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Abstract

Objective

The relationship between physical activity (PA) and the risk of frailty has not reached a con-

clusive result. This systematic review with meta-analysis aimed to evaluate the effect of PA

on the onset of frailty in the community-dwelling middle and older age adults by pooling data
from cohort studies.

Methods

A systematic literature search was performed via PubMed, Embase, and Web of Science up
to June 01, 2021. Pooled adjusted effect estimates (ES) with 95% confidence interval (CI)
were calculated by using the random-effect model and by comparing the highest with lowest
levels of PA. Heterogeneity was tested using the | statistic and Q-test. The quality of evi-
dence was evaluated by using the Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) approach.

Results

A total of ten cohort studies with 14 records were selected, and the GRADE approach classi-
fied the quality of evidence as low. In comparison with the lowest level of PA, the highest
level of PA was associated with 41% decreased odds of frailty (ES: 0.59, 95% CI: 0.51—
0.67; 12 =70.0%, Pheterogeneity < 0.001) after pooling results from included studies. In strati-
fied analysis by frailty assessment approach, the highest level of PA was significantly asso-
ciated with 37% (ES 0.63, 95% Cl: 0.52-0.77, 49% (ES: 0.51, 95% ClI: 0.41-0.63), and 30%
(ES: 0.70, 95% CI: 0.65—-0.75) reduced odds of frailty when pooling studies using criteria of
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physical frailty, multidimensional model, and accumulation of disability, respectively. Strati-
fied analyses further by PA indicators and PA assessment tools yielded similar protective
effects in any subgroups.

Conclusions

This study with moderate-certainty evidence shows that a higher level of PA was associated
with lower odds of frailty, and the benefits of PA for frailty prevention were independent of
frailty assessment tools, PA indicators, and PA assessment methods. Findings from this
study may help implement active exercise strategies to prevent frailty.

Introduction

Frailty is a transition state from healthy aging to disability. Age-related cumulative declines in
physiological reserve and vulnerability to stressors promote the presence of frailty [1]. It is esti-
mated that more than 10% of adults aged 65 years or above suffered from frailty in the world
[2, 3] and the prevalence was even higher in the individuals living with cancer, heart failure,
and other chronic diseases [4-6]. The frail adults aged 60 years or older living in the commu-
nity are increasing globally at a speed of around 43 new cases per 1000 person-years [7]. Frailty
is closely related to a range of adverse health-related events of falling [8], fractures [9], disabil-
ity [10], hospitalization [11], and even mortality [12] in older residents. The failure to prevent
frailty will continue to aggravate the burden of health care costs for individuals and countries
(13, 14].

Physical activity (PA) can regulate the function of multiple systems in the body [1]; the dys-
function of these body system can further contribute to the development of frailty [1]. A sys-
tematic review [15], a scoping review [16], and a systematic review and meta-analysis [17]
synthesized the evidence and found that exercise training can reduce the level of frailty and
improve the prognosis of frailty among older adults. However, epidemiological studies on the
relationship between PA and frailty did not reach to a consistent conclusion. For instance,
Trombetti [18] and Pérez-Tasigchana [19] did not find any association between PA and frailty,
while Borda [20] and Savela [21] reported that PA was a protective factor for frailty. A meta-
analysis found that physical exercise therapy could improve mobility and physical functioning
in elderly patients suffering from mobility problems, disability and/or multi-morbidity [22];
however, more original studies have been reported in the following decade, making it neces-
sary to update the synthetic evidence. A more recent systematic review including four random-
ized controlled trials and two prospective cohort studies found that physical activity might be
an effective intervention for preventing frailty mong people aged 65 years and older [23]; nev-
ertheless, the intervention measures varied largely among four RCTs and one included RCT
adopted combined nutrition and exercise interventions, limiting the application of the results.
Moreover, this study [23] only included two cohort studies, but more cohort studies have been
reported [18-21, 24-30]. In addition, there are many evaluation methods for frailty, and no
unified standard has been formed [31]. Whether different methods of frailty assessment influ-
ence the association between PA and frailty onset is unclear.

