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Abstract

Background: Physical rehabilitation (PR) interventions can improve physical function for adults with frailty;
however, participant retention rates in randomized controlled trials (RCTs) are unknown.
Objective is to summarize participant retention rates in RCTs of PR for adults with frailty.
Design is a systematic review and meta-analysis (DOI:10.17605/OSF.IO/G6XR2).
Participants are adults ≥ 18 years with frailty.
Setting consists of inpatient, outpatient and community-based interventions.
Intervention includes any PR intervention.

Methods: We searched 7 electronic databases from inception to April 15, 2020 for published RCTs. Our primary
outcome was participant retention rate to primary outcome measurement. Secondary outcomes included retention
by study group, participant retention to intervention completion, reported reasons for attrition and reported
strategies for maximizing retention. We completed screening, data extraction and risk of bias (ROB) assessments
independently and in duplicate. We conducted a meta-analysis, calculating retention rates and 95% confidence
intervals (CIs) using fixed or random-effects models, as appropriate.

Results: We included 21 RCTs, enrolling 1685 adults with frailty (median age 82.5 years (79.0, 82.2), 59.8% female
(57.5, 69.8)). Twenty RCTs reported retention data, of which 90.0% (n = 18) had high ROB. The pooled participant
retention rate to primary outcome measurement was 85.0% [95%CI (80.0, 90.0), I2 = 83.9%, p < 0.05]. There were no
differences by group for retention to the primary outcome [intervention 87.0% (83.0, 91.0), p < 0.05, comparator
85.0% (79.0, 90.0), p < 0.05] or in retention to intervention completion [83.0% (95.0% CI (78.0–87.0), p < 0.05]. Of the
18 studies reporting 24 reasons for attrition, 51.3% were categorized as potentially modifiable by the research team
(e.g. low motivation). Only 20.0% (n = 4) of studies reported strategies for maximizing retention.

Conclusions: In this review of 21 RCTs of PR, we identified acceptable rates of retention for adults with frailty. High
retention in PR interventions appears to be feasible in this population; however, our results are limited by a high
ROB and heterogeneity.
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Introduction
Frailty is a clinical syndrome characterized by decline in
several physiological systems and increased vulnerability
to external stressors [1]. Frailty is associated with de-
creased physical function, both of which are associated
with an increased risk of negative outcomes such as falls,
hospitalization, disability or death [2, 3]. Negative out-
comes associated with frailty have important implica-
tions, including decreased quality of life among persons
with frailty and their caregivers, increased healthcare
spending and increased use of healthcare resources [4–
6]. It is becoming increasingly important to identify ef-
fective interventions to improve physical function and
decrease negative outcomes for the growing number of
adults with frailty.
Physical rehabilitation (PR) can improve physical func-

tion for adults with frailty [7]. A systematic review of 8
randomized controlled trials (RCTs) and 1068 adults
with frailty documented that exercise interventions in-
creased gait speed [+ 0.07, 95% confidence interval (CI)
(0.02, 0.11) m/s], improved Berg Balance scores [+ 1.7
(0.60, 2.8) points] and improved activities of daily living
across 3 measures [weighted mean difference 5.3 (1.0,
9.6)] compared to control groups [8]. However, of the 8
studies, 3 RCTs enrolling 240 patients reported overall
study retention rates of 73–77%, representing high attri-
tion bias according to the Physiotherapy Evidence Data-
base (PEDro) scale for rating quality of RCTs [9].

Research gap
While the results of PR trials could improve functional
outcomes for adults with frailty, retention is a concern.
Participant retention has important implications for clin-
ical trial design, conduct, data analysis and results [10].
Our primary objective was to estimate retention rates

(from randomization to primary outcome measurement)
of adults (≥ 18 years) with frailty enrolled in RCTs of PR.
Our secondary objectives were to (1) compare retention
rates by group (intervention vs. control) (2); estimate re-
tention rates from randomization to intervention com-
pletion (3); summarize reported reasons for attrition
(loss of participants from an RCT [11]) and (4)
summarize reported strategies for maximizing retention.

