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Background: Physical activity is known to prevent frailty and reduce its consequences; however, it remains unclear which interven-
tions are optimal for older adults with frailty. We conducted a systematic review and meta-analysis to identify effective physical activ-

ity interventions in improving outcomes related to frailty.

Methods: We searched MEDLINE, Embase, the Cochrane Central Register of Controlled Trials and CINAHL (inception to July 2019)
for English-language randomized controlled trials (RCTs) of physical activity interventions in adults aged 65 years or more who were
prefrail or frail; we included observational and cohort studies when there were no RCT data. Outcomes of interest were frailty, mobil-
ity, physical function, cognitive function, use of health care services and quality of life. After data extraction, we assessed the risk of
bias using the Cochrane Collaboration risk of bias tool for RCTs and the Newcastle—Ottawa Scale for observational studies, rated the
certainty of evidence with the Grading of Recommendation, Assessment, Development and Evaluations (GRADE) approach, and

assessed statistical and methodologic heterogeneity.

Results: We identified 26 studies (24 RCTs [1 of which did not have any relevant outcomes for extraction] and 2 observational stud-
ies) involving 8022 prefrail or frail older adults. Nine studies had low risk of bias, 2 had high risk of bias, and for 13 the risk of bias
was unclear. The trials included mixed (aerobic and muscle-strengthening) (n = 13), muscle-strengthening (n = 8), mobilization and
rehabilitation (n = 4) or aerobic (n = 1) activities. Significant effects were found for mobility (standardized mean difference [SMD] 0.60,
95% confidence interval [Cl] 0.37 to 0.83), activities of daily living (SMD 0.50, 95% CI 0.15 to 0.84), cognitive function (SMD 0.35,
95% CI 0.09 to 0.61), quality of life (SMD 0.60, 95% CI 0.13 to 1.07) and frailty (SMD —1.29, 95% CI —2.22 to —0.36; risk ratio 0.58,

95% CI 0.36 to 0.93), with moderate certainty of evidence.

Interpretation: There is low- to moderate-level evidence that various physical activity interventions are beneficial for prefrail and frail
older adults. Studies need to better define frailty to ensure the identification and implementation of such interventions into clinical

practice. PROSPERO registration: CRD42020144556

railty is a leading contributor to functional decline

and premature mortality in older adults.! More than

1.5 million Canadians are currently diagnosed as
medically frail, and this number is expected to rise to more
than 2 million in the next 10 years.” Frailty is a syndrome
resulting from multiple factors and impairments that can
reduce a person’s functional ability. One of the major com-
ponents of frailty is decline in physiologic domains such as
loss of muscle mass and strength, flexibility, balance, coordi-
nation and performance.® Older adults with frailty are at
increased risk for falls, decline in mobility, hospital admis-
sion and death,*’ which results in high consumption of
health care resources,® an increased burden on caregivers
and adverse health outcomes.”
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With the increase in older adults with frailty and the social
and economic impact of this syndrome, research has focused
on ways to prevent, delay and treat frailty, but proper identifi-
cation and measurement of frailty is necessary to measure
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these changes and optimize care and treatment.”? Evidence
shows a link between regular physical activity and improved
muscle strength, aerobic capacity and balance in older adults
in general® and in those with frailty.”"!' However, much of this
research has been conducted in populations in which frailty
has not been clearly defined or measured. This has led to a
gap in the literature: recommended physical activity'>!® may
be too advanced or too intense for a frailer population, put-
ting them at risk for falls and injuries.

Previous reviews looking at physical activity interventions
for frail older adults have given mixed results,**!*1¢ so it is
still unclear what the best interventions are to support these
people, especially in a population that has been clearly identi-
fied as frail. Such a defined population is important to sup-
port the creation of guidelines to enable evidence-based clini-
cal practice.

We conducted a systematic review and meta-analysis
focused on physical activity interventions in older adults with
prefrailty or frailty (as identified by a tool or assessment) to
assess the effectiveness of the interventions in improving out-
comes including frailty, mobility, physical function
(e.g., activities of daily living [ADLs], fatigue level, falls), cog-
nitive function, use of health care services (e.g., hospital
admissions) and quality of life. The results of this review,
along with those of a methodologically similar review focused
on nutrition and combined nutrition plus physical activity
interventions,!” will provide the scientific evidence for the
clinical practice guidelines of the Canadian Frailty Network.

This systematic review and meta-analysis followed the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines.”® The protocol was registered
in the International Prospective Register of Systematic
Reviews (PROSPERO-CRD42020144556). There were
minor variations from the published protocol. These included
application of the English-only language restriction on
screening rather than as part of the search, and reporting on
only the outcomes listed in the protocol that were ranked crit-
ical based on the voting of a guideline panel committee. Our
methods followed the Cochrane Handbook for Systematic
Reviews of Interventions."

Key question

What is the effectiveness of physical activity interventions in
older adults (aged > 65 yr) with frailty or prefrailty on clinical
outcomes, outcomes that are important to the patient and
outcomes related to use of health care services?

Search strategy

We developed the search terms, databases and strategy in
consultation with a research librarian; they were informed by
previous systematic reviews'*'¢ (Appendix 1, available at
www.cmajopen.ca/content/9/3/E728/suppl/DC1). We
searched MEDLINE (1948 to July 2019), Embase (1974 to
July 2019), the Cochrane Central Register of Controlled
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Trials (2019, Issue 6) and CINAHL (1937 to July 2019) and
manually searched reference lists of relevant reviews and
included studies not captured in our search. The search
results were deduplicated, and citations were uploaded to a
secure Internet-based platform for screening (DistillerSR,
Evidence Partners).

Eligibility criteria
The PICO (population, intervention, comparator, outcomes)
inclusion and exclusion criteria are provided in Box 1.

We included English-language peer-reviewed studies
primarily from randomized controlled trials (RCTs); we
included observational and cohort studies only when there
were no RCT data. There was no exclusion based on inter-
vention or participant setting.

Outcomes of interest were selected by an interdisciplinary
steering committee (L.G., HK,, JH-L., AG,, AT,, D.RB,
J.M.) through a voting process that involved gathering a com-
prehensive list of outcomes from clinical and research exper-
tise as well as existing relevant systematic reviews. The com-
mittee identified any missing outcomes and then anonymously
rated the importance of the incomes on a scale from 1 to 9
(1-3: not important; 4-6: important; 7-9: critical). Authors
not involved in the ranking process (D.S., D.F-L., M.R.) aver-
aged the scores for each outcome and provided the list of out-
comes to the committee for final discussion and agreement.

Box 1: Population, intervention, comparator, outcomes
(PICO) eligibility criteria
Population

* Adults aged > 65 yr clearly identified as prefrail or frail with any
frailty assessment tool, assessment of frailty or other explicit
author-established criteria (including studies with subanalyses
involving a portion of prefrail or frail participants)

* To make this review relevant to the general frail population,
studies that targeted clinical populations, such as patients with
obesity or cancer, were excluded

Intervention

* Physical activity interventions

Comparator

* True control group defined as having received usual care,
routine care or minimal contact that did not include any
intervention or treatment group components

* Any head-to-head interventions were excluded

Outcomes
e Frailty (measured with a valid tool)

e Mobility (e.g., gait speed, Timed Up and Go test, Sit-to-Stand
test, balance test and Short Physical Performance Battery)

* Physical function (e.g., activities of daily living, energy and
fatigue levels, falls, fall rate, fall incidence)

* Cognitive function (e.g., Loewenstein Occupational Therapy
Cognitive Assessment, Mini-Mental State Examination)

e Use of health care services (e.g., hospital admission,
emergency department visits)

e Quality of life (measured with a standardized tool)

CMAJ OPEN, 9(3)  E729



OPEN

Study selection, data extraction and quality
assessment

A series of team members were involved in the screening pro-
cess, which resulted in different combinations of reviewers
and team members. At all levels of screening, all articles
required a minimum of 2 reviews. Multiple publications for
the same primary intervention were merged; all data from all
publications from a single study were extracted for relevant
outcomes, but we describe the study and its characteristics
only once in our review.

We developed, piloted and deployed standardized forms
for data extraction. These forms were templated based on our
experience and expertise as methodologists and included
details such as outcome type, tool used, and intervention and
control group data. The forms were then tested indepen-
dently by 2 researchers to ensure there were no errors or mis-
interpretation. Two team members then completed full data
extraction (unadjusted, intention-to-treat data) and an assess-
ment of risk of bias using the Cochrane Collaboration risk of
bias tool?® for RCTs and the Newcastle-Ottawa Scale?! for
observational studies. If interventions had multiple treatment
arms, only the interventions that met our inclusion criteria
were extracted. Conflicts were resolved by the lead researcher
of this review (M.R.), and all data extraction was verified inde-
pendently by the statistician (M.U.A.).