Pan and colleagues published a registered protocol for systematic review and meta-analy-
sis to demonstrate the association between PA and the risk of frailty in the old community-
dwelling residents [32]; however, the related systematic review and meta-analysis has not
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been reported in the past three years. What’s more, this protocol [32] did not mention how
to define frailty and whether synthesize the evidence by frailty definition or not.

Therefore, we conducted this systematic review and meta-analysis by synthesize evidence
from cohort studies to examine the effect of PA on the onset of frailty among the community-
dwelling middle and older age adults, so to provide evidence for frailty prevention for middle
and order age adults.

Methods
Search strategy and selection criteria

This study was implemented according to the PRISMA guideline [33]. Three researchers (PH,
W]JZ, WDS) searched the literature independently. The group discussion with the other two
researchers (XDL, TA) was conducted to resolve the dissidence. The literature was systemati-
cally searched from the inception to June 01, 2021, through three electronic databases of
PubMed, Embase, and Web of science. The keywords and retrieval strategy were as follows:
(‘physical activity’ OR ‘exercise’ OR ‘acute exercise’ OR ‘isometric exercises’ OR ‘aerobic exer-
cise’ OR “physical exercise’ OR ‘endurance exercise’ OR ‘resistance exercise’ OR ‘strength exer-
cises’ OR ‘training’ OR ‘exercise training’, OR ‘combined training’, OR ‘weight-lifting’ OR
‘running’ OR ‘jogging’ OR ‘swimming’ OR ‘walking’ OR ‘yoga’ OR ‘Tai chi’ OR ‘daily activity’
OR ‘lifestyle’ OR ‘sport’) AND (‘frailty’ OR ‘frailness’ OR “frailty syndrome’ OR and ‘debility’).
A reverse reference citation tracking was also carried out to search for the possible literature.
More details of the search strategy were shown in S1 Table.

Inclusion criteria were as follows: the exposure of PA including exposure intensity, fre-
quency, duration, volume, step, or any specific type (such as leisure-time physical activities,
occupational activities, and exercise, etc.) was reported; frailty and its assessment
approaches (physical frailty, multidimensional approach, accumulation of disability, etc.)
were reported; design of cohort studies; middle and older age healthy adults; the relation-
ship between PA and frailty was evaluated; the study was published in English. Cross-sec-
tional studies, animal studies, trials, reviews, editorials, letters, abstracts, and studies lacking
data to manifest the relationship between PA and frailty were excluded after reviewing title,
abstract or full-text.

Data extraction and quality assessment

The detailed information was extracted from the eligible studies including the first author of
the studies, the publication year, study design, region, sample size, age (mean or median,
range), the proportion of female individuals, the follow-up period, confounders, frailty assess-
ment approach, PA assessment method, PA indicator, comparison of different PA levels and
the corresponding effect estimates.

The quality of the included studies was assessed by using criteria of the Newcastle-Ottawa
Scale (NOS) [34]. The maximum total score for NOS was 9 stars, including 4 for selection, 2
for comparability, and 3 for exposures assessment. A study would be classified as the quality of
high (7-9 stars), moderate (4-6 stars), or low (1-3 stars) according to the total score obtained.
The Grading of Recommendations Assessment, Development and Evaluation (GRADE)
approach was used to evaluated the quality of the body of evidence [35]. The GRADE approach
was based on considerations such as study design, risk of bias, inconsistency, imprecision,
indirectness, publication bias and other aspects reported by the included studies. The quality
of the evidence was characterized as high, moderate, low, or very low.
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Ethics statement

This study was approved from the Ethical Review Committee for Biomedical Research, School
of Public Health, Sun Yat-sen University and from the Ethics Review Committee of Hokkaido
University Graduate School of Medicine. The study was performed in accordance with the
Declaration of Helsinki. The study was a systematic review and meta-analysis, the consent was
waived for the study, and no patients were involved.

