger test
(Egger, Smith, Schneider, & Minder, 1997). If the Egger test
result was statistically significant (2-tailed p < .100), we
downgraded the quality of evidence of all meta-analyses
conducted in this review by one level. The indirectness pa-
rameter was not evaluated as this review includes a specific
population, relevant clinical outcomes, and a specific com-
parison. The following categories were used: high quality
(i.e., the true effect lies close to that of the estimate of the
effect), moderate quality (i.e., the true effect is likely to be
close to the estimate of the effect, but there is a possibility
that it is substantially different), low quality (i.e., the true
effect may be substantially different from the estimate of
the effect), and very low quality (i.e., the true effect is likely
to be substantially different from the estimate of the effect).
Single RCTs (with under 300 participants) were considered
inconsistent and imprecise (i.e., sparse data) and provided
“low quality evidence.”

Data Synthesis and Analysis

Mean (final value or change), standard deviation, sample
size, mean differences (adjusted or not), and 95% con-
fidence intervals were extracted from included studies.
Because continuous but heterogeneous PA measures (e.g.,
minute counts, time spent on PA intensity categories, steps
per day, and number of steps) were found, the effects of
treatment were calculated using the standardized mean dif-
ference (SMD) with 95% CI, with 0.2 representing a small
effect, 0.5 a moderate effect, and 0.8 a large effect (Higgins
& Green, 2011). Outcome data were extracted and
summarized according to the following criteria: short-term
(up to 3 months), intermediate (greater than 3 months and
less than 12 months), and long-term (12 or more months)
follow-ups. As studies often report more than one objec-
tive PA measure as an outcome, we opted to conduct two
meta-analyses for each follow-up time point: (i) one meta-
analysis using the least conservative estimates from each
study (i.e., pooling of outcomes showing the large positive
treatment effect for the treatment group) and (ii) another
meta-analysis using the most conservative estimates from

Database Search

Potentially relevant records (n=6888)

CINAHL 1251
Embase 2156
Medline 1699

SPORTDiscus 164
PEDro 1618

Potentially relevant records after
removing duplicates (n= 5449)

.| Records excluded after screening titles or
abstracts (n=5251)

A4

Potentially relevant published reports
retrieved for evaluation of full text
(n=198)

Excluded (n=184)

Not appropriate population: 103

Not appropriate outcome: 39

Not randomized and controlled: 15

Not minimal intervention as a comparator:
19

Relevant outcome data not available: 8

A4

Published reports included (n=14)

Clinical trials register search

Potentially relevant registry entries
(n=2172)

ClinicalTrials.gov: 1378
ISRCTN: 423
ANZCTR: 287

Additional trials via WHO search
portal: 84

»| Registered entries excluded
after screening (n=2167)

A4

Eligible registry entries (n=5)

Recruitment status for included
registry entries at the time of
screening:

Completed: 2

Ongoing: 3

Figure 1. Flow chart of included trials. ISRCTN = International Standard
Randomized Controlled Trial Number register; PEDro = Physiotherapy
Evidence Database; ANZCTR = Australian New Zealand Clinical Trials
Registry; CINAHL = Cumulative Index to Nursing and Allied Health
Literature; WHO = World Health Organization.

each study (i.e., pooling of outcomes showing small posi-
tive or negative treatment effects for the treatment group).
If included studies were RCTs with three arms or more (i.e.,
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studies investigating the efficacy of more than one PA-based
intervention compared with a control group), we followed
the Cochrane handbook (Higgins & Green,2011) and opted
to split the sample from the control group in the number of
PA-based interventions investigated to allow inclusion of
each pair-wise comparison separately in the meta-analysis.
In case of insufficient data, we contacted the authors of
the included studies via email to request the missing data.
If this method failed, we estimated the missing data using
recommendations from the Cochrane Handbook.

As a secondary analysis if there were enough trials re-
porting data on the same outcome and time points, we also
calculated pooled effects as a mean difference (MD) for
that outcome.