Data on harms or adverse events were extracted narratively.

Certainty of evidence

We independently evaluated the certainty of the body of evi-
dence using the Grading of Recommendation, Assessment,
Development and Evaluations (GRADE) approach?? with
GRADEpro software. With this approach, the certainty of a
body of evidence is rated as high, moderate, low or very low
based on assessment of 5 conditions: methodologic quality;
consistency across effect estimates and statistical heterogene-
ity; directness of the body of evidence to the populations,
interventions, comparators or outcomes of interest; precision
of results; and indications of reporting bias.

Statistical analysis

The physical activity components and intensities extracted
from the search are shown in Appendix 2 (available at www.
cmajopen.ca/content/9/3/E728/suppl/DC1). All data analyses
were planned a priori. We used a meta-analysis to combine
the results across all studies by outcome using the published
data from included studies (full methods presented in
Appendix 3, available at www.cmajopen.ca/content/9/3/E728/
suppl/DCI).

We also conducted an analysis of the effectiveness of each
physical activity category by outcome. For continuous out-
comes, we used the change from baseline to immediately after
the intervention (mean change score, standard deviation [SD]
of mean change score) for both the intervention group and
the control group to generate the summary measures of effect
in the form of standardized mean difference (SMD).?* We
used SMD as a summary statistic because many studies in this
systematic review assessed the same outcome measured in a
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variety of ways (e.g., mobility measured as stair climb, balance
test, gait speed, chair rise repetition, Sit-to-Stand test, Short
Physical Performance Battery, gait speed, Timed Up and Go
test). In this situation, it was necessary to standardize the
results of the studies before they could be compared across
studies or combined in a quantitative synthesis. The SMD-
based effect sizes represent the magnitude of the intervention
effect relative to the variability observed in a particular study.
Therefore, studies for which the difference in mean change
score was the same as the proportion of SD of mean change
score have the same SMD, regardless of the actual scale or
unit of measurement used to obtain the outcome mea-
sures.!””* The SMD is interpreted based on its magnitude
according to recommended Cohen d thresholds (~0.2 = small
effect, ~0.5 = medium effect, ~0.8 = large effect).”’ For studies
in which measure of variance was reported as confidence
intervals (Cls), standard error or p values, we used Cochrane-
recommended methods to convert these data to SD."

We used a multilevel meta-analytical approach (where
applicable) to account for statistical dependence, that is,
dependency in effect sizes introduced by comparison of multi-
ple intervention arms within a study to a common control
group, or by multiple outcome measures or suboutcome mea-
sures of a primary outcome of interest within a study (such as
Short Physical Performance Battery reported as gait speed,
balance and chair stand test separately).?¢ In such cases, we
nested the correlated measures or effect sizes within studies
first, by introducing a random effect to our grouping variables
such as studies, outcome measures and intervention arms.
This grouping variable, also known as a random intercept,
told our model to assume different values (intercepts) for each
grouping level. Specifically, we used 2 grouping variables: that
on level 2 and that on level 3. We assumed that these group-
ing variables are nested, in the sense that several effect sizes
on level 2 together make up a larger cluster on level 3. For
pooling of performance measures, we adjusted the direction of
effect to ensure consistency of desirable outcome responses.

For dichotomous outcomes, we used the number of events
after the intervention to generate the summary measures of
effect in the form of risk ratio (RR) using DerSimonian and
Laird random-effects models with the Mantel-Haenszel
method. We used the Cochran Q test (o = 0.05) to detect sta-
tistical heterogeneity and the P statistic to quantify the magni-
tude of statistical heterogeneity between studies, where an
P value of 30%-60% represents moderate heterogeneity and
a value of 60%—-90% represents substantial heterogeneity
across studies.

We estimated the statistical heterogeneity I* statistic in the
context of the multilevel meta-analytical approach.?*?¢ We
estimated I*-level 2 to account for the amount of within-
cluster heterogeneity (i.e., across effect sizes or multiple arms
of same study), I’-level 3 to account for between-cluster het-
erogeneity (i.e., effect sizes across studies or subgroups of
interest) and P—total to represent the heterogeneity not attrib-
utable to sample error (sum of values at levels 2 and 3). We
added P—total to all forest plots for overall pooled effect esti-
mates and summary effect size within subgroups.



We assessed publication bias using funnel plots’” when
there were at least 10 studies in the meta-analysis.

We performed all analyses using R software (metafor and
dmetar packages) (R Foundation for Statistical Computing).

Ethics approval
As this study was solely literature based, it was not eligible for
institutional ethics approval, and none was sought.

From the 4668 citations identified, we assessed 218 full-text arti-
cles for eligibility and included 26 studies described in 34 publi-
cations in the qualitative synthesis (Figure 1); the studies were
published from 1998 to 2019. Of the 26 studies, 24 were
RCTs?3! and 2 were observational studies;’*** however, 1 of

Records identified through Additional records identified
database search through other sources
n=11261 n=0
——— Excluded n =6593
* Duplicate n=4579
* Editorial, letter, abstract n = 1596
* Not in English n =407
* Notin humans n =11
\4
Records screened
n = 4668
—— Excluded n =4450
* Not physical activity intervention n = 4125
* Study population not frail n = 325
Y
Full-text articles accessed
for eligibility
n=218
——— Excluded n =192
« Study population aged < 65 yr, frailty not
defined, targeted clinical population n =113
* Not physical activity intervention n =34
* Did not meet study design inclusion criteria
n=238
« Full text unavailable n=7
Y
Studies included in qualitative
synthesis
n=26
« 24 RCTs, 2 observational studies
* 34 articles
—— Excluded: RCTs with no relevant
outcomes n=1
A
RCTs included in quantitative
synthesis
(meta-analysis)
n=23

Figure 1: Flow diagram showing study selection. Note: RCT = random-
ized controlled trial.
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the RCTs did not have any relevant outcomes for extraction.’!
Therefore, we meta-analyzed 23 RCTs and their outcomes.

The 26 studies included in the qualitative analysis involved
8022 frail older participants aged 65 years or more (mean
69.8-85.4 yr); the proportion of women ranged from 50% to
100%. All of the included RCTs had fewer than 280 partici-
pants (median 88; quartiles 62, 88, 148, 1635), with the excep-
tion of 1, which had 1635 participants.*

Characteristics of the included studies are presented in
Table 1, and further demographic data from the studies can be
found in Appendix 4 (available at www.cmajopen.ca/content/9/
3/E728/suppl/DC1). Briefly, interventions were conducted in
Asia, Europe and North America (all in the United States) with
participants who were community-dwelling or living in care
homes (12 = 12), or had been admitted to hospital.

The tools used to measure and assess frailty included stan-
dardized tools such as Fried’s frailty phenotype but also other
assessments of mobility, physical dependency and ADL indi-
ces. Most interventions (z = 13) consisted of both aerobic and
muscle-strengthening activities, known as the mixed (or
multicomponent) category, followed by muscle-strengthening
activities only (z = 8) (Table 2). The intensity of the interven-
tions was mostly resistance or strength training (z = 9), fol-
lowed by moderate intensity (z = 7). Activities were per-
formed 1-2 or 3—4 times per week and were 30-60 minutes in
duration. The interventions lasted on average 29 weeks, with
only 4 studies having a duration of 9 months or more.

Adverse effects or harms that were directly related to the
intervention were reported in 7 studies (5 mixed physical
activity,*¢##-25 1 muscle-strengthening intervention®' and
1 mobilization or rehabilitation intervention*), and no occur-
rences of any adverse effects were reported in 5. Most of the
harms consisted of falls (occurring during the intervention
protocol or physical activities); fractures, sprains, strains or
other injuries; muscle ache and fatigue; and incidents from
other pre-existing health problems, such as angina; there was
no significant difference between the intervention and control
groups. Events were successfully managed with adjustments to
intervention protocols in most cases, and participant retention
remained high (79%* to 92%?3!), but 3 participants withdrew
from 2 studies.®*

Risk of bias and quality of studies

Using the Cochrane Collaboration risk of bias tool, we found
that 9 studies had low risk of bias?®3637#1-#4484 and 2 studies
had high risk of bias;**** the risk of bias was unclear for
13 studies,??31:33,35.38-40,45-47.5051 mostly owing to unclear
sequence generation, allocation concealment and blinding
procedures (Table 3).