Methods
We prospectively registered this review in Open Science
Framework (DOI:10.17605/OSF.IO/G6XR2) [12] and
followed the Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) Statement [13]
(PRISMA checklist, Supplementary Table S1).

Inclusion and exclusion criteria
Full details of inclusion and exclusion criteria are pub-
lished in our protocol (Supplementary Table S2) [12].

Briefly, we included RCTs enrolling adults (≥ 18 years)
with frailty (identified in each RCT as an inclusion cri-
terion and assessed using a standardized tool or meas-
ure). We included RCTs enrolling adults with pre-frailty
if > 50% had frailty or results were presented independ-
ently for participants with frailty. We included studies of
any PR intervention delivered with the intent to enhance
or restore physical function, delivered by a healthcare
professional (e.g. exercise programs or modalities) [14],
with any comparator group. We excluded conference ab-
stracts, non-English publications, studies and study arms
with a multicomponent intervention with another inter-
vention other than PR (e.g. nutrition and PR), and stud-
ies of pre-surgical exercise (increased patient motivation
in this population [15] may contribute to decreased attri-
tion) [16].

Search strategy
We identified 7 relevant electronic databases in con-
sultation with a Health Research Librarian: OVID Med-
line Epub Ahead of Print, In-Process & Other Non-
Indexed Citations, Ovid MEDLINE(R) Daily and Ovid
MEDLINE(R), Ovid EMBASE, The Cumulative Index
to Nursing and Allied Health Literature (CINAHL),
Ageline, Web of Science, Allied and Complementary
Medicine Database (AMED) and the Cochrane Library.
We developed and pilot-tested unique search strategies
for each database (Supplementary Table S3). To lever-
age known systematic reviews of RCTs evaluating PR
efficacy, we used a two-stage search approach to iden-
tify relevant RCTs.

Stage 1: Identification of systematic reviews with potentially
relevant RCTs
We searched for systematic reviews of RCTs as a source
for potentially relevant RCTs. We searched for the con-
cepts “systematic review”, “adults with frailty” and “phys-
ical rehabilitation”. For the concept “systematic review”,
we used validated search terms developed for Ovid
MEDLINE, EMBASE and CINAHL [17]. For Ageline,
Web of Science and AMED, we developed search terms
using published search strategies for overviews of sys-
tematic reviews in these databases. Search terms were
not necessary for systematic reviews in Cochrane. We
developed unique terms for “adults with frailty” and
“physical rehabilitation”, using similar terms across data-
bases [12].
We searched all databases from inception to Decem-

ber 31, 2019. A study was deemed a “systematic review”
if the authors stated use of the systematic review meth-
odology, and reported key components of the search and
selection process (e.g. literature sources, search strategy,
inclusion/exclusion criteria, screening methods) [18].
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Stage 2: Identification of primary RCTs

a) From systematic reviews, we reviewed RCTs for
inclusion.

b) We then sought newer primary RCTs. We identified
the most recent search end-date from stage 2a (July
1, 2019) and searched all databases until April 15,
2020. We searched for the concepts “randomized
controlled trial”, “adults with frailty” and “physical re-
habilitation”. To identify RCTs, we used validated
search terms from Cochrane and The University of
Alberta for each database [18, 19].

c) We searched ClinicalTrials.gov and The
International Standard Randomised Controlled
Trial Number Registry for results of unpublished
studies.