The heterogeneity of the studies was evaluated with
the I? statistic and by inspection of the forest plots. Pooled

effects were calculated using Comprehensive Meta-Analysis
software, version 2.2.04 (Biostat), using random-effects
models. We obtained the pooled effects using random-
effects model which accounts the heterogeneity between
the estimates of included studies. However, when the heter-
ogeneity was higher than 50%, we combined the estimates
to obtain a meta-analysis but also downgraded one level of
the overall quality of evidence for inconsistency (Higgins
& Green, 2011).

Results

The initial electronic database search identified 5,449
potentially eligible articles. After screening of titles and
abstracts, 198 potentially eligible articles were considered
for inclusion and full-text articles were retrieved. Of these,

Study name Sample size SMD (95% CI) Weight (%) SMD (95% CI)
Short-term follow-up Intervention Control
Conn (b) 2003 47 16 4 0.48 (-0.09 to 1.06)
Conn (c) 2003 47 15 4 0.49 (-0.10 to 1.08)
Conn (a) 2003 47 16 —_— 4 0.24 (-0.33 to 0.81)
Harris 2018 142 138 —— 13 0.47 (0.23 t0 0.71)
Kim 2013 26 15 P 3 0.72 (0.07 to 1.37)
Koizumi 34 34 — 6 0.66 (0.17 to 1.15)
Lara 2016 48 22 —_— 5 -0.036 (-0.54 to 0.47)
Mackey 2019 19 25 4 0.50 (-0.11 to 1.10)
McMurdo (a) 2010 60 33 - 7 0.23 (-0.19 to 0.66)
McMurdo (b) 2010 53 33 —— 6 0.45 (0.01 to 0.89)
Muellman (a) 2019 146 70 —a— 11 -0.06 (-0.34 to 0.23)
Muellman (b) 2019 119 70 T 11 0.20 (-0.09 to 0.50)
Mutrie 2012 20 19 —_— 3 0.70 (0.06 to 1.35)
Sims 1999 10 10 2 0.30 (-0.58 to 1.18)
Warner (a) 2016 90 25 —_— 6 -0.17 (-0.61 to 0.27)
Warner (b) 2016 27 25 5 0.45 (-0.10 to 1.00)
Warner (c) 2016 80 24 — 6 0.19 (-0.27 to 0.65)

Pooled effect I’=0 % 1015 590 ‘ 100 0.30 (0.17 to 0.43)
Intermediate-term follow-up
Gothe 2015 127 133 —— 25 0.31 (0.06 t0 0.55)
Harris 2018 137 136 — 26 0.29 (0.05 to 0.52)
Mutrie 2012 20 17 —_— 8 -0.05 (-0.70 to 0.60)
Oliveira 2019 54 55 —a— 17 -0.06 (-0.43 to 0.32)
Wijsman 2013 107 109 —— 23 0.59 (0.32 to 0.86)

Pooled effect P=10% 445 450 ‘ 100 0.27 (0.06 to 0.49)
Long-term follow-up
Harris 2018 108 117 --.— 70 0.18 (-0.08 to 0.44)
Oliveira 2019 46 52 i 30 0.22 (-0.18 t0 0.61)

Pooled effect P= 0% 154 169 ‘ 100 0.19 (-0.03 to 0.41)
-2.00 -1.00 0.00 1.00 2.00
Favours Favours
Control Intervention

Figure 2. Meta-analyses of studies reporting objective physical activity measures using the most conservative estimate from each included study.

SMD = Standardized Mean difference; Cl = 95% confidence interval.
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The Gerontologist, 2019, Vol. XX, No. XX 1
Study name Sample size DM (95% CI) Weight (%) DM (95% CI)
Short-term follow-up Intervention  Control
Koizumi 2005 34 34 . 41 8.26 (2.33 t0 14.19)
Muellman (a) 2019 146 70 25 -1.80 (-10.96 to 7.36)
Muellman (b) 2019 119 70 23 6.80 (-3.12t0 16.72)
Warner (a) 2016 90 25 —f— 5 -9.63 (-34.75 to 15.49)
Warner (b) 2016 27 25 3 27.35 (-5.72 to 60.43)
Warner (c) 2016 80 24 —_— 3 13.73 (-19.41 to 46.87)
Pooled effect P= 1.3% 496 248 l‘ 100 5.19 (-0.61 to 10.99)
Intermediate-term follow-up
Gothe 2015 127 133 . 50.08 6.39 (1.32to0 11.46)
Wijsman 2013 107 109 - 49.92 11.20 (6.11 to 16.28)
Pooled effect P=0% 234 242 ’ 100 8.79 (4.08 to 13.50)
-100.00 -50.00 0.00 50.00 100.00
Favours Favours
Control Intervention