The certainty of evidence as assessed with the GRADE
approach ranged from very low to moderate; it was moderate
for most outcomes owing to downgrading for risk of bias
(Table 4; Appendix 5, available at www.cmajopen.ca/content/
9/3/E728/suppl/DC1).

We did not observe any significant asymmetry across fun-
nel plots for publication bias (Appendix 6, available at www.
cmajopen.ca/content/9/3/E728/suppl/DC1).
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Table 1 (part 1 of 3): Characteristics of the included studies

Intervention
category;
No. of Assessment intensity;
Study; participants Age, mean tool or Frailty level, no. Design; frequency; Delivery of
country (F/M, %) + 8D, yr measure® of participantst durationt duration Control intervention Outcome(s)
Binder 119 (52/48§) 0:83+4 Physical I: mild to RCT; 9 mo Mixed; moderate Home exercises Exercise Frailty
et al.,5-% 1:83+4 Performance moderate frailty intensity; 3x/wk;  (primarily physiology
2005, US C:83+4 Testq| 66 30 min (aerobic  flexibility), technician
C: mild to component) monthly
moderate frailty exercise classes
49
Brown etal.,*® 87 (57/43) 1:83+4 Physical I: frail 48 RCT; 3 mo Mobility/ Home exercises NR Frailty, mobility,
2000, US C:83+4 Performance C: frail 39 rehabilitation; (primarily physical function
Test light intensity; flexibility), (including falls
3x/wk; duration monthly and quality of
NR exercise classes life)
Chandler 100 (50/50) 0O:77.6 +7.6 Inability to I: frail 50 CCT; 10 wk  Muscle- Usual care Physiotherapist  Frailty, physical
et al.,*® 1998, 1:775+71 descend stairs  C: frail 50 strengthening; function
us C:777 +78  step over step resistance/ (including falls
without holding strength training; and quality of
railing 3x/wk; duration life)
NR
Chen et al.,> 69 (53/47)  0:75.40 Barthel Index I: transitional RCT;8mo  Mobility/ Usual care Certified yoga  Frailty
2010, Taiwan 6.70 (ADLs) frail 38 rehabilitation; instructor
C: transitional light intensity;
frail 31 3x/wk; 70 min
Chen et al.,®® 70 (65/358) 1:76.97 = Fried’s frailty |: prefrail 33 RCT; 9 wk Muscle- Usual care Physiotherapist  Frailty, mobility
2020, China 5.19 phenotype C: prefrail 33 strengthening; or trained
C:75.27 resistance/ community
5.98 strength training; centre worker
3x/wk; 45—-60
min
Clegg et al.,® 84 (71/29) 0:79+9.2 Edmonton Frail Mean Edmonton RCT; 12wk Muscle- Usual care Physiotherapist  Frailty, mobility
2014, UK 1:79.4+£79  Scale Frail Scale score strengthening;
C:78.0 = + SD: resistance/
10.5 1:78 +2.4 strength
C:83+27 training; 5x/wk;
< 15 min
Daniel,* 23 (61/39) 0:77£5.3 Fried’s frailty |: prefrail 8, 8 RCT; 15wk  Mixed; intensity Usual care Certified fitness  Frailty, mobility
2012, US 1:78.13 = phenotype C: prefrail 7 unknown; 3x/wk; professional
5.5,80 45 min
3.37
C:726+4.6
de Jong 217 (70/30) 0:78.7 +5.6 Required health I: frail 39 RCT; 17 wk  Mixed; moderate  Social program  Teacher Frailty, mobility,
et al.,*55758 1:76.7 + 4.4  care service C: frail 37 intensity; 2x/wk; (researcher physical function
2000, the C:79.3+6.6 (e.g., home 45 min supervised) (including falls
Netherlands care or meal and quality of
delivery) life)
Faber etal.,? 278 (79/21§) 1:85.4+5.9, Fried's frailty |: prefrail 25, 33; RCT; 20 wk  Muscle- Usual care Instructor-led Frailty, mobility,
2006, the 84.4+6.4 phenotypeq frail 36, 43; not strengthening; group sessions  physical function
Netherlands C:849+59 frail 4, 4 moderate (including falls
C: prefrail 47; intensity; 1x/wk and quality of
frail 36; not frail for 4 wk, then life)
7 2x/wk for 16 wk;
90 min
Gill et al.,*5° 188 (80/20) 0:83 Moderately |: moderately RCT; 7 mo Mobility/ Individualized Physiotherapist  Frailty, mobility,
2002, US 1:82.8 +5.0 frail if required frail 60, severely rehabilitation; monthly health cognitive
C:835+52 >10sto frail 34 intensity education function, physical
perform rapid C: moderately unknown; 3x/wk;  sessions function
gait test or frail 56, severely duration NR (including falls
could not stand frail 38 and quality of
up from seated life), use of
position in health care
hardback chair services
with arms
folded;
severely frail if
met both
criteria
E732 CMAJ OPEN, 9(3)
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Table 1 (part 2 of 3): Characteristics of the included studies

Intervention
category;
No. of Assessment intensity;
Study; participants Age, mean tool or Frailty level, no. Design; frequency; Delivery of
country (F/M, %) + 8D, yr measure® of participantst durationt duration Control intervention Outcome(s)
Giné-Garriga 51(61/39§) 1:839+28 >10sto |: frail 22 RCT; 12wk  Mixed; Usual care, Researcher Frailty, mobility,
etal.,*" 2010, C:84.1 +3.0 perform rapid C: frail 19 resistance/ social meetings physical function
Spain gait test, could strength training; (including falls
not stand up 2x/wk; 45 min and quality of
5 times from life)
seated position
in hardback
chair with arms
folded, or
Fried’s
exhaustion
criteria
Giné-Garriga 51(61/39§) 1:83.9+2.8 Fried's frailty I: frail 22 RCT; 12wk  Mixed; Usual care, NR Frailty, physical
et al.,*® 2013, C:84.1+3 phenotype C: frail 19 resistance/ social meetings function
Spain strength training; (including falls
2x/wk; duration and quality of
NR life)
Kuo et al.,* 41 (83/17§) 0:69.77 Comprehensive |: frail 15 RCT; 8 wk Aerobic; Usual care Researcher Frailty, mobility,
2018, Taiwan 1:68.93 = geriatric C: frail 21 moderate cognitive
3.81 assessment intensity; 2x/wk; function, physical
C:70.38 = 30 min function
5.22 (including falls
and quality of
life)
Kwon et al.,*” 89 (100/0t1) ©:76.8 Fried’s frailty |: prefrail 28 RCT; 12wk  Mixed; intensity General health  Certified health  Frailty, mobility,
2015, Japan 1:770+4.2  phenotypef| C: prefrail 31 unknown; 1x/wk; education fitness trainer physical function
C:76.9 3.9 60 min sessions (including falls
and quality of
life)
Liu et al.,®? 85 (94/61t) 0:79.32 = Fried’s frailty I: prefrail 5, frail  RCT; 16 wk  Mixed; intensity Centre-based Physiotherapist  Frailty, mobility,
2017, Hong 772 phenotype 24 unknown; 1x/wk  health talks on  and exercise physical function
Kong 1:79.72 + C: prefrail 6, frail at centre, 3x/wk  management of instructor (including falls
7.95,77.03 = 15 at home; various health and quality of
7071t 45-60 min at issues except life)
C:81.90 = centre, 30—45 fatigue
7.69 min at home
Liu et al.,*° 1635 (66/34§) |:78.6 +5.2  Study of NR** RCT; 2 yr Mixed; moderate  Health NR Frailty, mobility
2018, US C:79.1 £5.3 Osteoporotic intensity; education
Fractures index 3—-4x/wk; 50 min  workshops,
instructor-led
program of
gentle upper
extremity
stretching or
flexibility
exercises
Losa-Reyna 30 (75/25§) 0:84.2+4.5 Fried's frailty O: prefrail 7, frail  CCT; 6 wk Mixed; high/ Usual care NR Frailty, mobility,
etal.,? 2019, 1:84.0 4.7 phenotype 13 strenuous physical function
Spain C:84.4+46 intensity; 2x/wk; (including falls
45 min and quality of
life)
Ng 246 (56/441t) 0:70.0 +4.7 Cardiovascular [: prefrail 29, frail RCT; 24 wk  Mixed; Standard care Qualified trainer ~ Frailty, mobility,
et al. 660861 1:69.7 £ Health Study 19 resistance/ cognitive
2015, 4.23,69.7 + criteria C: prefrail 43, strength training; function,
Singapore 4.31,70.3 frail 7 2x/wk; 90 min physical function
5.25,70.4 + (including falls
4.74%% and quality of
C:70.1 = life), use of
5.02 health care
services
Takatori 266 (100/0) 0:75+5 Kihon Checklist I: frail 148 CCT; 6 mo Muscle- Maintained or Physiotherapist, Frailty, mobility,
et al.,* 2016, 1:74.6 £ 5.1 C: frail 118 strengthening; improved then self-guided physical function
Japan C:75.9+6.0 intensity activity in daily (including falls
unknown; life, lectures on and quality of
3x/wk; 5 min health life)

