Lim et al. BMC Geriatrics (2024) 24:589 BMC Geri atrics
https://doi.org/10.1186/512877-024-05150-7

: L ®
Community-based exercises improve health =

status in pre-frail older adults: A systematic
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Abstract

Background Pre-frailty is associated with increased healthcare utilization. Over the past decade, public health inter-
ventions such as community-based exercises to target pre-frailty have been increasingly studied. However, the effects
of community-based exercises on clinical outcome measures amongst community-dwelling older adults with pre-
frailty remain unclear. This review aims to better understand the effects of community-based exercise on physical
function, cognition, quality of life and frailty status in community-dwelling pre-frail older adults. A secondary objective
was to investigate the optimal exercise parameters on clinical outcomes.

Methods Searches of MEDLINE, CINAHL, Google Scholar and Web of Science databases were conducted. Articles
were included if they were randomized controlled trials (RCTs), and excluded if the participants consist of less than
50% pre-frail community-dwelling older adults. Meta-analyses (where possible) with either a fixed- or random-
effect(s) model, standardized mean difference (SMD), odds ratio (OR) and tests of heterogeneity were performed.
Multivariable meta-regression was performed to identify predictors of statistically significant outcome measures. The
risk of bias was assessed using the modified Cochrane Risk-of-Bias tool.

Results Twenty-two RCTs with 900 participants in the experimental group and 1015 participants in the control
group were included. When compared to minimal intervention, community-based exercises significantly improved
lower limb strength (10 RCTs, 384 participants in the experimental group and 482 participants in the control group)
with SMD 0.67 (95% Cl 0.29 to 1.04), and lower limb function (5 RCTs, 120 participants in the experimental group

and 219 participants in the control group) with SMD 0.27 (95% Cl 0.03 to 0.51). Those who have received community-
based exercises were more likely to reverse from pre-frailty to healthy state (OR = 2.74,95% Cl 1.36 to 5.51) (6 RCTs,
263 participants in the experimental group and 281 participants in the control group). The frequency of exercise ses-
sions was a significant predictor of the effect size for gait speed (P<0.05).

Conclusions Community-based exercise intervention is superior to minimal intervention for improving health status
in pre-frail older adults. This has implications on the implementation of community-based exercise intervention
by healthcare providers and policymakers.
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Introduction

Pre-frailty is prevalent amongst older adults [1], and
it reportedly poses a socioeconomic burden such as
healthcare costs on the society [2, 3]. It is an early and
reversible risk-state of health before frailty which can
lead to negative healthcare outcomes such as falls, cog-
nitive decline, hospitalization or even death [4—6]. Thus
far, the interventions for addressing pre-fraily included
physical activity, nutrition, and physical activity com-
bined with nutrition [7].

With the ongoing rise in life expectancy worldwide
[8], there is increasing public health focus, at least in
Singapore, on healthy aging through physical activ-
ity such as community-based exercises to maintain
independence among older adults [9]. In recent years,
community-based exercises amongst older adults
with pre-frailty have been increasingly studied [9-11].
Community-based exercises also provide an oppor-
tunity to stimulate social engagement amongst older
adults [12]. The availability of community-based exer-
cises has brought about convenience to the older adults
due to increased accessibility [12]. To date, the average
adherence rates of community-based exercise for older
adults has been estimated to be approximately 70% by
a previous study [13]. However, the evidence on the
effectiveness of community-based exercises on clinical
measures in pre-frailty appears mixed or unclear. For
example, significant changes in grip strength have been
reported in two trials [14, 15], but not in two other
trials[16, 17]. Secondly, there are systematic reviews
which investigated the effects of exercise intervention
on physical measures in pre-frailty. Two of them were
descriptive in nature [7, 18], whilst another review did
not manage to investigate physical outcome measures
such as strength, balance and walking speed [19].

Therefore, we aimed to review randomized controlled
trials comparing the effects of community-based exer-
cise (intervention) with minimal intervention on physi-
cal function, cognition and quality of life (outcome) in
community-dwelling pre-frail older adults (participants).
A secondary objective was to investigate the influence of
parameters such as frequency of sessions per week, and
total number of sessions on the effect size of statistically
significant outcome measures.

Methods

The protocol of this study was published at PROSPERO
(http://www.crd.york.ac.uk/PROSPERO/; registration num-
ber CRD42022348556). This review was also completed in
accordance to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [20].
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Search strategy