Study selection, data extraction and quality assessment
We used Covidence (2020, Melbourne, Australia: Veritas
Health Innovation) for study selection, data extraction
and quality assessment. Two reviewers screened cita-
tions by title/abstract (HKO, CF) and full-text independ-
ently and in duplicate (HKO, CF/EM). Disagreements
were solved by consensus and we consulted a third re-
viewer (MEK) if necessary. We assessed reviewer agree-
ment at each stage using proportionate agreement and
Cohen’s kappa (κ) [20].
Data extraction and quality assessment were com-

pleted independently and in duplicate by two reviewers
(HKO, CF/AT). We assessed quality using the Cochrane
Risk of Bias (ROB) 2.0 tool for ROB in RCTs [21]. While
ROB 2.0 is outcome specific, each source of bias has the
potential to affect our estimates of retention. We
assessed ROB as high, some concern, or low, according
to the Cochrane Handbook [18]. We developed and
pilot-tested a data extraction and quality assessment
sheet. We completed calibration by each extracting data
and assessing quality for two studies (10%) and review-
ing as a team [22]. Our data points are summarized in
Supplementary Table S4. We extracted retention data
for the pre-specified primary outcome and timepoint of
each RCT included. If a study’s primary outcome or
timepoint were not specified, we used the outcome or
timepoint closest to intervention completion for our re-
tention rate calculation [23]. For our primary objective,
we defined retention as the proportion of participants
who provided primary outcome data out of all random-
ized participants, irrespective of intervention adherence
[11, 23, 24]. For our secondary objective, we calculated
the proportion of participants who completed the inter-
vention, out of all randomized.
For randomized cross-over trials, we extracted data

from intervention and comparator groups for the first
phase of the study. For cluster RCTs, since the unit of

randomization was a group of participants rather than
an individual participant, our unit of analysis was the
randomized group [18]. If cluster RCTs reported individ-
ual participants as the unit of analysis, we calculated ef-
fective sample sizes for the number of participants
enrolled and retained [18, 25].

Statistical analysis
Data were analysed using Stata (v. 15.0, College Station,
Texas: StataCorp LP) and Review Manager 5 (v. 5.3,
Copenhagen, Denmark: Nordic Cochrane Centre). We
summarized study and patient characteristics using de-
scriptive statistics. We narratively summarized study de-
sign, inclusion criteria, primary outcome(s) and
intervention and comparator group content.
We assessed statistical heterogeneity between studies

using visual inspection of forest plots, the chi-square test
(α = 0.10) and the I2 statistic, using cut-offs established
by the Cochrane collaborators (0–40%: might not be im-
portant, 30–50%: may represent moderate heterogeneity,
50–90%: may represent substantial heterogeneity, and
75–100%: considerable heterogeneity) [18]. In addition
to these cut-offs, we also considered the magnitude of
the I2 statistic (from 0 to 100%) and the p-value of the
chi-square test when assessing statistical heterogeneity
[18]. To supplement statistical assessment, we narra-
tively described clinical and methodological differences.

Meta-analyses
We used the Stata command “metaprop” to calculate
pooled retention rates [26]. We planned to use random-
effects models if there was clinical or methodological
heterogeneity and fixed-effects models in the absence of
heterogeneity [18]. We used the Freeman-Tukey double
arcsine transformation to improve the statistical proper-
ties of proportions and to ensure pooled estimates were
within 0–100% [26, 27].

Primary objective
To determine the retention rates from randomization
through primary outcome measurement, we calculated
the pooled retention rate and 95% CI across all studies
[27]. We conducted four sensitivity analyses (1): to
examine individual study effect by removing one study
from the model at a time [27] (2), to determine the in-
fluence of studies that enrolled adults with pre-frailty by
removing these from the meta-analysis [18] (3), to deter-
mine the influence of studies that did not report a pre-
specified outcome or timepoint and (4) excluding studies
with a high risk of bias.