CMAJ OPEN, 9(3)

E733



OPEN

Table 1 (part 3 of 3): Characteristics of the included studies
Intervention
category;
No. of Assessment intensity;
Study; participants Age, mean tool or Frailty level, no. Design; frequency; Delivery of
country (F/M, %) + 8D, yr measure® of participantst durationt duration Control intervention Outcome(s)
Tarazona- 100 (54/46) 1:79.7 + 3.6  Fried’s frailty I: frail 51 RCT; 24 wk  Mixed; moderate  Usual care Physiotherapist  Frailty, mobility,
Santabalbina C:80.3 +3.7 phenotype C: frail 49 intensity; 5x/wk; and nurse cognitive
et al.,*® 2016, 65-70 min function, physical
Spain function
(including falls
and quality of
life), use of
health care
services
Tieland 127 (61/29) 0:79.0 + 0.7 Fried’s frailty |: prefrail 84%, CCT; 24 wk  Muscle- Usual care Personal Frailty, mobility,
et al.,®® 2015, 1:78.4+10  phenotype frail 16% strengthening; supervision physical function
the C:79.5+10 C: prefrail 72%, resistance/ (including falls
Netherlands frail 28% strength training; and quality of
2x/wk; duration life)
NR
Tsang etal.,® 134 (75/25§) 1:83.33 = 62-item frailty |: frail 61 RCT; 12wk  Mobility/ Newspaper Certified gqigong  Frailty, mobility,
2013, China 6.30 index C: frail 55 rehabilitation; reading and instructor cognitive
C:84.85 + light intensity; discussion function
6.03 frequency NR; activity
60 min
Yamada 610 (77/23) 1:79.7 +6.3  Frailty checklist Mean total score Prospective  Mixed; moderate  Screening Physiotherapist  Frailty
etal.,*® 2012, C:80.3+6.6 ofJapan on frailty cohort study; intensity; 1x/wk;  evaluation
Japan checklist + SD: 16 wk 90 min
1: 741 £ 3.98
C:734 +4.27
Yamada 3240 (82/18) 1:771 +6.4  Kihon Checklist I: prefrail 591, Prospective  Mixed,; light Matched on all ~ Volunteer staff  Frailty
et al.,’? 2017, C:772+6.9 frail 420, robust ~ cohort study; intensity; 1x/wk;  baseline
Japan 609 4yr 60 min characteristics
C: prefrail 591, (e.g., age,
frail 420, robust gender, body
609 mass index) and
each item on
Kihon Checklist
Yarasheski 17 (71/29) |: female 82  Physical |: mild to RCT; 9 mo Muscle- Home exercises NR Frailty, physical
etal.,*” 1999, +2, male 82 Performance moderate frailty strengthening; (primarily function
us +1 Test, 12 resistance/ flexibility), (including falls
C:female 82 self-reported C: mild to strength training;  monthly and quality of
+ 2, male: ADLs moderate frailty 3x/wk; duration exercise life)
828§ 5 NR sessions
Yoon et al.,*® 65 (70/30§) 0:73.94 Cardiovascular ~ Mean frailty RCT; 16 wk  Muscle- Usual care, Exercise Frailty, mobility,
2018, South 4.27 Health Study criteria + SD: strengthening; dynamic instructor cognitive
Korea 1:73.82 criteria 1:1.63 + 0.90 resistance/ stretching function, physical
4.37 C:1.37 £ 0.56 strength training; function
C:74.03 = 3x/wk; 60 min (including falls
4.27 and quality of
life)
Note: ADL = activity of daily living, C = control, CCT = clinical controlled trial, F = female, | = intervention, M = male, NR = not reported, O = overall, RCT = randomized
controlled trial, SD = standard deviation.
*Fried’s frailty criteria were derived from the Cardiovascular Health Study (CHS) and as such can be considered the same as the CHS criteria; however, we report here how
the assessment tool was described by the study authors.
tTotal nonfrail, prefrail and frail for entire study population by intervention and control groups (may include multiple treatment arms combined).
1Not including follow-up, if applicable.
§Values based on reported baseline, which may not equal the number randomly allocated but, rather, the number who completed the intervention.
9Authors indicated that the assessment tool was modified.
**Authors indicated that most participants were frail; however, the number of frail participants was unclear.
11The n from the most relevant intervention/treatment arms was used to calculate proportions.
11+Only 1 intervention group met the inclusion criteria for this review.
§§O0nly 1 participant.

Benefits of treatment

The meta-analysis included an examination of the between-
group impact of all physical activity RCTs together and
subgroup analyses based on the intervention category (aero-
bic [z = 1], muscle-strengthening [z = 8], mobilization or
rehabilitation [# = 4] and mixed [z = 13]). Owing to hetero-

geneity, we analyzed the physical outcomes separately based
on the individual measures of ADLs, falls and fatigue level.
Forest plots for meta-analyzed outcomes for all interven-
tions and by intervention category can be found in Appen-
dix 7 (available at www.cmajopen.ca/content/9/3/E728/
suppl/DC1).
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Table 2: Category, intensity, frequency, duration and delivery
of included studies
No. (%) of studies
Characteristic n=26
Physical activity category
Aerobic 1(4)
Mixed 13 (50)
Mobilization/rehabilitation 4 (15)
Muscle strengthening 8 (31)
Intervention intensity
High/strenuous 1(4)
Moderate 7 (27)
Light 4 (15)
Resistance/strength training 9 (35)
Unknown 5(19)
Frequency of intervention
1-2 times per week 12 (46)
3—4 times per week 11 (42)
> 4 times per week 2(8)
Not reported 1(4)
Duration of intervention session, min
<15 2(8)
30-60 13 (50)
> 60 5(19)
Not reported 6 (23)
Delivery agent
Physiotherapist 9 (35)
Fitness instructor/trainer 7 (27)
Researcher 3(12)
Other 2(8)
Not reported 5(19)

Overall

Opverall, the RCTs had significant pooled effect estimates on
measures of mobility (SMD 0.60, 95% CI 0.37 to 0.83) (Fig-
ure 2), ADLs (SMD 0.50, 95% CI 0.15 to 0.84) (Figure 3A),
cognitive function (SMD 0.35, 95% CI 0.09 to 0.61)
(Figure 3B), quality of life (SMD 0.60, 95% CI 0.13 to 1.07)
(Figure 4A) and frailty (SMD -1.29, 95% CI -2.22 to —0.36;
RR 0.58, 95% CI 0.36 to 0.93) (Figures 4B and 4C, Table 4;
Appendix 7), with moderate certainty of evidence (Appen-
dix 5, Supplemental Table S3). These effects were large for
frailty, medium for mobility, ADLs and quality of life, and
small for cognitive function. There were no significant effects
on measures of falls or fatigue level (Appendix 7).

Aerobic interventions

The only aerobic intervention, which was a prescribed stepper
walking program,” had a medium but significant effect esti-
mate on mobility (SMD 0.71, 95% CI 0.23 to 1.20) (Table 4;
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Appendix 7), with low certainty of evidence (Appendix 5,
Supplemental Table S4). The mean age of participants was
69.8 years, and 83 % were women.

Muscle-strengthening interventions

The muscle-strengthening RCT's had significant pooled
effect estimates on measures of mobility (SMD 0.57, 95% CI
0.08 to 1.06) and frailty (RR 0.21, 95% CI 0.10 to 0.43)
(Table 4; Appendix 7), with moderate certainty of evidence
(Appendix 5, Supplemental Table S5), and a small but signifi-
cant effect on the measure of cognitive function (SMD 0.45,
95% CI 0.19 to 1.72) (Table 4; Appendix 7), with very low
certainty of evidence (Appendix 5, Supplemental Table S5).
The mean age of participants ranged from 74 to 85 years;
70% were women.