We searched MEDLINE (1966-present), CINAHL
(1966-present), Google Scholar and Web of Science, for
literature on the effects of community-based exercise on
physical function, cognition, frailty status and quality of
life in community-dwelling older adults with pre-frailty
(Supplementary Fig. 1). The last search was run on Sep
16, 2023. The following search terms were used to search
the databases: group exercise; physical activity; commu-
nity*; pre-frail*; randomized controlled trial. These steps
were then repeated for the other databases. The review-
ers followed a selection process, defined prior to the
beginning of the review, which included a checklist for
inclusion criteria. Articles were eligible for inclusion if
they were randomized controlled human trials, included
community-dwelling pre-frail older adults aged 60 years
and above, assigned the experimental group to receive
treatment which includes at least exercise, assigned the
comparison group to receive other forms of interven-
tion other than exercise, and lastly, used outcome meas-
ures that included physical function, cognition, quality
of life and/or frailty status. We also included trials with
at least 50% or more older adults with pre-frailty. Par-
ticipants were considered pre-frail if pre-frailty has been
mentioned explicitly by the authors and/or determined
via the use of screening tools such as Fried’s frailty cri-
teria [21], FRAIL questionnaire [22], and Cardiovascular
Health Study criteria [23]. Pre-frailty is herein defined
as having met 1 or 2 criteria with reference to an estab-
lished set of indicators in the aforementioned screen-
ing tools such as unintended weight loss, self-reported
exhaustion, poor handgrip strength, slow walking speed,
and low physical activity [24]. Articles were excluded if
the participants consist of less than 50% pre-frail com-
munity-dwelling older adults,did not include outcome
measures such as physical function, cognition, frailty
status and quality of life as outcome measures, and/or the
participants were hospitalised or institutionalized. Eligi-
bility assessment for included studies was determined by
2 reviewers (H.J.L. and E.C.W.L). Disagreements between
reviewers were resolved by consensus with another 2
independent reviewers (W.T.P. and N.D.J.).

Data extraction and quality of trials assessment

The methodological quality of the trials was assessed
using the 11-item PEDro scale [25]. We assessed the
methodological quality of the studies by evaluating the
domains of population, treatment allocation, blinding,
prognostic comparability, and analysis. Using a standard-
ized extraction form, information on the characteristics
of trial participants (age and gender), details of inter-
vention (type of exercise, number of sessions per week,
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duration of session in minutes, and time span of exercise
program in weeks), and outcome measures (pre- and
post-intervention) were extracted from each included
trial. The assessment methodological quality and extrac-
tion of data were performed and verified between 2
reviewers (H.J.L. and E.C.W.L). Differences between
reviewers were resolved by agreement with another 2
independent reviewers (W.T.P. and N.D.].).

The outcome measures included herein in our review
were hand grip strength [22, 26], functional lower limb
strength measures such as timed 5-times sit-to-stand
[27], 30 s chair rise test [28], and Short Physical Perfor-
mance Battery (SPPB) chair rise score [29], functional
balance measures such as timed one-legged stance [30]
and SPPB balance score [29], gait speed such as 4- to
6-m walk test [31-33] and SPPB gait score [29], Timed
Up And Go test [34], SPPB overall score [29], functional
exercise capacity such as 2-min walk test [35] and 6-min
walk test [36], cognitive measures such as Mini-Mental
State Examination [37], Montreal Cognitive Assessment
[38], Frontal Assessment Battery [39], and Repeatable
Battery for the Assessment of Neuropsychological Sta-
tus [40], quality of life such as EuroQoL-5D [41], 36-Item
Short Form Health Survey [42], Quality of life visual ana-
logue scale [43] and Life Satisfaction score [44], and the
number of participants with reversal of pre-frailty status.

The risk of bias was assessed with the use of revised
Cochrane risk-of-bias tool [45]. It evaluates risk of bias
in 5 distinct domains, that is, the randomization pro-
cess, deviations from intended interventions, missing
outcome data, measurement of the outcome, and selec-
tion of the reported result [45]. If the outcome measures
were reported for more than one side and/or multiple
time points, then the pre- and post-intervention outcome
measures which gave the worst mean difference (MD)
were extracted [46]. The outcome scores were approxi-
mated with the use of available median value, range,
interquartile range, and standard error, whenever they
were not presented in mean and/or standard deviation
[47-49].

Quantitative data synthesis and analysis

Reliability analyses of inter-rater agreement were per-
formed with IBM SPSS Statistics for Windows, Version
21.0 (IBM Corp, Armonk, NY). Inter-rater reliability
was reported for the total quality score with Kappa sta-
tistics,[50] and was interpreted as poor (<0.00), slight
(0.00-0.20), fair (0.21-0.40), moderate (0.41-0.60),
substantial (0.61-0.80), or almost perfect (0.81-1.0).
Where appropriate and possible, the results were
pooled with formal meta-analytical techniques using
RevMan 5.4.1 (The Nordic Cochrane Centre, The

Page 3 of 31

Cochrane Collaboration, Copenhagen, Denmark).
To account for differing outcome scales used among
studies, we calculated standardized mean differences
(SMDs) for the outcome scores, their 95% confidence
intervals (ClIs), and performed tests of heterogeneity
(x?). The I? statistic was used to measure the extent of
between-trial heterogeneity. Fixed-effect or random-
effects models were used as appropriate and were based
on our interpretation of commonality of effect size[51].
For example, data were pooled using a random-effects
model, if trials differed in ways that might have plausi-
bly impacted on the pooled outcome [51].

For continuous data, the differences in pre- and
post-intervention pain score were calculated such that
positive values indicated that the results favored com-
munity-based exercises, whilst negative values indi-
cated that the results favored minimal intervention. We
used odds ratios and 95% Cls to calculate the interven-
tion effects for dichotomous data such as frailty status,
and the number needed to treat [52]. Post-hoc sensitiv-
ity analyses were performed in the presence of apparent
outliers.