Figure 3. Meta-analyses of studies reporting time spent on moderate-vigorous physical activity as the outcome measure. MD = Mean difference;

Cl = 95% confidence interval.

Study name Sample size DM(95% CI) Weight (%) DM (95% CI)
Short-term follow-up Intervention Control
Kim 2013 26 15 —i— 20 1750.00 (206.94 to 3293.06)
Koizumi 2009 34 34 - 33 1825.00 (632.97 to 3017.03)
Lara 2016 48 22 _— 3 -265.00 (-4026.20 to 3496.20)
Mackey 2019 19 25 —— 15 1473.00 (-270.76 to 3216.76)
Mutrie 2012 20 19 —- 29 1412.00 (154.31 to 2669.70)
Pooled effect P= 0% 147 115 ’ 100 1567.01 (885.89 to 2248.13)
Intermediate-term foll
Mutrie 2012A 20 17 100 -140.00 (-1958.88 to 1678.88)
Pooled effect P= 0% 20 17 100 -140.00 (-1958.88 to 1678.88)
-10000.00  -5000.00 0.00 5000.00  10000.00
Favours Favours
Control Intervention

Figure 4. Meta-analyses of studies reporting step counts as the outcome measure. MD = Mean difference; Cl = 95% confidence interval.

184 articles were excluded because they did not meet
the inclusion criteria. We did not identify any additional
studies by checking the reference list of included studies
or previous systematic reviews. Finally, a total of 14 ar-
ticles met the inclusion criteria (Conn, Burks, Minor, &
Mehr, 2003; Gothe et al., 2015; Harris et al., 2018; Kim
& Glanz, 2013; Koizumi et al., 2009; Lara et al., 2016;
Mackey, Perkins, Hong Tai, Sims-Gould, & McKay, 2019;
McMurdo et al., 2010; Muellmann et al., 2019; Mutrie
et al., 2012; Oliveira et al., 2019; Sims, Smith, Duffy, &
Hilton, 1999; Warner, Wolff, Ziegelmann, Schwarzer, &
Wurm, 2016; Wijsman et al., 2013). Of these, 10 trials were
parallel RCTs, two were three-arm RCTs, and two were
four-arm RCTs. Regarding the unpublished or ongoing
trials searches, we identified three ongoing studies. One

ongoing study with a target sample of 160 older adults will
investigate the effect of the combined use of smartphone
and smartband technology for 3 months with brief coun-
seling on physical activity levels comparing with counseling
alone (Recio-Rodriguez et al., 2019). The OUTDOOR
ACTIVE intervention trial is a cluster-randomized inter-
vention including eight subdistricts that will investigate the
effect of a program design to promote outdoor physical ac-
tivity on physical activity levels compared with no inter-
vention (Bammann, Drell, Libs, & Stalling, 2018). Another
ongoing study without a target sample compared a peer-
led, multicomponent physical activity intervention in so-
cioeconomically disadvantaged in community-dwelling
older adults (Tully et al., 2018). Figure 1 shows the flow of
studies through the review.
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Study name Sample size SMD(95% CI) Weight (%) SMD (95% CI)
Short-term follow-up Intervention Control
Koizumi 2009 34 34 —— 25 0.63 (0.15 0 1.12)
Mackey 2019 19 25 —— 2 0.00 (-0.60 to 0.60)
McMurdo (a) 2010 60 33 ——— 26 0.286 (-0.14 t0 0.71)
McMurdo (b) 2010 53 33 —— 25 -1.00 (-1.46 to -0.54)

Pooled effect I'= 61% 166 125 *— 100 -0.02 (-0.74 t0 0.70)
-2.00 -1.00 0.00 1.00 2.00
Favours Favours
Control Intervention

Figure 5. Meta-analysis of studies reporting mobility measures. SMD = Standardized Mean difference; Cl = 95% confidence interval.