Mobilization and rehabilitation interventions

One of the 4 mobilization or rehabilitation RCT's did not have
any relevant outcomes for extraction.’! The 3 remaining RCT's
had small but significant pooled effect estimates on measures
of mobility (SMD 0.29, 95% CI 0.17 to 0.42) and ADLs
(SMD 0.48, 95% CI 0.28 to 0.67) (Table 4; Appendix 7), with
moderate certainty of evidence (Appendix 5, Supplemental
Table S6). The mean age of participants ranged from 75.4 to

84.9 years; 70% were women.

Mixed interventions

The RCTs of mixed interventions had significant pooled
effect estimates on measures of mobility (SMD 0.75, 95% CI
0.40 to 1.10), ADLs (SMD 0.64, 95% CI 0.004 to 1.27), cog-
nitive function (SMD 0.62, 95% CI 0.12 to 1.11), quality of
life (SMD 0.68, 95% CI 0.16 to 1.21) and frailty (SMD -1.57,
95% CI -2.57 to —-0.57; RR 0.72, 95% CI 0.63 to 0.83)
(Table 4; Appendix 7). These effects were large for frailty,
with moderate certainty of evidence; medium for mobility,
cognitive function and quality of life, with moderate certainty
of evidence; and medium for ADLs, with low certainty of evi-
dence (Appendix 5, Supplemental Table S7). The mean age
of participants ranged from 75.9 to 84.1 years; 69% were
women.

Both observational studies were prospective cohorts with
mixed physical activity.”>** Only 1 contained data for the out-
comes selected in this review.”® Evidence with low certainty
indicates that there is a reduced risk of frailty with higher
physical activity levels compared to lower physical activity lev-
els (Appendix 8, available at www.cmajopen.ca/content/9/3/
E728/suppl/DC1).

Our review showed a significant benefit of physical activity
interventions of various types on certain outcomes including
mobility, ADLs, cognitive function, quality of life and frailty
when compared to control groups in frail adults aged
65 years or more. The effect sizes ranged from small to large,
with low to moderate certainty of evidence. When we looked
at all physical activity interventions together, there was a
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Table 3: Risk of bias for the included studies

Chen et al.,?® 2020
Losa-Reyna et al.,?® 2019

Type of bias
Blinding of
Sequence Allocation outcome Incomplete Selective
Study generation concealment assessment outcome data reporting Other

Liu et al.,*0 2018
Clegg et al.,®' 2014
Liu et al.,®2 2017
Yoon et al.,*® 2018
Takatori et al.,* 2016

Tarazona-Santabalbina et al.,®®
2016

Ng et al., %6061 2015

Kwon et al.,®” 2015
Tieland et al.,® 2015
Giné-Garriga et al.,*® 2013
Daniel,* 2012
Giné-Garriga et al.,*' 2010
Faber et al.,*? 2006
Binder et al.,**%+%6 2005
Gill et al.,*+5° 2002

de Jong et al.,**57%8 2000

H

HI
HI

Brown et al.,*® 2000

Yarasheski et al.,*” 1999
Chandler et al.,*® 1998
Kuo et al.,* 2018

Tsang et al.,5° 2013 U

HHCCC

cC C

Chen et al.,’" 2010 U

Note: H = high risk of bias, L = low risk of bias U = risk of bias unclear.

large effect on frailty, a medium effect on quality of life,
ADLs and mobility, and a small effect on cognitive function.
Previous systematic reviews and meta-analyses have
been conducted to evaluate various physical activity inter-
ventions and their outcomes related to frailty prevention,
progression and reversal, but few have used such an explicit
inclusion criterion for prefrailty or frailty, or combined
individual measurements of outcomes (such as muscle
strength and gait speed) into overall effect estimates (such
as physical performance) to allow for a more robust presen-
tation of the results.”!:9-%” However, frailty itself was mea-
sured infrequently, both at baseline and after the interven-
tion. The authors of only 4 of the 23 studies that we
meta-analyzed reported frailty outcomes after the interven-
tion,??%3%36 3 of which were mixed physical activity inter-
ventions. When compared to control, these interventions
showed a large effect size, with moderate certainty of
evidence, similar to other reviews;*63:0:68 however, the
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GRADE approach was not used in any of those reviews,
and only 2 included a meta-analysis of outcomes.5*%
Mobility-related outcomes (gait speed, Timed Up and
Go test, Sit-to-Stand test, Short Physical Performance Bat-
tery, balance test and Physical Performance Test) and
ADLs (measured with valid tools such as the Barthel Index,
Lawton Instrumental Activities of Daily Living Scale,
Instrumental Activities of Daily Living instrument and
Groningen Activity Restriction Scale) were significantly
improved by almost all physical activity intervention types.
Mobility was the most common outcome reported among
the studies in our review (19/26). The significant pooled
effect estimates were mostly the result of the mixed (n = 9)
and muscle-strengthening (z = 6) interventions. Mixed
training has been shown to be effective at managing frailty
in older adults, with improvements in mobility-related out-
comes such as muscle strength and balance, and reductions
in disability and falls.!5:62:63:66:686% Previous reviews have also
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Table 4 (part 1 of 2): Physical activity intervention effect estimates for outcomes and certainty of evidence, for all interventions
combined and by intervention category
No. of No. of
Category; outcome*t studies participants SMD1z (95% CI)§ GRADE rating
All interventions combined
Mobility 19 1724 0.60 (0.37 to 0.83) Moderate; downgraded for risk of bias
Activities of daily living 9 910 0.50 (0.15 t0 0.84) Moderate; downgraded for risk of bias
Cognitive function 5 377 0.35 (0.09 to 0.61) Moderate; downgraded for risk of bias
Quality of life 6 500 0.60 (0.13 to 1.07) Moderate; downgraded for risk of bias
Frailty 4 244 —1.29 (—2.22 t0 —0.36) Moderate; downgraded for risk of bias
4 1538 RR 0.58 (0.36 to 0.93)1] Moderate; downgraded for risk of bias
Falls 7 724 RR 0.80 (0.51 to 1.26)] Very low; downgraded for risk of bias,
inconsistency and imprecision
Fatigue level 3 184 —0.27 (-0.65t0 0.12) Low; downgraded for risk of bias and
imprecision
Aerobic interventions
Mobility 1 36 0.71 (0.23 to 1.20) Low; downgraded for risk of bias and
imprecision
Activities of daily living 1 36 0.46 (—-0.03 to 0.94) Very low; downgraded for risk of bias and
imprecision
Cognitive function 1 36 0.15 (-0.50 to 0.80) Very low; downgraded for risk of bias and
imprecision
Fatigue level 1 36 —0.39 (-0.87 to 0.09) Very low; downgraded for risk of bias and
imprecision
Muscle-strengthening interventions
Mobility 722 0.57 (0.08 to 1.06) Moderate; downgraded for risk of bias
Activities of daily living 2 278 0.16 (—0.05 t0 0.37) Low; downgraded for risk of bias and
imprecision
Cognitive function 1 45 0.45 (0.19 10 0.72) Very low; downgraded for risk of bias and
imprecision
Quality of life 1 70 0.15 (-0.33 t0 0.63) Very low; downgraded for risk of bias and
imprecision
Frailty 1 45 —0.20 (-0.79 to 0.39) Very low; downgraded for risk of bias and
imprecision
1 66 RR 0.21 (0.10 to 0.43)1] Moderate; downgraded for imprecision
Falls 2 442 RR 0.78 (0.37 to 1.65)| Very low; downgraded for risk of bias,
inconsistency and imprecision
Mobilization/rehabilitation interventions
Mobility 3 330 0.29 (0.17 to 0.42) Moderate; downgraded for risk of bias
Activities of daily living 1 182 0.48 (0.28 10 0.67) Moderate; downgraded for risk of bias
Cognitive function 1 116 0.12 (-0.10 to 0.34) Low; downgraded for risk of bias and
imprecision
Falls 1 184 RR 0.88 (0.69 to 1.12)q] Low; downgraded for risk of bias and
imprecision

shown that older adults with frailty can improve mobility
and ADL status with progressive resistance-based (muscle-
strengthening) training.6%6>,68.70-73

We did not compare the effectiveness of different types
or categories of physical activity in reducing frailty and
frailty-related outcomes in older adults with frailty or pre-
frailty. Previous reviews also showed that mixed physical

activity and muscle-strengthening interventions were the
most common types of physical activity investigated in
older adults with frailty.”>¢07+7> Other types of exercise,
such as aerobic or endurance training, balance training, and
flexibility or stretching training, have not been studied suf-
ficiently, and their effectiveness has not been established.”
We also did not analyze interventions based on frequency,
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combined and by intervention category