Multivariable regression analyses were repeated to
investigate if the commonly reported temporal param-
eters, that is, frequency, time span and duration predict
the effect size for outcome measures which yielded sta-
tistically significant pooled result, and have at least 10
available trials [53]. The assumptions of this regression
model were verified by examining the normal predicted
probability plot, scatterplot of predicted values versus
residuals, and variance inflation factor. For all analy-
ses, significance was set at P<0.05. To evaluate the risk
of publication bias (due to non-publication of small tri-
als with negative results), we plotted SMD versus SE and
visually assessed the symmetry of this ‘funnel’ plot.

Quality of evidence assessment

The Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) system was used to
determine the overall quality of evidence for variables
used in meta-analyses. GRADE considers five criteria
(risk of bias, publication bias, imprecision, inconsistency
and indirectness) to rate the quality of evidence as high,
moderate, low or very low. In the GRADE approach,
randomized controlled trials start as high-quality evi-
dence and observational studies as low-quality evidence
supporting estimates of intervention effects. The quality
of evidence was rated up or down by two independent
reviewers (H.L and E.C.W.L) for certain factors and the
lowest quality of evidence among the criteria is consid-
ered the overall quality of evidence.



Lim et al. BMC Geriatrics (2024) 24:589

Results

Study selection

A total of 293 articles emerged from the inceptive elec-
tronic database search; of these, 34 were assessed for
eligibility, and 22 eligible papers were included in this
review. Fig. 1 displays the flow of papers through review.
The basis for exclusion of articles after retrieval and
assessment of eligibility included non-relevance to pre-
frailty [54], non-relevance to community-dwelling older
adults [55-59], lack of outcome measures of interest [23,
60—66], failure to meet desired representation of partici-
pants [67], lack of reporting on the proportion of pre-frail
community-dwelling adults [68], lack of reporting on the
pre- and/or post-intervention data [69], lack of suitable
comparator [70-72], and non-randomized controlled tri-
als [9, 16].

Methodological quality

There was substantial concurrence between the 2 review-
ers (k=0.802, P<0.001). Individual item agreement per-
centages ranged from 72.7% to 100%. The methodological
quality assessment using the PEDro scale yielded a mean
score of 6.45 (range=3-9) out of a possible 10 points
(Table 1). Criteria commonly not met were concealment
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of allocation, blinding of treating therapists or patients,
and intention-to-treat analysis.

Study characteristics

Twenty-two randomized controlled trials (900 partici-
pants in the experimental group and 1015 participants in
the control group), which had data for physical measures,
cognition, frailty status and/or quality of life were avail-
able for pooling (Fig. 2). The criteria used for determining
pre-frailty across the trials included Fried’s frailty criteria
[10, 11, 14, 17, 21, 43, 76-80, 84], FRAIL questionnaire
[22, 44, 74, 83], Cardiovascular Health Study criteria [23,
81], Frailty phenotype [26], Kaigo-Yobo Checklist [82],
Chinese Canadian Study of Health and Aging Clinical
Frailty Scale Telephone Version [73], and was not men-
tioned in one of the trials [75]. Ten trials evaluated the
effects of multi-component exercise [10, 17, 21, 22, 26,
44, 73, 75, 80, 84], 4 trials on multi-component exercise
with nutrition [43, 77, 78, 83], 2 trials on multi-compo-
nent exercise with nutrition and cognitive [81, 85], 2 tri-
als on TaiChi [11, 76], 1 trial on strengthening exercises
with nutrition [82], 1 trial on strengthening exercises
[79], 1 trial on elastic band [14], and 1 trial on stepping
exercises [74]. Six trials were found to have high risk
of bias [22, 26, 43, 74, 77, 85], whilst there was some
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Fig. 2 A Forest plot (standardised mean difference and 95% Cl), and (B) (odds ratio and 95% Cl) of outcome measures in randomized controlled
trials. Pooled estimates of subgroup outcome measures are indicated by empty symbols
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Fig. 3 Funnel plot of standardised mean difference (SMD) against standard error of SMD in outcome measures

concerns in 15 trials [11, 14, 17, 21, 44, 73, 75, 76, 78-84],
and low risk of bias in 1 trial [10]. Evidence of symmetry
was visually confirmed in the funnel plot (Fig. 3). A sym-
metrical distribution in the studies about the combined
effect size was observed in Fig. 3.

Grip strength

Ten trials (378 participants in the experimental group
and 482 participants in the control group) had data for
grip strength [14, 17, 21, 22, 26, 43, 44, 78, 80, 82]. Data
were pooled using a random-effects model; there was a
non-significant pooled standardized mean difference
in grip strength (0.22, 95% CI -0.07 to 0.50, P>0.05)
between exercise and minimal intervention, with a high
level of heterogeneity (I°=74%, 1>=0.15, x*=34.44,
df=9, P=0.0001) (Fig. 2).