Secondary objectives
To identify differences in retention rates between inter-
vention and comparator groups, we calculated the
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pooled retention rate by group. For RCTs with multiple
intervention arms, we included each arm independently.
To determine retention rates from randomization
through intervention completion, we calculated the
pooled retention rate across all studies. We used de-
scriptive statistics (counts, frequencies) to summarize
reasons for attrition (at any point during the RCT) and
reported strategies to maximize retention.
Post hoc, we categorized reasons for attrition as modifi-

able (those we hypothesized the research team could
change) and non-modifiable reasons (those we hypothe-
sized the research team has little to no control). One re-
viewer categorized reasons and consulted the review team
to ensure agreement. We used the Capability Opportunity
Motivation Behaviour system (COM-B) to categorize and
better understand modifiable reasons for attrition [28].
The COM-B system was developed to understand factors
that influence human behaviour; for an individual to en-
gage in a behaviour, they must have the capability, oppor-
tunity and motivation to do so [28]. Each of these three
components is interactional and influences the likelihood
of an individual engaging in a particular behaviour.
Categorization according to the COM-B system may help
us understand which of the three influencing factors to
target to facilitate behaviour change.

Results
Literature search
Results are summarized in Fig. 1. In stage 1, we screened
1626 titles and abstracts and 317 full-text articles and
identified 17 systematic reviews and 82 primary RCTs
within the systematic reviews for further consideration.
In stage 1, we had 91.0% reviewer agreement [κ = 0.56
(0.43, 0.69)] in title and abstracts and 90.0% agreement
[κ = 0.46 (0.15, 0.76)] in full-text. In stage 2, we screened
695 unique citations and identified 56 full-texts. Overall,
from stages 1 and 2, we reviewed 138 full-text RCTs and
included 21 (list of exclusions in Supplementary Table
S5). One RCT did not report retention data, thus was
only included in the descriptive synthesis of studies. In
stage 2, we had 91.0% reviewer agreement [κ = 0.46
(0.24, 0.67)] in title and abstracts and 87.0% agreement
[κ = 0.53 (0.23, 0.83)] in full-text.

Characteristics of included studies
The 21 included RCTs enrolled 1685 adults with frailty
and occurred in 11 countries (Supplementary Table S6,
S7). Most RCTs (n = 13, 61.9%) applied a parallel-group,
two-arm study design. Of 17 RCTs reporting number of
centres, most (n = 10, 58.8%) were single-centre. Binary
outcome data for the cluster RCT were reduced by the

Fig. 1 Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) Diagram. Legend: Flow diagram of included studies. We
utilized a two-stage search approach, first searching for published systematic reviews of RCTs (left hand side of the diagram), and second
searching for primary RCTs (right hand side of the diagram). For systematic reviews that met inclusion, we hand-searched each review to identify
the included RCTs. We combined these RCTs at the full-text review
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design effect (Supplementary Table S8). The median
(1st, 3rd quartiles) sample size of RCTs was 76 partici-
pants [(46, 90), range = 27–243]. Frailty was measured
using 28 assessment tools (13 unique, four studies used
more than one [29–33]), with the majority (n = 10,
35.7%) using the Fried Frailty Phenotype [2]. Two stud-
ies enrolled adults with frailty and pre-frailty [34, 35].
The median proportion of females enrolled was 59.8%

[(57.5, 69.8), range = 49–100] and the weighted median
participant age was 82.5 years (79.0, 82.2). We identified
24 intervention groups across 21 studies (three studies
with two intervention arms [34, 36, 37]). We identified
differences in intervention frequency, intensity, type, vol-
ume, duration and setting (Supplementary Table S6);
however, most studies implemented a multicomponent
PR intervention (n = 13, 54.2%).

Methodological quality
Of 20 studies reporting retention data, all had moderate
to high ROB (Fig. 2). High ROB was most frequently
present in the randomization process (e.g. notable base-
line differences between groups) (n = 10, 50.0%) and in
deviations from the intended interventions (e.g. partici-
pants not analysed as intention-to-treat) (n = 9, 45.0%).

Meta-analysis
Given the presence of clinical and methodological het-
erogeneity, we used random-effects models for all meta-
analyses.