Table 4 (part 2 of 2): Physical activity intervention effect estimates for outcomes and certainty of evidence, for all interventions

No. of No. of

Category; outcome*t studies participants

SMD{ (95% Cl)

GRADE rating

Mixed interventions

Mobility 636 0.75 (0.40 to 1.10) Moderate; downgraded for risk of bias
Activities of daily living 5 414 0.64 (0.004 to 1.27) Low; downgraded for risk of bias and
inconsistency
Cognitive function 2 180 0.62 (0.12 to 1.11) Moderate; downgraded for risk of bias
Quality of life 5 430 0.68 (0.16 to 1.21) Moderate; downgraded for risk of bias
Frailty 3 199 —1.57 (—2.57 t0 -0.57) Moderate; downgraded for risk of bias
3 1472 RR 0.72 (0.63 to 0.83)1] Moderate; downgraded for risk of bias
Falls 1 82 —0.37 (-0.81 t0 0.07) Low; downgraded for risk of bias and
imprecision
98 RR 0.62 (0.16 to 2.47)1| Low; downgraded for imprecision
Fatigue level 2 —0.23 (-0.85 t0 0.39) Very low; downgraded for risk of bias,
inconsistency and imprecision
Use of health care 1 82 —-0.21 (-0.65 to 0.23) Low; downgraded for risk of bias and
services imprecision
1 98 RR 0.52 (0.05 to 5.56)| Low; downgraded for imprecision

visits.

services.

1Except where noted otherwise.
§Large: ~0.8; medium: ~0.5; small: ~0.2.
fIDichotomous outcome.

Note: Cl = confidence interval, GRADE = Grading of Recommendation, Assessment, Development and Evaluations,?* RR = risk ratio, SMD = standardized mean difference.
*Mobility: gait speed, Timed Up and Go test, Sit-to-Stand test, balance test, Short Physical Performance Battery; cognitive function: Loewenstein Occupational Therapy
Cognitive Assessment, Mini-Mental State Examination; falls: actual falls, fall rate, fall incidence; use of health care services: hospital admissions, emergency department

tFor aerobic interventions, there were no data for quality of life, frailty, falls or use of health care services; for muscle-strengthening interventions, there were no data for
fatigue level or use of health care services; and for mobilization/rehabilitation interventions, there were no data for quality of life, frailty, fatigue level or use of health care

intensity or duration, as this was not always clearly reported.
Previous investigators have also struggled to analyze these
data.9'15’65’74’76

Physical activity interventions do not appear to introduce
undue harm for older adults with frailty. Several studies
reported no occurrences of adverse events, and minor
events, such as aches, minor pains and fatigue, were man-
aged successfully through adjustments made to the training
protocols. For studies with more severe adverse events
(e.g., falls, hospital admission), occurrence rates were similar
between intervention and control groups,* and participant
retention in these studies remained high (79%* to 92%?").
Engaging in physical activity comes with inherent risks, but
there are also well-known risks associated with sedentary
time in older adults.”” Although it is not realistic for all risk
of harm to be eliminated during physical interventions, it is
important that future studies and clinical and community
programs follow published preparticipation screening rec-
ommendations to minimize risk to participants.”® Impor-
tantly, as was evident from the high level of supervision in
the studies in this review, these programs should engage
professionals with the requisite skills and knowledge (such as
nurses, physiotherapists and kinesiologists) to be able to
adjust training protocols for this high-risk population as
appropriate.
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Research explicitly identifying prefrail and frail older
adults, and consistency in the use of frailty identification tools
are still lacking. In our review, very few studies measured
frailty as a postintervention outcome. Likewise, the wide
range of outcome measures used across studies, including
unvalidated tools to assess frailty, may reflect the lack of clar-
ity in frailty identification and diagnosis. Well-designed clini-
cal trials that have explicit definitions of frailty and use out-
comes that reflect frailty identification and diagnosis are
needed to inform clear interventions that prevent or delay
frailty progression in older adults.

We identified only 1 study specific to aerobic physical
activity, so further research in this area is warranted.

Although the diversity of outcomes reflects the use of
physical activity interventions in clinical and real-world set-
tings, 54% of studies did not report the occurrence of adverse
events. This limits our knowledge on the safety of the inter-
ventions and hampered comparison of studies.

Limitations

We used the inclusion criterion of frailty in an attempt to
identify a more homogeneous population. However, it led to
a large number of exclusions, which may have resulted in the
exclusion of potentially frail populations or those with over-
lapping conditions. Furthermore, the variety of tools and
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No. of participants

Study, year; outcome measure Intervention Control Weight, % SMD (95% Cl)

|
Aerobic interventions '
Kuo et al.,*® 2018; gait speed 15 21 = 1.25 0.71 (0.03 to 1.39)
Kuo et al.,* 2018; Timed Up and Go test 15 21 T 125 0.72 (0.04 to 1.40)
RE multilevel model for subgroup (Q = 0.00, df =1, p = 1.0, /2 = 0.00%) ! ’ 0.71 (0.23 to 1.20)
Mobility/rehabilitation interventions 1
Gill et al.,*+% 2002; Sit-to-Stand test 85 84 H-.-{ 5.00 0.20 (-0.08 to 0.48)
Gill et al.,*%° 2002; gait speed 85 84 HIH 5.00 0.41 (0.13 to 0.69)
Gill et al.,**° 2002; Physical Performance Test 85 84 HH 5.00 0.27 (-0.01 to 0.55)
Brown et al.,*® 2000; gait speed (normal) 48 36 o] 3.12 0.07 (-0.37 to 0.51)
Brown et al.,*® 2000; gait speed (fast) 48 36 o 3.12 —0.01 (-0.45 to 0.43)
Brown et al.,* 2000; balance test 48 36 B 3.12 0.69 (0.25 to 1.13)
Brown et al.,*® 2000; Physical Performance Test 48 36 . 3.12 0.54 (0.10 to 0.98)
Tsang et al.,*® 2013; Timed Up and Go test 42 35 e 0.99 0.15 (-0.29 to 0.59)
RE multilevel model for subgroup (Q = 8.75, df =7, p = 0.3, /2 = 0.00%) :‘ 0.29 (0.17 to 0.42)
Muscle-strengthening interventions 1
Chen et al.,® 2020; gait speed 33 33 1 b 0.86 1.91 (1.32 to 2.50)
Clegg et al.,*" 2014; Timed Up and Go test 40 30 H— 0.95 0.36 (-0.12 to 0.84)
Yoon et al.,*® 2018; gait speed 22 23 —— 1.81 0.62 (0.03to 1.21)
Yoon et al.,*® 2018; Short Physical Performance Battery 22 23 —a— 1.81 0.55 (-0.04 to 1.14)
Yoon et al.,*® 2018; Timed Up and Go test 22 23 ! 171 0.93 (0.31 to 1.55)
Takatori et al.,* 2016; Sit-to-Stand test 138 72 | HH 5.00 0.42 (0.14 to 0.70)
Takatori et al.,* 2016; gait speed 138 72 HH 5.00 0.04 (-0.24 t0 0.32)
Takatori et al.,** 2016; Timed Up and Go test 138 72 THEH 5.00 0.34 (0.06 to 0.62)
Tieland et al.,?® 2015; Short Physical Performance Battery 62 61 e 1.06 0.31 (-0.03 to 0.65)
Faber et al.,*? 2006; physical performance score (Int. 1 functional walking) 54 84 5 = 3.18 0.12 (-0.22 to 0.46)
Faber et al.,*? 2006; physical performance score (Int. 2 in balance) 70 84 i 3.18 0.03 (-0.31 t0 0.37)
RE multilevel model for subgroup (Q = 41.90, df = 10, p = 0.0, /2 = 90.27%) :‘ 0.57 (0.08 to 1.06)
Mixed interventions '
Losa-Reyna et al.,?® 2019; balance test 10 9 e 0.83 1.25 (0.25 to 2.25)
Losa-Reyna et al.,?® 2019; Sit-to-Stand test 10 9 T e e | 0.78 1.54 (0.50 to 2.58)
Losa-Reyna et al.,* 2019; gait speed (maximum) 10 9 P 0.85 1.21 (0.23 t0 2.19)
Losa-Reyna et al.,?° 2019; gait speed (usual) 10 9 I 0.78 1.57 (0.53 to 2.61)
Losa-Reyna et al.,?® 2019; Short Physical Performance Battery 10 9 \ | E—— 0.65 2.15(0.99 to 3.31)
Liu et al.,*® 2017; Sit-to-Stand test 29 21 e 2.00 0.35 (-0.20 to 0.90)
Liu et al.,*2 2017; gait speed 29 21 Fr=-— 2.00 0.28 (-0.27 to 0.83)
Liu et al.,*> 2017; Timed Up and Go test 29 21 = 2.00 0.24 (-0.31 t0 0.79)
Tarazona-Santabalbina et al.,? 2016; gait speed 40 42 [ | 2.05 1.11 (0.63 to 1.59)
Tarazona-Santabalbina et al.,** 2016; Physical Performance Battery 40 42 ' = 2.05 1.43 (0.95 to 1.91)
Ng et al.,*%06' 2015; gait speed 48 50 b 1.02 0.25 (—0.14 to 0.64)
Kwon et al.,*” 2015; gait speed 25 28 —r 0.89 —0.08 (—0.63 to 0.47)
Daniel,*° 2012; gait speed (Int. 1 Wii-fit) 8 5 L 0.56 1.47 (0.20 to 2.74)
Daniel,*° 2012; gait speed (Int. 2 seated exercise) 8 5 e 0.46 2.10 (0.69 to 3.51)
Daniel,*° 2012; Sit-to-Stand test (Int. 1 Wii-fit) 8 5 LE—— 0.53 1.61 (0.31 to 2.91)
Daniel,*® 2012; Sit-to-Stand test (Int. 2 seated exercise) 8 5 I—:—I 0.64 0.78 (-0.38 to 1.94)
Daniel,*° 2012; Timed Up and Go test (Int. 1 Wii-fit) 8 5 —— 0.68 0.45 (-0.68 to 1.58)
Daniel,** 2012; Timed Up and Go test (Int. 2 seated exercise) 8 5 —t— 0.68 0.37 (-0.76 to 1.50)
Giné-Garriga et al.,*' 2010; Sit-to-Stand test 22 19 ' [——_— 1.48 1.81 (1.08 to 2.54)
Giné-Garriga et al.,*' 2010; gait speed (normal) 22 19 T —— 175 1.05 (0.40 to 1.70)
Giné-Garriga et al.,*' 2010; gait speed (fast) 22 19 N 175 1.15 (0.50 to 1.80)
Giné-Garriga et al.,*' 2010; gait speed (rapid) 22 19 ' ] 1.56 1.46 (0.75 t0 2.17)
Giné-Garriga et al.,*' 2010; Timed Up and Go test 22 19 H | 175 1.09 (0.44 to 1.74)
Binder et al.,*%+% 2005; Physical Performance Test 66 49 e 2.67 0.72 (0.33 to 1.11)
Binder et al.,**54%¢ 2005; balance test 66 49 P 2.67 0.58 (0.19 t0 0.97)
de Jong et al.,*>5%%¢ 2000; Sit-to-Stand test 81 76 ! 3.18 0.06 (-0.28 to 0.40)
de Jong et al.,**57% 2000; gait speed 81 76 = 3.18 0.78 (0.44 to 1.12)