Lower limb strength

Ten trials (384 participants in the experimental group
and 482 participants in the control group) had data for
lower limb strength [10, 11, 17, 22, 26, 44, 76, 77, 80, 84].
Data were pooled using a random-effects model; there
was a significant pooled standardized mean difference in
lower limb strength (0.67, 95% CI 0.29 to 1.04, P<0.0001)
between exercise and minimal intervention, with a high
level of heterogeneity (P =84%, 12=0.29, X2= 55.3, df=9,

P<0.00001) (Fig. 2). Whilst there were no apparent outli-
ers, we performed post-hoc sensitivity analysis by remov-
ing 3 RCTS with high risk of bias [22, 26, 77]. The pooled
effect size for lower limb strength (7RCTs, 265 partici-
pants in the experimental group and 264 participants
in the control group) remained significant (0.79, 95% CI
0.29 to 1.29, P=0.002), with a high level of heterogeneity
(P =86%, T*=0.38, x*=42.07, df=6, P<0.00001).

Balance

Six trials (233 participants in the experimental group
and 248 participants in the control group) had data for
balance [17, 73, 78, 80, 82, 84]. Data were pooled using
a random-effects model; there was a non-significant
pooled standardized mean difference in balance (0.04,
95% CI -0.14 to 0.22, P=0.69) between exercise and
minimal intervention, with a low level of heterogeneity
(P=0%, 1*=0.0, x*=2.36, df=5, P=0.80) (Fig. 2).

Gait speed

Thirteen trials (484 participants in the experimental
group and 581 participants in the control group) had
data for gait speed [14, 17, 22, 26, 43, 44, 76, 78—82, 84].
Data were pooled using a random-effects model; there
was a significant pooled standardized mean difference in
gait speed (0.37, 95% CI 0.09 to 0.64, P=0.009) between
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exercise and minimal intervention, with a high level
of heterogeneity (P=77%, 12=0.19, x*=52.61, df=12,
P<0.001) (Fig. 2). Similarly, in the absence of apparent
outliers, we proceeded with post-hoc sensitivity analysis
by removing 3 RCTS with high risk of bias [22, 26, 43].
The pooled effect size for gait speed (10 RCTs, 389 partic-
ipants in the experimental group and 379 participants in
the control group) was not statistically significant (0.25,
95% CI -0.06 to 0.55, P=0.11), with a high level of hetero-
geneity (P=76%, 1>=0.18, x*=37.5, df=9, P<0.001).

Timed up and go (TUG)

Seven trials (343 participants in the experimental group
and 344 participants in the control group) had data
for TUG [11, 17, 43, 77, 79, 80, 82]. Data were pooled
using a random-effects model; there was a significant
pooled standardized mean difference in TUG (0.39,
95% CI 0.04 to 0.75, P<0.0001) between exercise and
minimal intervention. Due to the high level of hetero-
geneity (P=80%, 1°=0.18, x>*=30.18, df=6, P<0.0001)
(Fig. 2), we performed post-hoc sensitivity analyses by
removing an outlier [11]. However, the pooled standard-
ized mean difference (6 RCTs, 313 participants in the
experimental group and 314 participants in the control
group) remained significant (0.21, 95% CI 0.06 to 0.37,
P=0.008) with a low level of heterogeneity (I”=0%,
12=0.0, x*=3.38, df=5, P=0.64). But when we repeated
the analysis by removing 2 RCTS with high risk of bias
[43, 77], the pooled effect size for TUG (5 RCTs, 197
participants in the experimental group and 184 partici-
pants in the control group) was not statistically signifi-
cant (0.52, 95% CI -0.04 to 1.07, P=0.07), with a high
level of heterogeneity (FP=84%, 1°=0.33, x*>=25.64,
df=4, P<0.0001).

Short physical performance battery (SPPB)

Five trials (120 participants in the experimental group
and 219 participants in the control group) had data for
SPPB [11, 17, 21, 22, 84]. Data were pooled using a ran-
dom-effects model; there was a significant pooled stand-
ardized mean difference in SPPB (0.27, 95% CI 0.03 to
0.51, P=0.03) between exercise and minimal interven-
tion, with a low level of heterogeneity (I>=0%, 1>=0.0,
’=1.8, df=4, P=0.77) (Fig. 2). Similarly, we performed
post-hoc sensitivity analysis albeit there were no appar-
ent outliers. We removed 1 RCT with high risk of bias
[22], but the significance in pooled effect size for SPPB
(4 RCTs, 94 participants in the experimental group and
97 participants in the control group) persisted (0.33, 95%
CI0.04 to 0.62, P=0.02) with a low level of heterogeneity
(P=0%, 1*=0.0, x>=1.23, df=3, P=0.75).
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Functional capacity

Three trials (159 participants in the experimental group
and 159 participants in the control group) had data for
functional capacity [10, 74, 80]. Data were pooled using
a random-effects model; there was a non-significant
pooled standardized mean difference in functional capac-
ity (0.52, 95% CI -0.02 to 1.06, P=0.06) between exercise
and minimal intervention, with a high level of hetero-
geneity (F=80%, t2=0.18, x*=10.11, df=2, P=0.006)
(Fig. 2).

Cognition

Five trials (225 participants in the experimental group
and 325 participants in the control group) had data for
cognition [11, 22, 44, 73, 85]. Data were pooled using
a random-effects model; there was a non-significant
pooled standardized mean difference in cognition (0.22,
95% CI -0.07 to 0.51, P=0.14) between exercise and min-
imal intervention, with a moderate level of heterogeneity
(P=61%, T*=0.07, x*=10.18, df=4, P=0.04) (Fig. 2).