Statistical analysis

A meta-analysis was conducted to estimate the overall pooled effect estimates (ES) based on
the adjusted odds ratio or hazard ratio and 95% confidence interval (CI), by comparing the
highest with the lowest levels of PA [36]. For those studies which reported results from the
comparison of the lowest with highest categories, the reciprocal method was used to transform
the original effect [37]. The heterogeneity was assessed by using I index and Q-test. I* value of
more than 50% or P-value of Q-test less than 0.05 indicated heterogeneity, and then the ran-
dom-effect model was used to calculate pooled ES; otherwise, the fixed-effect model would be
applied [38]. Repeated analysis was further conducted to evaluate the contribution of each
study to the pooled effect by omitting one study at a time. To seek the potential factors influ-
encing the association of frailty risk with PA, subgroup analysis and meta-regression analysis
were conducted based on the characteristics of the region (Europe and America, Asia), sample
size (< 1000, > 1000), female proportion (< 50%, > 50%), age (< 70 years, > 70 years), frailty
assessment approach (physical frailty, accumulation of disability, or multidimensional
approach), follow-up period (< 10 years, > 10 years), PA indicators (Volume, frequency,
intensity, duration, steps), PA assessment methods (Questionnaire or Uniaxial accelerometry
sensor), and effect estimates (odds ratio, hazard ratio). The publication bias was analyzed by
the Begg’s test, the Egger’s test, and the funnel plot. The P-value of the Begg’s test and the
Egger’s test lower than 0.05 or the asymmetric funnel plot suggested the publication bias. All
statistical analyses were conducted by using Stata 12.0 software (Stata Corporation, College
Station, TX, USA).

Result

The study selection procedure is shown in Fig 1. The systematic review identified 8,193 articles
from three electronic databases. About 1,749 articles were removed for duplication and 6,444
articles were removed after screening the title and the abstract. Among the 20 articles for fur-
ther full-text reviewing, eight articles were excluded because the effect estimates were not pro-
vided or cannot be calculated, two were excluded for the cross-sectional design. Finally, 10
cohort articles [19-21, 24-30] were included in this systematic review and meta-analysis. The
quality score of each study ranged from 6 to 9, depicting a moderate to a higher quality of
included studies (S2 Table). By using GRADE approach, it is found that substantial heteroge-
neity was the main reason responsible for the limited quality of the evidence, whereas all plau-
sible confounding factors were considered (S3 Table). Hence, the quality of the evidence from
the outcomes evaluated by the GRADE system was assessed as low as a whole.

The general characteristics of the included studies are illustrated in Table 1. Yu et al. [30]
reported the studies from three prospective cohorts in Hong Kong, Taiwan-urban and Tai-
wan-rural, so we divided this study into three cohorts for meta-analysis; Yuki et al. [28] evalu-
ated the relationship between three dimensions of physical activity (daily number of walking
steps, time of light-intensity physical activity, and time of moderate-to-vigorous intensity
physical activity) and frailty risk among Japanese, and therefore we divided it into three rec-
ords when doing meta-analysis. Among the other eight included studies, two studies were
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8193 articles identified through databases searches:
779 Pubmed, 3150 Embase, 4264 Web of Science

= 1749 duplicates removed
A4

6444 articles futher screened

6424 articles are cross-sectional studies,
rand‘omized' controll'ed ‘Frials, animal
studies, reviews, editorials, or comments,
abstracts, case reports and the studies that
are not relevant

\4

20 full-text articles assessed for eligibility

10 full-text articles were excluded:
2 were cross-sectional studies;
——p |5 focused on the changes in frailty;
3 cannot calculate RR/OR/HR to
evaluate the relationship between
physical activity and frailty

Yy

10 studies included in meta-analysis

Fig 1. Flow chart of the study selection process.

https://doi.org/10.1371/journal.pone.0278226.9001

from Finland [21, 27], two from the UK [26, 29], one from Japan [25], one from the USA [24],
one from Mexico [20], and one from Spain [19]. A total of 34,943 participants were included
in this meta-analysis. The total samples of each study ranged from 401 to 7,420, and the frailty
cases ranged from 48 to 2,300. The mean age of the participants in each study ranged from
47.5 to 75.38 years. One study only included male participants [21], and the other nine studies
included both genders (approximately 44.40%-59.2% were females) [19, 20, 24-30]. The
median follow-up year ranged from 3 years to 26 years. Two studies used hazard ratio to dis-
play the effect [26, 29] and others used odds ratio.