The included trials were published between 1999 and
2019. The included trials were conducted in seven coun-
tries, including Australia, Canada, United Kingdom, United
States, Japan, Netherlands, and Germany. The sample size
of the included studies ranged from 20 to 529 participants.
We contacted the authors of one study to check the number
of participants allocated to each group but the authors did
not reply our email (Sims et al., 1999). Therefore, we opted
to divide the total sample size by two assuming an equal
number of participants per group, that is, 10 participants
per group. The mean age of participants reported in the
included trials ranged from 60.9 to 72.2 years. More than
two thirds of the included trials (z = 11) recruited older
adults from both sexes. One study (Warner et al., 2016)
was a four-arm trial with unequal number of participants
per group. Table 1 shows characteristics of included trials.

Regarding the PA-based interventions investigated,
six trials investigated the use of motivational interven-
tion delivered by face-to-face interactive group sessions
(Mackey et al., 2019; Oliveira et al., 2019; Warner et al.,
2016), face-to-face plus telephone calls (Conn et al., 2003),
telephone calls only (Sims et al., 1999), and text messages
(Kim & Glanz, 2013), two trials investigated the addi-
tion of PA monitors (i.e., pedometers and accelerometers)
to the motivational intervention component (McMurdo
et al., 2010; Mutrie et al., 2012), two trials investigated
a pedometer and/or accelerometer-based intervention
(Harris et al., 2018; Koizumi et al., 2009), three trials
investigated a web-based motivational intervention (Lara
et al., 2016; Muellmann et al., 2019; Wijsman et al.,
2013), and one trial investigated a motivational DVD
(Gothe et al., 2015).

Accelerometer was the objective PA measure most com-
monly used as an outcome (Gothe et al., 2015; Harris et al.,
2018; Koizumi et al., 2009; Lara et al., 2016; McMurdo
et al., 2010; Warner et al., 2016; Wijsman et al., 2013),

00

Figure 6. Funnel plot.

followed by pedometer (Conn et al., 2003; Kim & Glanz,
2013; Mackey et al., 2019; Muellmann et al., 2019; Mutrie
et al., 2012; Oliveira et al., 2019) and heart-rate monitor
(Sims et al., 1999). Detailed information about the assess-
ment method, the number of monitoring days, and how
a valid measurement day was defined in each study can
be found in Table 1. Three trials investigated mobility as
an outcome measure (Koizumi et al., 2009; Mackey et al.,
2019; McMurdo et al., 2010), the 12-min walking test and
the short physical performance battery (SPPB).

The assessment of risk of bias showed PEDro scores
ranging from 3 to 8 (mean of 5). Most of the trials failed
to blind the assessors (z = 8), conceal allocation (7 = 8),
and use intention-to-treat analysis (7 = 9; Table 2). Nearly
a third of the included trials showed dropout rates higher
than 15%. Due to the nature of the PA-based interventions,
all included studies were unable to blind those delivering
the intervention or participants.

The meta-analyses combing data from all PA meas-
ures using the most conservative estimates are described
in Figure 2. Pooled estimates showed that physical ac-
tivity—based interventions were slightly effective when
compared with minimal intervention at short-term
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(n =1605; SMD = 0.30; 95% CI = 0.17 to 0.43; I> = 0%)
and intermediate-term follow-ups (7 = 895; SMD = 0.27;
95% CI = 0.06 to 0.49; I> = 10%). However, there was
no difference between groups at long-term follow-up
(n =323; SMD = 0.19; 95% CI = -0.03 to 0.41; Table 3).
Considering that the inspection of the funnel plot showed
no evidence of asymmetry and the Egger test showed no
statistically significance (p = .311), there was no evidence
of publication bias in our analyses (Figure 6). According
to GRADE, the overall quality of evidence was moderate
at short-term, intermediate-term, and long-term follow-ups
(downgraded for risk of bias).