Quality of life

Eight trials (390 participants in the experimental group
and 406 participants in the control group) had data for
quality of life [21, 43, 44, 73, 75, 77, 78, 82]. Data were
pooled using a random-effects model; there was a non-
significant pooled standardized mean difference in qual-
ity of life (0.15, 95% CI -0.28 to 0.58, P=0.50) between
exercise and minimal intervention, with a high level
of heterogeneity (I’=88%, 1>=0.33, x*=60.67, df=7,
P<0.00001) (Fig. 2).

Reversal of frailty status

Eight trials (351 participants in the experimental group
and 363 participants in the control group) had data for
the proportion of frailty status [10, 11, 21, 26, 43, 44, 77,
83]. Data were pooled using a random-effects model;
pre-frail older adults who received community-based
exercises were more likely to reverse from pre-frailty to
robust state (OR=8.11, 95% CI 2.12 to 30.92, P=0.002),
when compared to those who received minimal inter-
vention. Due to the high level of heterogeneity (I*=81%,
=291, x*=36.88, df=7, P<0.00001), we performed
post-hoc sensitivity analysis, that is, we removed two
outliers [10, 44]. However, the pooled odds ratio (6
RCTs, 263 participants in the experimental group and
281 participants in the control group) remained signifi-
cant (OR=2.74, 95% CI 1.36 to 5.51, P=0.005) with a
low level of heterogeneity (F?=23%, 12=0.18, x*=6.48,
df=5, P=0.26). Thereafter, we repeated the analysis by
removing 3 RCTS with high risk of bias [26, 43, 77], the
pooled odds ratio of pre-frailty reversal (5 RCTs, 197
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Table 2 Predictors of the effect size for gait speed in pre-frail older adults
Dependent variables Independent variables Unstandardized 95% Cl for Standardized t-Value Significance
coefficients coefficients
B SE Lower Upper Beta
Standardized mean difference in gait speed  Frequency (times/week)  0.60 0224 0084 1.115 0674 2.683 0.028
Time span (weeks) 0.039 0.036 -0.044 0122 0274 1.094 0.306
Duration (mins) -0.013 0.008 -0.031 0006  -0.369 -1577 0154
Constant -0.64 0.988 -2919 1.639 -0648 0535

B regression coefficient, SE standard error of, B Beta, Beta coefficient, t t-statistics, 95% Cl 95% confidence interval for regression coefficient

participants in the experimental group and 195 partici-
pants in the control group) remained persistently signifi-
cant (OR=14.01, 95% CI 1.89 to 103.58, P=0.01), with a
high level of heterogeneity (F=84%, 1*=4.32, x*>=24.88,
df=4, P<0.0001).

Parameters of community-based exercise as predictors

of the effect size measures

The most commonly used parameters were 60-min dura-
tion [11, 17, 22, 43, 44, 73-76, 78, 79, 83], 3 sessions
per week [10, 14, 26, 73-77, 79, 80] over a time span of
12 weeks [10, 17, 21, 26, 44, 73-75, 78, 80-82, 84, 85].
Our multivariable meta-regression analyses identified
frequency (Beta=0.6, 95% CI 0.084 to 1.115, P=0.028) as
an independent predictor of the effect size for gait speed
amongst older adults with pre-frailty (Table 2). In other
words, increased frequency per week was associated with
greater effect size for gait speed. The model correctly
predicted 56.6% of the variability in the effect size for
gait speed. The normality in the distribution of residuals
and homoscedasticity in the scatterplot were visualised.
Based on the variance inflation factor value, there was no
evidence of multicollinearity.

GRADE

The strength of evidence is illustrated in Table 3 accord-
ing to the GRADE criteria with an overall certainty of
evidence ranging from very low to moderate.

Discussion

This systematic review has synthesized the evidence
for the role of community-based exercises in improv-
ing lower limb strength and function (SMD=0.27-0.67,
P<0.05) when compared to minimal intervention in pre-
frail older adults (Supplementary Fig. 2Ai). In addition,
community-based exercises is superior to minimal inter-
vention in reversing pre-frailty to healthy state amongst
them. The frequency, that is, the number of community-
based exercise sessions per week, may be a predictor
of the effect size of gait speed in pre-frail older adults.
These findings have implications on the implementation

of public health intervention such as community-based
exercises targeted at pre-frailty.

We did not find a significant pooled SMD in grip
strength between pre-frail older adults who have received
community-based exercises and those who have received
minimal intervention. In comparison with a recent review
by Liu and co-workers (2022) [86], they have reported
significant pooled MD in grip strength, that is, pooled
MD of 1.36 from 4 studies which investigated exer-
cise only, and pooled MD of 2.71 from 2 studies which
investigated the effects of exercise with nutrition (Fig. 2
therein, p1431.e5) [86]. We propose that the inconsist-
ency in findings between reviews may be explained by a
few methodologically plausible reasons, that is, the dif-
ferent types of dynamometer that have been used across
the studies in our review [21, 26, 44], and the different
methods of assessing grip strength with variation of the
protocol or body position [87, 88]. Perhaps a greater con-
sistency in methodology in future studies may yield fur-
ther insight on this. Having said this, we have calculated
the SMD value which would have accounted for the vari-
ation in spread of data due to the different testing meth-
ods and exercise protocols.