Primary outcome
Of 20 studies reporting retention data, 19 reported re-
tention to outcome measurement. Five studies (26.3%)
did not specify a primary timepoint [30, 34, 38–40] and
three studies (15.8%) did not report a primary outcome
[36, 41, 42]. The pooled retention rate across 19 studies
was 85.0% [(80.0, 90.0), I2 = 83.9 (p < 0.05), chi-square =
116.60 (p < 0.05)] (Fig. 3). The pooled retention rate was
robust to the influence of individual studies, to studies
that enrolled adults with frailty and pre-frailty, and to
studies that did not report a primary outcome or time-
point (Supplementary Figure S1, Figure S2, Table S9).
Retention rates were lower when excluding studies with
a high risk of bias [76.0% (71.0, 81.0)]; however, only
two studies were included in this sensitivity analysis
(Supplementary Figure S3).

Secondary outcomes
Of 20 studies that reported retention to the primary out-
come, 19 reported retention by group, representing 21
intervention groups and 19 comparators. The pooled re-
tention rate for participants in intervention groups was
87.0% [(83.0, 91.0), I2 = 48.74 (p < 0.05), chi-square =
48.74 (p < 0.05)], which was not different than

Fig. 2 Risk of bias assessments by study. Legend: We assessed risk of
bias as high (red circles with “−” ), some concern (yellow circles with
“?”) or low (green circles with “+”) or according to the definitions
outlined in the Cochrane Handbook [18]. A study was considered to
have high overall risk of bias if they had one or more item with a high
risk of bias. A study was considered to have some concern overall if
they had one or more items with some concern, but no items with
high risk of bias. A study was considered to have low overall risk of
bias if all items had a low risk of bias

O’Grady et al. Trials          (2022) 23:235 Page 5 of 12



comparator groups [85.0% (79.0, 90.0), I2 = 60.59 (p <
0.05), chi-square = 60.59 (p < 0.05)].
Of 20 studies that reported retention data, 18 reported

retention to intervention completion, with a pooled rate
of 83.0% [(78.0, 87.0), I2 = 75.91 (p < 0.05), chi-square =
73.64 (p < 0.05)] (Fig. 4).
Of 20 studies that reported overall study retention,

19 reported reasons for overall attrition and 18 re-
ported the number of participants for each reason (n
= 347 participants) (Table 1). Studies reported 24
unique reasons for attrition. Fifteen reported non-
modifiable reasons for attrition [e.g. participant death
(n = 12 studies, 63.0%), declining participant health
(n = 7, 36.8%)] accounting for 48.7% of participants
lost to attrition (n = 169). Thirteen studies reported
potentially modifiable reasons for attrition [e.g. med-
ical reasons related to the study protocol (n = 2,
11%). family reasons (n = 2, 11%)]. At the participant

level, most individuals discontinued participation for
reasons related to motivation (n = 55 participants,
15.8%). Seventy-eight (22.5%) participants discontin-
ued participation for an unspecified reason, while 19
(5.5%) were lost to follow-up.
Four studies (20.0%) reported six strategies for maximizing

retention [39, 41, 43, 44]: telephone follow-up calls (n = 2,
33.3%) [39, 43]; group discussions (n = 1, 16.7%) [44]; per-
sonal interviews (n = 1, 16.7%) [44]; provision of transporta-
tion (n = 1, 16.7%) [43] and playing music (n = 1, 16.7%)
[41]. No studies reported evaluation of retention strategies.

Discussion
Summary of main results
To our knowledge, this is the first systematic review of
participant retention rates in trials of PR for adults with
frailty. Twenty of 21 RCTs reported details on participant
retention. We identified a pooled retention rate of 85.0%