Frailty was evaluated by Fried’s or modified Fried’s criteria in four studies [21, 27-29], by
Gill frailty model in one study [24], by questionnaires of the Kaigo-Yobo Checklist in one
study [25], by the FRAIL scale in one study [19], by the multidimensional approach in two
studies [26, 30], and by the accumulation of disability in one study [20]. The scales of the
Kaigo-Yobo Checklist and the FRAIL scale were validated by Fried’s criteria and Gill frailty
model was defined by the functional limitations; therefore, frailty assessed by Fried’s criteria,
modified Fried’s criteria and Gill frailty model was considered as physical frailty [19, 21, 24,
25, 27-29]. One study with three records assessed PA with a uniaxial accelerometry sensor
[28], and the other nine studies assessed PA with a questionnaire [19-21, 24-27, 29, 30]. Of
the nine studies [19-21, 24-27, 29, 30], two studies evaluated PA with the common and official
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Study ES (95% Cl) Weight (%) Comparison

Yuki et al. (1) —OE— 0.54 (0.32, 0.91) 4.50 25000 steps/d vs <5000 steps/d
Yuki et al. (2) —E—-o-—— 0.74 (0.44, 1.20) 4.75 >40.3 min/d vs <40.3 min/d
Yuki et al. (3) —_— 0.56 (0.32, 0.95) 4.26 >7.5 min/d vs <7.5 min/d
Peterson et al. E—O-— 0.91(0.61, 1.33) 6.38 Vigorous vs sedentary
Savela et al. € + . 0.23 (0.08, 0.65) 1.50 High vs low
Niederstrasser et al. —O—E 0.46 (0.36, 0.57) 9.67 Vigorous vs sedentary
Kolehmainen et al. — 0.38(0.23,061)  4.92 High vs low
Yuetal. (1) —— 0.66 (0.55, 0.79) 10.79 >5-7 days/week vs <5-7 days/week
Yuetal. (2) —~—i— 0.49 (0.37, 0.66) 8.33 >5-7 days/week vs <5-7 days/week
Yu et al. (3) - 0.44 (0.35, 0.55) 9.76 25-7 days/week vs <5-7 days/week
Gil-Salcedo et al. —— 0.66 (0.48,0.88)  8.03 2.5 hiweek vs <2.5 hiweek
Borda et al. 5 0.70 (0.70, 0.80) 12.92 23 times/week vs <2 times/week
Abe et al. E-+— 0.77 (0.62, 0.96) 9.93 23 days/week vs <2 days/week
Pérez-Tasigchana et al. —_— 0.59 (0.34, 1.01) 4.26 Vigorous to moderate vs inactive
Overall (l-squared =70.0%, p = 0.000) 0 0.59 (0.51, 0.67) 100.00

i
NOTE: Weights are from random effects analysis E

Aol8 1 1215

Fig 2. Forest plot of association between physical activity and the risk of frailty.
https://doi.org/10.1371/journal.pone.0278226.9002

PA questionnaires for the old adults [19, 24], and the assessment of PA in other seven studies
was with simple questions. Three studies assessed the PA frequency [20, 25, 30], three assessed
the PA volume [19, 26, 27], two assessed the PA intensity [21, 24], one assessed the PA dura-
tion [29], and one assessed the steps and PA duration [28].

The random-effects model was used to calculate the pooled effect as the substantial hetero-
geneity was found (I = 70.0%, P peterogeneity < 0.001). As shown in Fig 2, in comparison to the
participants with the lowest level of physical activity, those with the highest level of physical
activity were significantly associated with a decreased odds of frailty (pooled ES: 0.59, 95% CI:
0.51-0.67). Visual inspection of funnels plots did not find obvious asymmetry (Fig 3). Begg’s
test (P = 0.584) and Egger’s test (P = 0.067) did not reveal any significant publication bias. Sen-
sitivity analysis was conducted 14 times by omitting one record each time and no significant
change was observed in each analysis (S1 Fig).