Our review has revealed significantly moderate effect
size in lower limb strength when comparing pre-frail
older adults who received pre-frailty intervention com-
pared to minimal intervention (SMD=0.67). During
our post-hoc subgroup analyses of trials which used
timed 5-times sit-to-stand test (n=4) [22, 26, 44, 77],
the significance in pooled lower limb strength remained
(SMD =0.58, p=0.04). This corresponds to a reduction
by 2.25 secs (Supplementary Fig. 4Aii), which concurs
with the minimal clinically important difference, that
is 0.5 to 1.7 secs, as reported by a previous study [89].
When we analysed trials which used 30 s chair rise stand
test (n=3) [10, 11, 76], the significance in pooled lower
limb strength persisted as well (SMD=1.35, p=0.001),
and this is borne out to be approximately 4 repetitions.
On the contrary, Liu and co-workers (2022) reported a
lack of significance in pooled mean difference [86]. This
discordance may plausibly be due to the trials included
during analysis. For example, we included trials which



Lim et al. BMIC Geriatrics (2024) 24:589 Page 25 of 31
Table 3 Quality of the evidence (GRADE) for SMD in significant outcome measures
Quality assessment Summary of findings
No of studies Risk of bias Publication  Imprecision Inconsistency Indirectness No of Pooled SMD  Quality of
(Design) bias participants (95% Cl) evidence
(Intervention/
Control)
Lower limb strength
10 RCTs Detected - Not detected  No High / value, No 384/482 0.67 [SICe)
failure to con- serious  imprecision but similarity serious indirectness (0.29,1.04) Moderate
ceal allocation in point estimates
and failure after post-hoc
to blind sensitivity analysis
Gait speed
12 RCTs Detected — Not detected ~ Confidence interval Inconsistent No 451/548 0.27 Slelele)
failure to con- crosses decision results due serious  indirectness (0.03,0.52) Very Low
ceal allocation threshold to high /% value
and failure
to blind
Timed-up-and-go
7 RCTs Detected — Not detected ~ Confidence interval Inconsistent No 343/344 0.39 ®000
failure to con- crosses decision results due to lack serious indirectness (0.04,0.75) Very Low
ceal allocation threshold of overlapping
and failure of confidence
to blind intervals,
and high /* value
Short Physical Performance Battery
5RCTs Detected — Not detected ~ Confidence interval No serious incon-  No 120/219 0.27 000
failure to con- crosses decision sistency serious  indirectness (0.03,0.51) Low
ceal allocation threshold
and failure
to blind
Pre-frailty reversal ratio
8 RCTs Detected - Not detected  No Inconsistent No 351/363 8.11 ©e00
failure to con- serious  imprecision results due serious indirectness (2.12,30.92) Low

ceal allocation
and failure
to blind

to high /% value

recruited mostly community-dwelling older adults with
pre-frailty [10, 11, 76], whereas Liu and co-workers
(2022) [86] included trials which recruited hospitalized
pre-frail older adults [56], pre-frail older adults from resi-
dential living centres [90], pre-frail elderly women who
visited the sport training centre [91], and community-
dwelling pre-frail elderly people [76]. Future reviews may
include more specific inclusion criteria to enhance com-
parison between studies, and to better understand the
target population being studied.

We have found a significantly small pooled effect size
in gait speed (SMD =0.37) with more precise estimate,
and this correlates with a reduction in time taken by
approximately 0.16 s to complete the gait speed test.
Similarly, Liu and co-workers (2022) [86] have also
reported a significant pooled effect size in gait speed.
Conversely, they have reported a higher effect size
(SMD =1.06) with less precise estimate. This differen-
tial in effect size could be attributed to the difference
in method of data extraction, that is, we have extracted
change score whilst Liu and co-workers (2022)

extracted follow-up scores [92]. Secondly, Liu and co-
workers (2022) included 4 trials with exercise-only
intervention [14, 44, 76, 79] in their review during anal-
ysis of pooled SMD in gait speed (Supplementary Fig. 6
therein, p1431e.13). In contrast, we included 13 trials
with diverse exercise protocols during analysis. Inter-
estingly, our post-hoc subgroup analysis which looked
at 6 trials with multi-component exercises yielded a
lack of significance in pooled SMD in gait speed (Sup-
plementary Fig. 3). Overall, we believe that our esti-
mated effect size in gait speed herein is considered
conservative in view of the larger number of studies
included in our analysis. Future reviews may consider
the extraction of change score, instead of follow-up
scores to yield a more precise estimate.

Our review has unveiled significantly small effect size in
timed up-and-go (SMD=0.39), and this parallels with a
reduction in timing by 0.73 secs. However, this is less than
the minimum detectable change of 2.08 secs reported by a
previous study on community dwelling adults aged 50 and
above [93]. Our estimated minimal clinically important
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difference for timed up-and-go worked out to be 0.41 secs
[94]. We are unaware of any available minimal clinically
important difference values for timed up-and-go in frail
or pre-frail older adults within the literature for compari-
son. In contrast to our finding, Liu and co-workers (2022)
have reported a lack of significance in pooled effect size
in timed up-and-go. The lack of significance remained
based on their subgroup analyses of trials which investi-
gated the effect of exercise only, and trials which investi-
gated the effect of exercise with nutrition (Supplementary
Fig. 9 therein, p1431.e16). We were unable to replicate the
aforementioned subgroup analyses on a post-hoc basis due
to the diverse exercise protocols. For similar reason, we
believe that the discrepancy in our findings may be attrib-
uted to the difference in trials included during analaysis.