Fig. 3 Retention rates from randomization through to primary outcome measurement. Legend: Retention rates and 95% confidence intervals for
studies reporting participant retention to primary outcome, as a proportion. Black squares represent point estimates, with accompanying black
horizontal lines representing 95% confidence intervals. The diamond and vertical dashed line represent the pooled retention rate. The width of
the diamond represents the pooled confidence interval. Heterogeneity Statistics: Tau2 = 0.06; chi-square = 116.60, df = 18 (p = 0.00). Test for
overall effect: Z = 34.24 (p = 0.00). Abbreviations: ES = effect size
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(80.0, 90.0) to primary outcome measurement, with no
differences by study group or in retention to intervention
completion. Half of the participants who discontinued
participation had a potentially modifiable reason which
could be addressed in study design or execution. Few
studies reported strategies for maximizing retention.
Our results suggest acceptable rates of retention (≥

85% [9]) according to the PEDro scale for rating RCT
quality [9]. Our estimate of retention is higher than the
suggested 80% retention cut-off for “high-quality” RCTs
of therapeutic interventions described by the Centre for
Evidence-Based Medicine [45]. Our pooled participant
retention rate is also higher than that anticipated by six
RCTs reporting an adjustment for attrition in their sam-
ple size calculations [34, 36–39, 42]. Of these six RCTs,
the majority (n = 5) anticipated a participant retention
rate ≤ 80%. Only one RCT reported their rationale for
anticipated retention [34]. This rationale was based on a

systematic review of exercise programs in older adults
where retention rates were between 65 and 75% [46].
However, the rationale for anticipated retention of ≤ 80%
in the remaining four studies was not clear. These esti-
mates could be influenced by researchers’ personal expe-
riences of lower retention rates in unpublished trials,
emphasizing the importance of trial registries and public
reporting of the results of all trials.

Risk of bias and heterogeneity
Our included studies had a high ROB and heterogeneity.
All studies had high or some concern for ROB, poten-
tially resulting in an overestimate of retention rates by
treatment group. Half had a high ROB in the
randomization process; failures in the conduct or report-
ing of randomization decreased our confidence that allo-
cation was random, increasing the likelihood of selection
bias [47]. If participants were not properly randomized,

Fig. 4 Retention rates from randomization through to intervention completion. Legend: Retention rates and 95% confidence intervals for studies
reporting participant retention to intervention completion, as a proportion. Black squares represent point estimates, with accompanying black
horizontal lines representing 95% confidence intervals. The diamond and vertical dashed line represent the pooled retention rate. Heterogeneity
Statistics: Tau2 = 0.04; chi-square = 73.64, df = 17 (p = 0.00); I2 = 76.91%. Test for overall effect: Z = 36.54 (p = 0.00). Abbreviations: ES = effect size
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we cannot be certain differences in participants’ baseline
characteristics did not influence retention by group. For
example, higher levels of education were associated with
decreased attrition in RCTs of weight loss interventions
for adults who are overweight or obese [48]. Almost half
of the RCTs in our review had a high ROB as a result of
deviations from the intended interventions in interven-
tion and control groups. If participants did not receive
the intended intervention, we cannot be certain of the
generalizability of retention rates to similar interventions
applied in research or practice.
We identified statistical heterogeneity in our primary

and secondary analyses, with an I2 value of ≥ 49% for all
analyses and a p-value < 0.05 for all chi-square tests.
Clinically, we documented differences in the frequency
(2×/week [36, 38, 40, 41, 43, 49]–5×/week [41, 42]), in-
tensity (e.g. 0 [32]–14 [38] rating of perceived exertion),
type (e.g. acupressure [50], strength training [36, 39]),
time (10 [44]–90 [32] min), duration (3 [51]–52 [32]
weeks) and setting (e.g. residential care/retirement
homes [36, 37, 44], primary care centre [38, 42]) of PR
interventions. Differences also occurred in the types of
comparator groups (e.g. usual care [31, 33, 36, 37, 42,

50–52], PR treatments with different parameters [29, 35,
38, 41, 53]). Despite heterogeneity, we identified narrow
CIs (< 11%) for each of our meta-analyses, increasing
precision and confidence in our results [18].