When stratified by frailty assessment approach and compared with participants with the
lowest PA level, participants within the highest level of PA were associated with 37% (pooled
ES: 0.63, 95% CI: 0.52-0.77), 49% (pooled ES: 0.51, 95% CI: 0.41-0.63) and 30% (pooled ES:
0.70, 95% CI: 0.65-0.75) reduced odds of frailty when pooling studies using criteria of physi-
cal frailty, multidimensional model, and accumulation of disability, respectively (Table 2).
When stratified by PA assessment tools, a similar protective effect was observed for studies
using questionnaires (pooled ES: 0.58, 95% CI: 0.50-0.68) and using Uniaxial accelerometry
sensor (pooled ES: 0.61, 95% CI: 0.45-0.83), respectively. Stratified analysis was also per-
formed according to PA indicators, the region, sample size, female proportion, age, effect
estimates, and follow-up, and a consistent protective effect was found in any subgroups
(Table 2). The forest plot of association between PA and the odds of frailty by PA indicators
was shown in S2 Fig. The meta-regression analysis was further conducted by putting the
characteristics one by one into the meta-regression model separately, and the results showed
that the follow-up period (P = 0.012) contributed to the heterogeneity across the studies.
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Fig 3. Funnel plots with pseudo 95% confidence limits for the association between physical activity and the risk of
frailty.

https://doi.org/10.1371/journal.pone.0278226.9003

Among the other characteristics, similarly no significant moderating effect was observed:
region (P = 0.967), sample size (P = 0.446), female proportion (P = 0.643), age (P = 0.204),
and frailty assessment approach (P = 0.168), PA measuring methods (P = 0.842), PA indica-
tors (P = 0.647), and effect estimates (P = 0.636).

Discussion

To the best of our knowledge, this study comprehensively summarized the overall effects of
PA on frailty risk among the community-dwelling older residents. Based on available evidence
with moderate quality involving 34,943 participants, results from this systematic review and
meta-analysis suggest that a higher level of PA was significantly associated with lower odds of
frailty.

This study by synthesizing 10 population-based cohort studies with 14 records showed that
a higher level of physical activity was associated with 41% decreased odds of frailty (37% for
physical frailty; 49% for multidimensional frailty). Sensitivity analysis, subgroup analysis, and
meta-regression analysis yielded similar protective effects, indicating that our result was stable
and robust. The result of our study was consistent with other reports, which showed that a
higher level of physical activity was beneficial to physical function [22], muscle strength [39],
and cognitive function [40]. In addition, similar protective effect of PA on the frailty was also
reported by two cohort studies using linear regression model [41, 42]. Based on hourly accel-
erometry data, Huisingh-Scheetz et al. found that each frailty point corresponded a 7% lower
mean hourly activity counts per minute among older adults by using mixed effects linear
regression model [41]. Zhang et al. used multivariate linear regression models and showed
that compared with participants with a continued regular PA frequency, participants with a
decreased frequency were significantly more overall frailty [42].

A previous study tried to test the agreement between 35 different frailty assessment meth-
ods among the general population, and the results did not suggest to straightly pool or com-
pare the prevalence or incidence yielded by diverse frailty scores. However, in our study, the
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Table 2. Overall and subgroup meta-analyses on the association between physical activity and the risk of frailty.