We have found a significantly pooled effect size in SPPB,
and this concurs with the finding by Liu and co-workers
(2022) [86]. Our pooled effect size in SPPB yielded a SMD
of 0.27, and this is borne out to be 0.45 point, which is con-
sidered clinically significant [95]. In addition, we estimated
that the minimal clinically important difference in SPPB is
0.83 point [94]. In contrast, Liu and co-workers (2022) have
reported a much larger overall pooled mean difference in
SPPB of 0.81 point; pooled mean difference of 1.02 points
from 4 studies which investigated exercise only, and pooled
mean difference of 1.2 points from 1 study which investi-
gated exercise with nutrition (Fig. 1 therein, p1431.e4). For
similar reason, it is plausible that the difference in magni-
tude of effect size may be due to the difference in method of
data extraction. SPPB, which is a composite measure of bal-
ance, gait speed and lower limb strength, has been reported
to be a protective frailty factor and can be monitored in
pre-frail older adults [96]. These corroborate the use of
SPPB as a tool, at least in part, in evaluating the effective-
ness of community pre-frailty intervention.

By inference of a recent study which has reported a lack
of significant change in balance among retirees who were
aged 60 years and above after participation in a 3-month
community-based physical activity with fall prevention
program [97], it is conceivable that detecting a signifi-
cant change in balance with community-based exercises
among pre-frail older adults may be just as challenging as
in our review. Having said these, it is noteworthy that stud-
ies which used SPPB balance score [17, 84] had consist-
ently larger effect size estimates than studies which used
one-legged stance test [73, 78, 80, 82]. This suggests that
SPPB balance score which assesses the ability to assume
normal, semi-tandem and tandem stance for 10 s, may be
more sensitive in detecting changes when compared to the
timed one-legged stance test. Interestingly, some of the
included trials in this analysis did not include balance exer-
cises in their pre-frailty program [80, 82]. This may high-
light the importance of incorporating balance exercises
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in the community pre-frailty intervention. Future studies
may consider the use of SPPB balance score, instead of the
single leg stance test in evaluating balance performance.

Notwithstanding the inclusion of aerobic exercises in
the pre-frailty intervention across the included trials [10,
74, 80], there is a lack of significance in the pooled effect
size for functional exercise capacity. To our knowledge,
we are unaware of reviews which have investigated the
effect of community-based exercise on functional exer-
cise capacity in pre-frail older adults. We believe that we
could have yielded a different result if there were more
trials which had incorporated multi-component exer-
cises in their protocol included in our analysis, that is,
elements of resistance, aerobic, balance and flexibility
training, to augment the effect on improving functional
exercise capacity [98]. Our finding may also be explained
by other reasons, that is, the pre-frail older adult par-
ticipants were likely to be working at the limit of their
physical capacity to carry out activities of daily living
[99]. Lastly, when interpreting the result from a previous
study [100], the training effect of cycling exercise [80] or
stepping exercise [10, 74] may be inadequate to improve
functional exercise capacity in pre-frail older adults.
Future studies may consider multi-component exercise
and the inclusion of outdoor or treadmill walking as part
of the exercise protocol. Nonetheless, our result should
be interpreted with caution given the relatively low num-
ber of included trials and reduced statistical power to
detect difference in pooled functional exercise capacity.
Hence, this merit further investigation.

We have found a lack of significance in pooled cogni-
tive performance, and this finding did not agree with a
previous review by Racey and co-workers (2021) [19].
This discrepancy in conclusion may be ascribed to the
difference in method of including trials in the meta-anal-
ysis. For example, some of the trials were included more
than once in their meta-analysis (Fig. 3B therein, pE740)
which may have overstated the precision of their results
[19]. Another plausible reason could be attributed to the
diverse clinical outcomes used to measure different cog-
nition domains across our included trials [11, 22, 44, 73,
85]. Interestingly, the removal of trials which used the
Mini-Mental State Examination during post-hoc subgroup
analysis uncovered a significant effect (SMD =0.39, 0.06 to
0.72, P=0.02) (Supplementary Fig. 5). Based on the neu-
roanatomical correlates of the cognitive measures, that is,
Frontal Assessment Battery [101], Repeatable Battery for
the Assessment of Neuropsychological Status [102] and
Montreal of Cognitive Assessment [103], it is appealing to
consider that exercise may exert its effect, at least in part,
through pathways involving the pre-frontal, medial tempo-
ral and/or subcortical area respectively. Further studies are
warranted to support this assertion.
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Despite the positive association reported between
physical activity and quality of life [104], the enhance-
ment in quality of life by pre-frailty intervention was not
observed in our review. Furthermore, our finding did not
concur with previous reviews [19, 86]. This may be attrib-
uted to the different methodologies used such as method
of data extraction [86] and inclusion of trials during
meta-analysis [19]. It is also conceivable that the lack of
significance in pooled quality of life amongst commu-
nity-dwelling pre-frail older adults herein may reflect the
multidimensional construct of quality of life, which may
be influenced by a plethora of factors such as financial
resources, health and meaning in life [105]. This merits
further investigation.