'
RE multilevel model for subgroup (Q = 83.48, df = 26, p = 0.0, /? = 74.36%) ! L 2 0.75 (0.40 to 1.10)
RE multilevel model (Q = 167.00, df = 47, p = 0.0, overall [ = 80.48%) S 100.00 0.60 (0.37 to 0.83)

[ I I I I ]
-1 0 1 2 3 4
SMD

Figure 2: Effects of overall physical activity interventions on measures of mobility. Weights are from random-effects (RE) multilevel model anal-
ysis. Note: Cl = confidence interval, df = degrees of freedom, Int. = intervention, SMD = standardized mean difference.

definitions used to describe participants still made for a
diverse population of study participants that was subject to the
authors’ interpretation and description. We extracted out-
comes immediately after the interventions, which leaves the
long-lasting effects of the interventions unknown.

The practicality and uptake of exercises in real-world
settings is unknown from this review. Dent and colleagues'
noted that community-based programs for older adults with
frailty often fall short of evidence-based recommendations,
and that adherence to physical activity programs is poor
among older adults for reasons such as fear of falling, lack

of self-belief, attitude, and adverse social and environmental
influencers. Although we did not observe any significant
asymmetry across funnel plots for publication bias, studies
were small (< 300 participants) and had risk of bias con-
cerns. Our search protocol had limitations, including
restriction to English-language citations, our search end
date of July 2019 and the fact that we did not search the
grey literature.

Although there may be concerns about the reuse of the
same participants from the same study to contribute data
for multiple measures of a given outcome, our group agreed
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No. of participants
Study, year; outcome measure Intervention Control Weight, % SMD (95% CI)
Aerobic interventions |
Kuo et al.,*® 2018; Barthel Index (ADLs) 15 21 —_— 3.74 0.34 (-0.34 t0 1.02)
Kuo et al.,** 2018; Lawton IADL Scale (ADLs) 15 21 H— 3.74 0.57 (-0.11 t0 1.25)
RE multilevel model for subgroup (Q = 0.22, df =1, p = 0.6, /? = 0.00%) _— 0.46 (-0.03 to 0.94)
Mobility/rehabilitation interventions E
Gill et al.,*° 2002; IADL instrument 91 91 |- 19.35 0.39 (0.11 t0 0.67)
Gill et al.,**° 2002; ADL instrument 88 90 | - 19.35 0.56 (0.28 to 0.84)
RE multilevel model for subgroup (Q = 0.72, df = 1, p = 0.4, /2 = 0.00%) |- 0.48 (0.28 to 0.67)
Muscle-strengthening interventions !
Clegg et al.,*' 2014; Barthel Index (ADLs) 40 30 —— 2.60 0.18 (-0.30 to 0.66)
Faber et al.,*> 2006; GARS (ADLs) (Int. 1 functional walking) 54 84 et 13.15 0.17 (-0.17 to 0.51)
Faber et al.,* 2006; GARS (ADLs) (Int. 2 in balance) 70 84 = 13.15 0.14 (-0.20 to 0.48)
RE multilevel model for subgroup (Q = 0.02, df = 2, p = 1.0, /2 = 0.00%) L d 0.16 (-0.05 to 0.37)
'
Mixed interventions '
Tarazona-Santabalbina et al.,* 2016; Barthel Index (ADLs) 40 42 ' i 6.91 1.28 (0.80 to 1.76)
Tarazona-Santabalbina et al.,** 2016; Lawton IADL Scale (ADLs) 40 42 L= 6.91 1.17 (0.69 to 1.65)
Daniel,*® 2012; LLFDI (Int. 1 Wii-fit) 8 5 —_ 1.59 —0.46 (-1.59 to 0.67)
Daniel,“ 2012; LLFDI (Int. 2 seated exercise) 8 5 L 1.57 —0.47 (-1.61 10 0.67)
Giné-Garriga et al.,*' 2010; Barthel Index (ADLs) 22 19 o/ 2.21 1.08 (0.43 t0 1.73)
Binder et al.,*%+% 2005; Functional Status Questionnaire — ADLs 66 49 [ 2.80 1.12(0.73 to 1.51)
de Jong et al.,**57% 2000; ADL instrument 81 74 i 2.91 0.06 (-0.28 to 0.40)
RE multilevel model for subgroup (Q = 36.67, df = 6, p = 0.0, I = 86.45%) — 0.64 (0.00 to 1.27)
L
RE multilevel model (Q = 52.84, df = 13, p = 0.0, overall I? = 82.62%) |- 100.00 0.50 (0.15 to 0.84)
— T T
-2 - 0 1 2
SMD
No. of participants

Study, year; outcome measure Intervention Control Weight, % SMD (95% Cl)
Aerobic interventions .
Kuo et al.,*® 2018; MMSE 15 21 —— 3.78 0.15 (—-0.50 to 0.80)
RE multilevel model for subgroup (Q = 0.00, df =0, p = 1.0, /2 = 0.00%) ——— 0.15 (-0.50 to 0.80)
Mobility/rehabilitation interventions |
Tsang et al.,*® 2013; LOTCA-G — orientation 61 55 et 7.99 0.32 (-0.07 t0 0.71)
Tsang et al.,* 2013; LOTCA-G — perception 61 55 Hm— 8.97 0.11 (-0.23 to 0.45)
Tsang et al.,*® 2013; LOTCA-G — praxis 61 55 - 8.97 0.09 (-0.25 to 0.43)
Tsang et al.,* 2013; LOTCA-G — visuomotor organization 61 55 - 8.97 0.29 (-0.05 to 0.63)
Tsang et al.,*® 2013; LOTCA-G — thinking operations 61 55 [a— 799 0.57 (0.18 to 0.96)
Tsang et al.,* 2013; LOTCA-G — memory 61 55 = 8.97 —0.27 (-0.61 t0 0.07)
Tsang et al.,*° 2013; LOTCA-G — attention 61 55 -y 8.97 —0.21 (-0.55 t0 0.13)
RE multilevel model for subgroup (Q = 15.71, df = 6, p = 0.02, I? = 62.18%) '. 0.12 (-0.10 to 0.34)