Subgroups Number of studies/ Effect estimates (95% Pt P(%) P | Pg
records CI)
All 14 0.59 (0.51-0.67) < 0.001 | 70.0 |0.584 |0.067
Region
Asia 7 0.59 (0.49-0.71) 0.013 | 62.7 |0.764 | 0.773
Europe and America 7 0.58 (0.46-0.73) 0.001 | 74.7 |0.548 | 0.173
Sample size
<1000 5 0.53 (0.42-0.66) 0.347 | 10.4 | 0.806 | 0.694
>1000 9 0.61 (0.52-0.71) < 0.001| 76.8 | 0.602 | 0.236
Female proportion
<50% 9 0.57 (0.48-0.68) 0.001 | 68.3 | 0.466 | 0.047
>50% 5 0.59 (0.51-0.67) 0.003 | 75.6 | 1.000 | 0.815
Age
<70 5 0.68 (0.56-0.82) 0.143 | 41.7 | 0.221 | 0.481
>70 9 0.55 (0.46-0.66) 0.003 | 65.1 | 0917 0.617
Frailty assessment approach
Physical Frailty 9 0.63 (0.52-0.77) 0.068 | 45.1 |0.175|0.038
Multidimensional model 4 0.51 (0.41-0.63) 0.019 | 69.9 |1.000 | 0.288
Accumulation of disability 1 0.70 (0.65-0.75) -- -- -- --
Follow-up period
<10 year 7 0.70 (0.66-0.75) 0.607 0.0 | 0.368 | 0.848
>10 year 7 0.51 (0.42-0.61) 0.009 | 63.0 | 0.548 | 0.190
Physical activity (PA)
indicators
PA frequency 5 0.61 (0.51-0.73) < 0.001 | 81.0 | 0.221 | 0.261
PA volume 3 0.46 (0.38-0.56) 0.498 0.0 | 1.000 | 0.914
PA intensity 2 0.50 (0.13-1.90) 0.016 | 82.8 | 1.000 | --
PA duration 3 0.66 (0.52-0.83) 0.760 0.0 | 1.000 | 0.872
Step 1 0.54 (0.32-0.91) -- -- -- --
PA assessment methods
Questionnaire 11 0.58 (0.50-0.68) <0.001 | 76.3 | 0.533 | 0.079
Uniaxial accelerometry 3 0.61 (0.45-0.83) 0.646 | 0.0 |1.000 | 0.396
sensor
Effect estimates
Odds ratio 12 0.60 (0.52-0.70) <0.001 | 67.6 | 0.373 | 0.093
Hazard ratio 2 0.54 (0.38-0.77) 0.063 | 71.1 | 1.000 | --

* P value for heterogeneity from Q-test

T P value from Begg’s test
* P value from Egger’s test

https://doi.org/10.1371/journal.pone.0278226.t002

subgroup analysis and sensitivity analysis in our study showed the similar protective effect of
PA on frailty, regardless of frailty evaluation approach (physical frailty, multidimensional
approach, or accumulation of disability), suggesting that PA generated essential protective
effect on frailty, no matter which frailty assessment approach was adopted.
PA is a multi-dimensional module, and therefore there is no measure that can assess all

facets of PA [43]. Different PA assessments may reflect different facets, and this requires
more attention when pooling the results from different studies. In our study, we did a series
of repeated analyses 14 times by omitting one record each time and no significant change
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was observed in each analysis. The stratified analysis by PA indicator also yielded a similar
negative association of frailty with PA volume, PA frequency, PA intensity, and PA duration,
respectively. Yuki et al. adopted a uniaxial accelerometry sensor to measure the number of
steps and PA intensity [28], and other nine studies measure PA by using a questionnaire
[19-21, 24-27, 29, 30]. However, similarly, we yielded a similar negative association of frailty
with PA after excluding the study by Yuki et al [28]. We also tried to pool the three records
reported in Yuki’s study, and consistently we observed a protective effect by PA on frailty.
These manifested that diversity in the PA measurement tools or indicators didn’t influence
the stability of the results. Multicomponent PA for older adults was recommended by WHO
guidelines to maintain their physical fitness [44]. Consequently, no matter what type, inten-
sity, frequency of PA, a higher level of PA in keeping moving and avoiding sedentary behav-
iours could yield benefits for the older adults.