Albeit the scarcity of information on pooled pre-frailty
reversal odds ratio, our review has revealed that the pooled
odds of reversal from pre-frailty to robust state is about 3
times amongst the older adults who received community-
based exercises, when compared to those who received
minimal intervention. This finding concurs with other tri-
als [26, 106], which has demonstrated similar result. Based
on a proposed method to derive the number needed to
treat [52], we estimated that 20 pre-frail older adults would
be required to participate in community-based exercises
in order for one additional pre-frail older adult to achieve
healthy robust state. In comparison to findings from one
of the included trials [10], we believe that our estimated
number needed to treat is considered conservative based
on the diverse pre-frailty intervention across our included
trials. Nevertheless, our findings have implications on
public health policy, that is, it underscores the benefit of
public health intervention such as pre-frailty intervention
in altering frailty trajectory at the population level [22]. But
this would call for recommended actions by both health-
care providers and policy makers. For example, healthcare
providers could consider implementing more community-
based exercise programs [107], whilst policymakers could
consider integrating such programs into mainstream care
for the pre-frail aging population [22].

By inference of previous studies [10, 22, 54], it is tempt-
ing to speculate that exercise intervention modifies the
risk factors of frailty such as reduced walking speed by
altering the body composition and immune profile. For
example, the reversal of pre-frailty was reportedly associ-
ated with reduced body fat mass, increased fat-free mass
and improved fitness [10]. Similarly, Tan and co-workers
(2023) have also reported an improved appendicular skel-
etal muscle index after 3-6 months of exercise with or
without cognitive stimulation therapy amongst pre-frail
older adults [22]. Other proposed mechanisms include
the reduction in inflammatory biomarkers such as inter-
leukin-6 and C-reactive protein after a 6-month exer-
cise training amongst older adults [54]. From a social
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psychological perspective, the benefits of regular partici-
pation in community-based exercise events may be attrib-
uted to the participants’ positive and rewarding social
behaviours and experiences such as subjective enjoyment
and energy level [108]. These may be mediated by a reduc-
tion in feelings of fatigue and cortisol level [109]. Nonethe-
less, these mechanisms merit further studies for validation.
Our review of the literature revealed variability in the
temporal parameters of community-based exercise, and
that it is uncertain how community-based pre-frailty inter-
vention can be rolled out to optimize clinical benefits at the
population level. Thus far, a previous study has identified
weekly frequency as one of the predictors of SPPB in pre-
frail and frail older adults (Table 5 therein, p11) [110]. Simi-
larly, we have identified herein that the frequency (number
of sessions per week) as a significant predictor of the effect
size for gait speed. However, this predictor was not signifi-
cant when univariable regression analysis was performed
(P>0.05). We believe that further studies in this area would
elucidate further insights on the predictive potential of pre-
frailty intervention parameters on the clinical outcome.

Limitations

One of the challenges encountered during this review
included the variability in the pre-frailty intervention
across the included trials. However, this was overcome
with the use of random-effects models a priori. Sec-
ondly, different outcome measures were used across
the included trials to measure the same construct.
Conversely, we expressed our pooled results in units
of standard deviation, that is, standardized mean dif-
ference to circumvent this issue. Thirdly, we included
trials with a mix of pre-frail and frail older adults.
Nevertheless, we ran post-hoc sensitivity analyses by
excluding trials which included frail older adults, and
the results were consistent in most of the outcome
measures. Lastly, there were high risk of bias in 6 out
of 22 included RCTs. Our post-hoc sensitivity analy-
ses revealed persistently statistically significant pooled
results for lower limb strength, but not for gait speed
and TUG after removing RCTs with high risk of bias,
hence our data should be interpreted with caution.

Conclusion

In conclusion, this review highlights that community-
based exercises is superior to minimal intervention for
improving physical function and health in older adults
with pre-frailty. The frequency of exercise sessions
per week may influence the effect size for gait speed
amongst pre-frail older adults. Further research works
are warranted to investigate responsive outcome meas-
ures and optimal parameters of community-based exer-
cises for the community-dwelling pre-frail older adults.



Lim et al. BMC Geriatrics (2024) 24:589

What is already known

m Pre-frailty poses a large socioeconomic burden
and it affects the older adults.

m There is conflicting evidence on the effectiveness
of community-based exercises in improving clinical
outcomes amongst older adults with pre-frailty.

What are the new findings

m Community-based exercise is superior to minimal
intervention in improving physical function such as
lower limb strength and gait speed in older adults
with pre-frailty.

m The odds of reversing pre-frailty to robust state is
about 3 times amongst those who received commu-
nity-based exercises, when compared to minimal
intervention. Out of 20 pre-frail older adults who
participate in community-based exercises, one is
expected to achieve healthy robust state who would
not otherwise have done so.

m The frequency of exercise sessions per week may
influence the effect size for gait speed in older
adults with pre-frailty.
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