Relationship to previous PR literature
While we were unable to find any systematic reviews
that screened for frailty and documented retention, our
results are similar to other systematic reviews of reten-
tion in RCTs of PR in populations with chronic health
conditions (e.g. 82.8% for adults with major depressive
disorder [54], 93% for adults with cancer, cardiovascular
disease or diabetes [55]) and 90% in people with multi-
morbidity [56]. In contrast, systematic reviews of PR in-
terventions in adults with human immunodeficiency
viruses (n = 36 RCTs, 71%) [57] and schizophrenia (n =
19 RCTs, 73%) [58] documented lower retention rates.
Individuals with frailty may have one or more chronic
health conditions; however, the presence of chronic
health conditions does not ascertain frailty [59]. Frailty
is a multidimensional construct encompassing more
than chronic health conditions (e.g. performance of ac-
tivities of daily living, cognitive performance) [60]. While

Table 1 Reported reasons for attrition

Reported reason Studies, n (%)
(N = 19)a

Participants, n (%) (N = 329)b References

Potentially modifiable reasons

Capability
Pain during exercise
Too tired
Medical reasons (related to protocol)

4 (21.1)
1 (5.3)
1 (5.3)
2 (10.5)

6 (1.7)
2 (0.6)
1 (0.3)
3 (0.9)

32,40,43,44

Opportunity
Family reasons (e.g. family member illness)
Too busy
Participation requires too much time
Job commitments
Schedule conflictb

Engaged in other activities
Enrolled in another study
Noncompliance with study protocol

5 (26.3)
2 (10.5)
1 (5.3)
1 (5.3)
1 (5.3)
1 (5.3)
1 (5.3)
1 (5.3)
1 (5.3)

20 (5.8)
2 (0.6)
1 (0.3)
2 (0.6)
1 (0.3)
–
11 (0.9)
1 (0.3)
2 (0.6)

29,31,32,38,42

Motivation
Lacked interest
Low motivation
Too much trouble
Wanted to lose weightc

Physiotherapist perceives rehabilitation needs not met by program

5 (26.3)
2 (10.5)
1 (5.3)
1 (5.3)
1 (5.3)
1 (5.3)

55 (15.9)
9 (2.6)
9 (2.6)
32 (9.2)
1 (0.3)
4 (1.2)

32,33,35,38,43

Discontinued for unspecified reason 7 (36.8) 78 (22.5) 30,31,33,34,39,40,42

Lost to follow-up 3 (15.8) 19 (5.5) 33,38,48

Potentially non-modifiable reasons

Death
Declining health (unrelated to protocol)
Hospitalization
Surgical intervention preventing participation
Participant moved residence
Personal reasons (unrelated to protocol)

12 (63.2)
7 (36.8)
3 (15.8)
1 (5.3)
3 (15.8)
2 (10.5)

59 (17.0)
70 (20.2)
20 (5.8)
2 (0.6)
14 (4.0)
4 (1.2)

29–31,33,34,36–41,43,44,50,51

a One study did not report reasons for attrition
b One study did not report reasons for attrition by participant (Langlois 2013)
c Another intervention arm in this study was “weight loss” where participants received a diet intervention
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the concepts of frailty and multimorbidity have been
used interchangeably, it is essential that we recognize
and study these as distinct clinical syndromes [59].

Assessment of frailty
We excluded 117 of 138 full-text articles (85%). Half of
studies (n = 58) were excluded because they either (1)
did not identify frailty as an inclusion criterion or (2) did
not use a standardized tool or measure to assess frailty.
Explicit inclusion/exclusion criteria are necessary to re-
duce sampling bias and to ensure recruited participants
are representative of the population(s) being studied
[61]. Screening measures have been validated to rapidly
identify frailty (e.g. Gérontopôle Frailty Screening Tool
[62], Cardiovascular Health Study Frailty Screening Scale
[2, 63], Clinical Frailty Scale [64], Fried Frailty Pheno-
type [2]) and can be readily implemented into screening
for RCT enrollment, ensuring the representativeness of
participants and transferability of results.