For the secondary analyses, pooling data were possible
for two physical activity measures: moderate-vigorous
physical activity (MVPA) and steps/week. Figure 3 shows
the pooled effects for those trials reporting time spent on
MVPA per day. Although there was no significant differ-
ence at short-term follow-up (7 = 744; MD = 5.19; 95%
CI = -0.61 to 10.99; I*> = 1.3%), physical activity—based
interventions were more effective compared with minimal
intervention in increasing MVPA at intermediate follow-up
(n=476; MD = 8.80; 95% CI =4.09 to 13.52; I* = 0.0%).
None of the studies reported data for this outcome at
long-term follow-up. The overall quality of evidence was
moderate (downgraded for risk of bias) at short-term and
intermediate follow-ups.

Figure 4 shows the pooled effect for those trials re-
porting steps counts per day. Pooled estimate showed that
physical activity—based interventions were more effective
compared with minimal intervention in increasing steps per
day at short-term follow-up (7 =262; MD = 1567.01; 95%
CI=885.89t02248.13; I* = 0%). One study reported steps
per day at intermediate-term follow-up and showed no sig-
nificant differences between groups (7 = 37; MD = -140.0;
95% CI = -1958.9 to 1678.9; Mutrie et al., 2012). The
overall quality of evidence was low (downgraded for risk of
bias and imprecision) at short-term follow-up.

For the secondary outcome, only three studies
evaluated mobility (Koizumi et al., 2009; Mackey et al.,
2019; McMurdo et al., 2010). Although Mc Murdo and
colleagues and Mackey and colleagues used the SPPB to
measure mobility, Koizumi and colleagues measured the
distance walked during the 12-min walking test. Figure
5 shows the pooled effect for mobility outcomes. Pooling
showed that physical activity—based interventions were
slightly more effective compared with minimal interven-
tion at short-term follow-up (7 = 291; SMD = -0.02; 95%
CI = -0.74 to 0.70; I> = 61%). The overall quality of evi-
dence was very low (downgraded for risk of bias, inconsist-
ency and imprecision; Figure 5).

Discussion

The results of this systematic review and meta-analysis
show that PA-based interventions are effective for
increasing objectively measured PA levels at the short-term

and intermediate-term follow-up among community-
dwelling older adults when compared with no/minimal
interventions. Two studies reported PA measures at long-
term follow-up, but there was no intervention impact on
physical activity. The overall quality of the evidence was
considered to be moderate, meaning that PA-based inter-
vention probably improves objectively measured PA levels.

A previous systematic review investigating the effect of
PA-based interventions designed to increase PA behavior
among community-dwelling older adults showed a statis-
tically significant difference between groups (SMD = 0.18;
95% CI = 0.10 to 0.26; Chase, 2015); however, the small
magnitude of the effect may not be considered clinically
relevant for older adults. The small effect found in the pre-
vious systematic review might be attributable to the com-
bination of objective and self-reported PA measures which
show low to moderate correlation (Skender et al., 2016).
Furthermore, 48 studies included in the meta-analysis were
not RCTs and the authors did not assess the risk of bias
and overall quality of the evidence (Morelhao, Oliveira,
& Franco, 2016). Another systematic review (Conn,
Valentine, & Cooper, 2002), adopted the same approach
of combining evidence from objective and self-reported
PA measures found also a small effect (SMD, 0.26 = 0.5)
favoring physical activity—based intervention over the con-
trol. Other important methodological limitations are in-
clusion of studies based on the mean age of 60 years and
the inclusion of populations with specific health conditions
which prevent us from generalizing the results to older
adults living in the community. Therefore, to the best of
our knowledge, the present systematic review is the first to
meta-analyze data from objective PA measures to evaluate
the short- and long-term effect of PA-based interventions in
community-dwelling older adults.