T
Muscle-strengthening interventions !
Yoon et al.,*® 2018; Rey-15 (memory) 22 23 — 4.83 0.51 (-0.08 to 1.10)
Yoon et al.,* 2018; Trail Making Test A (processing speed) 22 23 e 4.83 0.33 (-0.26 t0 0.92)
Yoon et al.,*® 2018; cognitive flexibility 22 23 H—— 4.83 0.41 (-0.18 to 1.00)
Yoon et al.,* 2018; Digit Span test (working memory) 22 23 —— 4.83 0.16 (-0.43 t0 0.75)
Yoon et al.,* 2018; Frontal Assessment Battery 22 23 b —— 4.53 0.91 (0.29 to 1.53)
RE multilevel model for subgroup (Q = 3.27, df = 4, p = 0.5, I = 0.00%) g 0.45 (0.19 t0 0.72)

'
Mixed interventions '
Tarazona-Santabalbina et al.,* 2016; MMSE 40 42 = 5.53 0.88 (0.44 to 1.32)
Ng et al., 06! 2015; RBANS z-score 48 50 e 5.99 0.37 (=0.02 to 0.76)
RE multilevel model for subgroup (Q = 2.89, df =1, p = 0.09, /* = 65.40%) E‘ 0.62 (0.12 to 1.11)
RE multilevel model (Q = 34.15, df = 14, p = 0.002, overall I = 63.09%) -0 100.00 0.35 (0.09 to 0.61)

[ e e e |
-1 0 1 2
SMD

Figure 3: Effects of overall physical activity interventions on measures of activities of daily living (A) and cognitive function (B). Weights
are from random-effects (RE) multilevel model analysis. Note: ADL = activity of daily living, Cl = confidence interval, df = degrees of free-
dom, GARS = Groningen Activity Restriction Scale, IADL = Instrumental Activities of Daily Living, Int. = intervention, LLFDI = Late-Life
Function and Disability Instrument, LOTCA-G = Loewenstein Occupational Therapy Cognitive Assessment — Geriatric version, MMSE =
Mini-Mental State Examination, RBANS = Repeatable Battery for the Assessment of Neuropsychological Status, SMD = standardized

mean difference.

that this approach is preferred over selective reporting of
effect sizes for a given outcome or averaging outcome mea-
sures from the same study to conduct a conventional 2-level
meta-analysis. Both selective reporting (i.e., choosing
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1 outcome measure for a given outcome) and averaging all
outcome measures result in the potential loss and dilution
of relevant information, and may produce misleading, inac-
curate and biased results. These ad hoc approaches may
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A No. of participants

Study, year; outcome measure Intervention Control Weight, % SMD (95% ClI)
Muscle-strengthening interventions i
Clegg et al.,*' 2014; EQ-5D 40 30 —— 10.66 0.15 (-0.33 t0 0.63)
RE multilevel model for subgroup (Q = 0.00, df = 0, p = 1.0, /? = 0.00%) :‘ 0.15 (-0.33 to 0.63)
Mixed interventions .
Tarazona-Santabalbina et al.,** 2016; EQ-5D 40 42 | 10.96 0.70 (0.26 to 1.14)
Kwon et al.,*” 2015; SF-36 physical component 25 28 —=— 15.44 0.06 (-0.49 to 0.61)
Kwon et al.,*” 2015; SF-36 mental component 25 28 . 15.44 0.25 (-0.30 to 0.80)
Giné-Garriga et al.,*® 2013; SF-36 physical component 22 19 B — 11.74 1.94 (1.18 t0 2.70)
Giné-Garriga et al.,* 2013; SF-36 mental component 22 19 U ——y 12.87 0.89 (0.24 to 1.54)
Binder et al.,**5+% 2005; SF-36 66 49 L 11.28 1.20 (0.81 to 1.59)
de Jong et al.,*7% 2000; subjective well-being 67 72 e 11.61 0.05 (-0.29 to 0.39)
RE multilevel model for subgroup (Q = 37.19, df = 6, p = 0.0, > = 84.62%) ] - 0.68 (0.16 to 1.21)

'
RE multilevel model (Q = 40.05, df = 7, p = 0.0, overall I = 83.38%) E‘ 100.00 0.60 (0.13 t0 1.07)

e |
-1 0 1 2 3
SMD
No. of participants
Study, year; outcome measure Intervention Control Weight, % RR (95% Cl)
Muscle-strengthening interventions .
Yoon et al.,*® 2018; Cardiovascular Health Study criteria 22 23 ——t—t 20.46 —0.20 (-0.79 t0 0.39)
RE multilevel model for subgroup (Q = 0.00, df = 0, p = 1.0, /? = 0.00%) ‘,» —0.20 (-0.79 to 0.39)
Mixed interventions :
'
Losa-Reyna et al.,?° 2019; Fried’s criteria 10 9 — ! 16.82  —2.02 (-3.15t0 —0.89)
Tarazona-Santabalbina et al.,* 2016; Fried’s criteria 40 42 —-— ' 20.27 —2.77 (-3.39 to —2.15)
Tarazona-Santabalbina et al.,* 2016; Edmonton Frail Scale 40 42 = 21.08  -1.09 (-1.57 to -0.61)
Ng et al., %506 2015; Cardiovascular Health Study criteria 48 50 - 2142  -0.56 (-0.95 to —0.17)
RE multilevel model for subgroup (Q = 37.13, df = 3, p = 0.0, /2 = 91.70%) — -1.57 (-2.57 to -0.57)
RE multilevel model (Q = 46.48, df = 4, p = 0.0, overall * = 92.52%) —— E 100.00  -1.29 (-2.22 to -0.36)
r T T T T 1
-4 -3 -2 -1 0 1
SMD
C Intervention, Control,
no. of participants no. of participants
Study, year; outcome measure Frail Total Frail Total Weight, % RR (95% Cl)
Muscle-strengthening interventions E
Chen et al.,?® 2020; Fried’s criteria 6 33 29 33 —=— ! 17.35 0.21 (0.10 to 0.43)
DL RE multilevel model for subgroup (Q = 0.00, df = 0, p = 1.0, /* = 0.00%) — 0.21 (0.10 to 0.43)
Mixed interventions E
Liu et al.,* 2018; SoF 106 644 136 654 Lo 27.72 0.79 (0.63 to 1.00)
Tarazona-Santabalbina et al.,* 2016; Fried’s criteria 27 40 42 42 (] 2791 0.68 (0.55 to 0.84)
Ng et al.,®°61 2015; Cardiovascular Health Study criteria 27 46 39 46 =) 27.02 0.69 (0.53 t0 0.91)
DL RE model for subgroup (Q = 1.02, df =2, p = 0.6, /2 = 0.00%) & 0.72 (0.63 to 0.83)
DL RE model (Q = 11.72, df = 3, p = 0.01, overall /* = 90.60%) - 100.00 0.58 (0.36 to 0.93)
e e—
0.05 0.25 1.00
RR

Figure 4: Effects of overall physical activity interventions on measures of quality of life (A) and frailty (B [continuous] and C [dichotomous]).
Weights are from random-effects (RE) multilevel model analysis. Note: Cl = confidence interval, df = degrees of freedom, DL = DerSimonian
and Laird, EQ-5D = EuroQol-5 Dimension, RR = risk ratio, SF-36 = 36-ltem Short Form Health Survey, SMD = standardized mean difference,

SoF = Study of Osteoporotic Fractures criteria for frailty.

also lead to missed opportunities to use all available data to
address the relevant research questions.”

Conclusion

This review adds to the body of evidence identifying physical
activities that benefit components of frailty in older adults,
such as mobility, quality of life, cognitive function and ADLs,
along with frailty itself. Our use of a strict inclusion criterion
that attempted to identify a prefrail or frail population showed
that studies need to better define frailty to ensure clear ident-
fication of older adults who would benefit from such interven-

tions. This would support the development of clear recom-
mendations and facilitate the adoption and implementation of
effective interventions into clinical practice.
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