Some studies showed that the duration of the follow-up period influenced the results from
the longitudinal studies [45, 46]. Our study by synthesizing ten cohort studies found that the
follow-up period may contribute to significant heterogeneity across the studies. However, our
stratified analysis by follow-up period (<10 years vs. >10 years) yielded a similar beneficial
effect by PA on frailty risk in both strata. One previous study [19] has also showed that a higher
level of PA has a similar protective on the incidence of frailty after both longer-term and
shorter-term follow-up. People in different countries had various exercise habits [47], but our
stratified analysis by region (Asia vs. Europe and America) showed similar protective effects,
indicating the effect of PA on frailty was not influenced by exercise habits. Age, gender, and
sample size were the major confounders and varied in different studies. However, the stratified
analysis in our study by sample size (< 1000 vs. > 1000), female proportion (< 50% vs. >
50%) and, age (< 70 years vs. > 70 years) yielded the same results. These further showed the
robustness of our results.

The mechanism underlying the association between PA and frailty is still unclear. However,
PA has physiological effects on several inter-related physiological systems, and the latter can
lead to frailty [48]. More PA can help people to control blood pressure and cholesterol, and
therefore to reduce the risk of cardiovascular and metabolic diseases [49]. In skeletal muscle,
PA can accelerate fatty acid oxidation, thus reducing the risk of cardiovascular diseases and
type 2 diabetes mellitus [50, 51]. Regular exercise may exert characteristic changes in epige-
netic mechanisms in skeletal muscle, specifically with respect to the genes associated with mus-
cle growth and metabolism [52]. In the nervous system, keeping regular physical exercise
helped to increase the blood flow to the brain and maintain the cognition function of older
people [53, 54]; physical exercises seemed to maintain the longevity of motor neurons control-
ling the leg muscles [55, 56]. Previous researches showed that exercises can prevent older peo-
ple in the community from falling [57], and even when a fall occurs, people who kept regular
exercises were at a reduced risk to suffer from fractures because of the higher bone mineral
density in their stronger bones [58].

Our study provides the basis for future research. First, the evidence on the associations of
frailty and PA were mainly from the high-income countries rather than low-income or mid-
dle-income countries; the latter are experiencing a rapid ageing society, but the accessibility to
health care resources is substantially shortage. The relevant studies in these low- or middle-
income countries are encouraging. Second, instead of using a single question to assess the PA,
the systematic and validified official PA questionnaire or accelerometers is encouraging to use
in future studies to determine the dose-response relationship and determine the optimal exer-
cise level for frailty prevention. Third, the definition of frailty urgently requires a consistent
golden standard to facilitate the comparison between different studies. The development of
tools to objectively measure frailty would help to achieve this goal.
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One of the strengths of this study is that the studies included had moderate to high qual-
ity. Another strength is that all studies were cohort studies, hence the temporal sequence of
causality is credible. Nevertheless, some potential limitations should be recognized in our
studies. First, the frailty in the included studies was defined by different approaches, and PA
was assessed by using different scales, these may result in information bias and thus may
affect the consistency of the pooled results; however, the sensitivity and stratified analysis did
not find any significant change. Then, the heterogeneity in some pooled analyses was signifi-
cant, this may be due to the diversity of the characteristics of the subjects, the measurement
of exposure, and the measurement of outcome in each study. For instance, the study con-
ducted by Savela et al. was limited in Caucasian men of high socioeconomic status [21]; most
of the included studies used self-report questionnaire to derive levels of PA, but the survey
questions used in these studies varied largely. Hence, more studies with the same PA mea-
surements and same frailty evaluation method are needed to further validate our results.
Third, almost all the included studies assessed PA at the baseline, however, the longitudinally
change of PA level and whether these changes influenced the incidence of frailty were
unclear. This should be studied in the future. Fourth, because of the long follow-up in some
studies, the missing data from those who died during follow-up may dilute the association
between PA and frailty; therefore, more effective analyzed methods such as competing risk
model should be considered.

In conclusion, this systematic review and meta-analysis with moderate-certainty evidence
suggests that a higher level of PA was significantly related to decreased odds of frailty, and the
benefits of PA for frailty prevention are independent of frailty assessment tools, PA indicators,
and PA assessment methods. Findings from this study may help implement active exercise
strategies to prevent frailty.
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