Primary outcome reporting
More than one third of RCTs did not specify a primary
outcome or timepoint. A priori selection of primary out-
comes and timepoints are critical to informing sample
size calculations and reducing ROB in the reporting of
trial results [65]. Identifying primary outcomes may also
enable researchers to prioritize and focus their retention
efforts. Practically, non-reporting of primary outcomes
and timepoints forces researchers and clinicians to make
assumptions when interpreting study results. In the
current review, we included the outcomes and time-
points closest to intervention completion which may
have led to imprecision.

Limitations and strengths
Our review has important limitations. First, we did not
conduct subgroup analyses to identify potential predic-
tors of attrition. Exploring predictors (e.g. intervention
type, setting) may identified specific characteristics of PR
that are conducive to higher retention. Second, due to
time and resource constraints, we only included studies
in English, introducing language bias [18]. Third, we did
not search for grey literature, which could enhance the
breadth of a systematic review search strategy and re-
duce the risk of publication bias [18]. However, typically
grey literature sources, such as conference abstracts,
have strict word counts and it is unlikely that these
sources would report the detailed data necessary to sup-
port our analyses [66]. To maximize the breadth and ef-
ficiency of our search, we conducted a 2-stage search
strategy, which leveraged existing systematic reviews in
addition to a primary search.
Our review also has important strengths. First, our re-

view adds to previous systematic reviews of study

retention in PR trials [54, 57, 58, 67], and can be used to
inform the design of future reviews of retention rates in
different contexts. Second, we used rigorous methods,
including prospective protocol registration, a peer-
reviewed (Health Research Librarian) search strategy and
duplicate screening, data extraction and ROB assess-
ments. These methods facilitate decreased bias and in-
creased reliability in the systematic review process [18].

Implications for future research
Despite acceptable rates of retention (≥ 85% [9]), more
than half of reported reasons for attrition were poten-
tially modifiable, suggesting opportunities for improve-
ment in study design and conduct. The Behaviour
Change Wheel can be used to identify behaviour change
interventions according to domains of the COM-B sys-
tem [28]. For example, reasons for attrition related to
participant motivation were most common reason in our
review. Motivation can be achieved through interven-
tions such as education, persuasion or incentivization
[28]. Future research could identify, tailor and imple-
ment strategies for maximizing participant retention
using the guiding constructs of the COM-B System and
the Behaviour Change Wheel. However, to facilitate this,
clear and detailed reporting of reasons for attrition is ne-
cessary. In our review, we reported reasons for attrition
as closely as possible to the primary data developing an
important foundational understanding of reasons for
participant attrition. However, some reasons (e.g. too
much trouble) could have many explanations (e.g. too
much trouble to commute to study site or to participate
in protocol) and more detail in reporting future research
could further enhance our understanding of participant
attrition in this context.
We encourage research teams to report retention rates

and strategies used to maximize retention. These details
of an RCT are not addressed by reporting guidelines
such as CONSORT [68], highlighting an important gap
in clinical trial reporting. Thorough and transparent
reporting of trial processes and retention strategies may
allow future researchers to address unanswered ques-
tions related to participant retention such as those iden-
tified in the Prioritising Retention in Randomized Trials
(PRioRiTy II) study [69].

Conclusions
Our results suggest that high retention of adults with
frailty in PR interventions is feasible, complementing
previous research suggesting the effectiveness of PR. Fu-
ture trials of PR for adults with frailty could benefit from
detailed reporting of rigorous methods to decrease ROB
throughout the trial process. Our results can be used to
inform sample size calculations in future RCTs of PR in-
terventions for adults with frailty; however, given the
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high ROB of included studies, our estimates of retention
should be used conservatively. Accurate estimates of re-
tention may help researchers avoid under- or over-
recruitment. Optimization of recruitment and retention
will contribute to increased trial efficiency and decreased
research waste.
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