Regarding the secondary outcome of this review, the meta-
analysis results show that PA-based interventions may slightly
improve mobility compared with the control group (Figure
5). These results corroborate with another study which
demonstrated that older adults undertaking physical activity
showed better mobility compared with those not undertaking
physical activity (Landi & Calvani, 2018). Nevertheless, given
the low quality of evidence with pooling of data from only
two RCTs, further studies are needed to determine whether
interventions aimed at promoting PA also improve mobility
performance of older people living in the community.

This systematic review followed a registered protocol
and did not limit the inclusion of studies by language or
date. A strength of this review is the use of a comprehensive
search strategy including five electronic databases to locate
published studies as well as the main clinical trials registers
to locate unpublished and ongoing trials. Another strength
is the use of objective PA measures as the primary outcome,
as previous studies in older adults indicated weak conver-
gent validity between objective and self-reported measures
(Harris et al., 2009). A weakness of the available literature
is the high variability in the objective measures reported
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and the use of different data processing techniques indi-
cated by the small number of studies consistently providing
data to allow pooling of outcomes such as MVPA and daily
steps. The meta-analyses for these outcomes suggest only
low (or very low) quality of evidence, meaning that more
studies are still needed to better quantify the magnitude of
effect in terms of time spent on MVPA and steps counts. We
would encourage more research in this area as the magni-
tude of the effect in such terms would help us to better in-
form clinicians and patients about the efficacy of PA-based
interventions. At present, the results from our secondary
analysis with data from four small trials suggest that the
PA-based interventions may promote an average increase
of 1,567 steps compared with the control intervention.
Future research is also needed to identify the optimal dose,
intensity, and mode of delivery of interventions to maxi-
mize the impact on physical activity. Another limitation
of the included studies is the use of a variety of methods
to objectively measure physical activity levels, such as
differences in the intensity cutoffs, placement of the de-
vice, and the number of monitoring and valid measurement
days. Therefore, future studies in this area should follow
recent recommendations for reporting objective PA meas-
ures such as placement of accelerometer and side of body,
number of valid measurement days and minutes per day to
be included in the analysis, criteria for defining non-wear
time, and number of participants non-compliant (Montoye
et al., 2018). In addition, based on the methodological lim-
itations of the included studies, future studies should in-
vestigate long-term effects and minimize bias, such as lack
of intention-to-treat analysis, concealed allocation, assessor
blinding, and higher dropout rates. Another limitation is
that our findings can only be applied to older adults living
in the community and may not be generalizable to older
adults with specific health conditions. Further studies
should investigate the effect of physical activity—based
interventions in other populations such as older adults
with chronic pain, chronic conditions, or disabilities. When
there is a bigger pool of available studies, future reviews
could use meta-regression to assess whether these factors
impact on intervention effects.

Our findings showed that the included studies
investigated PA-based interventions using behavioral
and/or lifestyle components to increase PA levels in older
adults. This is in line with systematic review evidence
showing that behavior change techniques can promote
physical activity in other populations (Samdal, Eide,
Barth, Williams, & Meland, 2017). Given that our review
did not identify any structured exercise interventions, it
appears that trials investigating the effect of this type of
intervention do not include objective-measured PA levels
as outcome measures. So, it is unclear whether structured
exercise interventions affect daily free-living PA. Future
studies in this area should investigate whether structured
exercise interventions are able to increase objective PA
levels in older adults.

Our search for registered clinical trials identified three
(Bammann et al., 2018; Recio-Rodriguez et al., 2019; Tully
et al., 2018) ongoing studies that will be included in fu-
ture update of this review, so the estimated effect reported
in this review may change. As technology advances and
devices that objectively measured PA levels become more
accessible, new research that investigates how to improve
and maintain PA levels among older adults is warranted.

Conclusion

This systematic review with meta-analysis identified a significant
impact on objectively measured PA levels from interventions
designed to promote PA among older community-dwelling
people. However, the results should be interpreted with caution
due to the paucity of high-quality studies. More well-designed
randomized controlled trials are still needed to better under-
stand the characteristics of PA-based interventions required
to increase physical activity levels of older adults living in the
community. Future studies should also address current meth-
odological flaws such as intention-to-treat analysis, concealed
allocation, and assessor blinding.
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