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Abstract

Background Frailty has become an important health problem in the middle-aged and older people population.
Physical activity (PA) is a key intervention for frailty prevention and management. However, studies of the association
between COVID-19 pre-pandemic PA and the worsening or improvement of frailty during the pandemic remain
unclear.

Methods This longitudinal cohort study used data from the English Longitudinal Study of Ageing (ELSA), including
participants aged 50 and over. Three intensities of PA (vigorous, moderate, and mild) were categorized as less than
once per week and at least once per week, respectively, based on participant self-report. The frailty index (FI) assessed
the frailty status, defining frailty as FI > 25. Logistic regression was applied to examine the association between PA and
frailty, estimating odds ratios (OR) and 95% confidence intervals (95% Cl).

Results Of the 4379 non-frail participants at baseline (median age 67, 54.9% female), 8.1% developed frailty during a
mean follow-up of 3.5 years. Among 564 frail participants at baseline (median age 71, 66.5% female), 17.9% regained
health. Compared to those engaging in PA less than once per week, participants who engaged in vigorous (OR:

047 [95% Cl: 0.35-0.62]), moderate (OR: 0.37 [95% Cl: 0.29-0.48]), or mild (OR: 0.38 [95% Cl: 0.26-0.56]) PA at least
once a week had a lower risk of frailty worsening. Additionally, participants who engaged in moderate (OR: 2.04

[95% Cl: 1.29-3.21]) or mild (OR: 2.93 [95% Cl: 1.54-5.58]) PA at least once a week had a higher likelihood of frailty
improvement. Sensitivity analyses based on comprehensive PA levels confirmed these findings. Participants who
maintained at least one PA per week had lower frailty worsening (Vigorous, OR: 0.20 [95%Cl: 0.12-0.33]; Moderate, OR:
0.13 [95%Cl: 0.09-0.19]; Mild, OR: 0.20 [95%Cl: 0.11-0.38]) and higher frailty improvement rates (Moderate, OR: 3.43
[959%Cl: 1.93-6.11]; Mild, OR: 4.65 [95%Cl: 1.90-11.42]). In addition, individuals (Vigorous, OR: 0.35 [95%Cl: 0.20-0.60];
Moderate, OR: 0.36 [95%Cl: 0.22-0.56]) who transitioned from inactive to active also exhibited a lower risk of frailty.
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Conclusions This study emphasized the critical role of PA in preventing and improving frailty in middle-aged and
older people, especially during the COVID-19 pandemic. Our study also highlighted the importance of maintaining PA
habits to reduce frailty risk and promote its improvement. Also, the study indicated that individuals who transitioned
from inactive to active had a lower risk of frailty. These findings enriched the understanding of the association
between PA and frailty and provided valuable insights for addressing the health impact of future pandemics on

middle-aged and older people.
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Background

Frailty is characterized by a decline in the function and
reserve capacity of multiple physiological systems, lead-
ing to a weakening of the body’s defenses and making it
more vulnerable to stressful events [1-3]. This phenom-
enon is increasingly becoming an emerging burden on
global health [4]. The indirect effects of the COVID-19
pandemic, mainly due to restriction measures, have been
extensively studied, revealing significant difficulties in
accessing care for individuals with chronic diseases, as
well as a marked increase in psychosocial disorders (such
as depression, anxiety, and loneliness), malnutrition
(both over- and under-nutrition), and cognitive impair-
ments, all of which may contribute to the incidence and
progression of frailty [5-11]. Frailty is strongly associated
with a wide range of adverse health outcomes, includ-
ing disability, dependence, falls, long-term care needs,
and premature mortality [2, 4, 12, 13—15]. As the global
population ages, the prevalence of frailty is gradually
increasing, portending a future in which more and more
middle-aged and older people will face frailty-related
challenges [16]. However, recent evidences suggested
that frailty is a dynamic process that can be slowed down
or even reversed with effective interventions [1, 17, 18].
Frailty transitions are the processes by which individuals
change between different frailty states, including transi-
tions between non-frailty, pre-frailty, and frailty states
[19]. Particularly in clinical care pathways, the frailty
transition approach aids clinical decision-making by sim-
plifying categorization, while an understanding of the
frailty transition helps to identify the best population to
target for intervention [19]. Therefore, to increase atten-
tion to frailty in this population and to enhance their
quality of life, it is particularly important to identify key
factors that prevent and reverse frailty.

Exercise plays a key role in preventing and reversing
adult frailty [17]. Physical activity (PA) has been recog-
nized as a potentially effective strategy for preventing
or reversing frailty [20] by improving vascular function
and enhancing antioxidant capacity, positively affecting
immune function, skeletal muscle function, and neu-
romuscular control [21-23]. For adults, 150-300 min
of moderate-intensity physical activity, 75-150 min of
vigorous-intensity physical activity, or an equal com-
bination of moderate- and vigorous-intensity aerobic

physical activity per week is beneficial for maintaining
good health [24]. Although higher levels of PA may be
accompanied by a gradual waning of relative benefits,
there is no doubt that more PA has a positive effect on
achieving optimal health [24]. A meta-analysis also sug-
gested that an increase in exercise would increase muscle
capacity [25]. Therefore, individuals can effectively pre-
vent frailty through PA [26]. A cohort study from China
found that after 3.1 years of follow-up, consistent aero-
bic exercise reduced the risk of frailty by 26% [27]. Simi-
larly, another cohort study from Brazil found that people
with less than 150 min of PA per week accompanied by
excessive sedentary time were more likely to experience
symptoms of frailty [28]. In addition, a cohort study from
the UK also showed that moderate and intense PA signifi-
cantly slowed the progression of frailty in older people
[29]. PA has also been shown to be remarkably effective
in reversing states of frailty. A randomized controlled
trial (RCT) of 163 frail adults aged 65 years and older
has shown that a new mixed exercise intervention pro-
gram has a significant effect on improving frailty. After
a 24-week comprehensive exercise intervention, 41.7% of
participants who were initially in a frail state successfully
reversed their frailty status [30]. Similarly, an RCT-based
meta-analysis reported that exercise interventions (e.g.,
tai chi) were more effective in improving physical perfor-
mance in frailty patients compared to non-exercise popu-
lations [31]. In the long term, consistent PA will provide
significant benefits to the individual. A European-based
cohort study found that maintaining regular PA can help
maintain or improve an individual’s overall, physical, psy-
chological, and social frailties [32]. Another Singaporean
cohort study also found that consistent mild PA (e.g.,
housework) was associated with a lower risk of develop-
ing frailty [33]. All of the above studies showed a strong
association between PA and frailty.

Following the COVID-19 pandemic, there was a signifi-
cant change in daily activity patterns globally, with a gen-
eralized decline in PA levels accompanied by an increase
in the prevalence of frailty as a result of restrictive mea-
sures and concerns about public health safety [6, 11, 34].
However, there is still insufficient research on the impact
of pre-COVID-19 pandemic PA status on frailty wors-
ening or improvement during the pandemic. To fill this
gap in association studies, we used data from the English
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Longitudinal Study of Aging (ELSA) to analyze in detail
the association between different intensities of PA (e.g.,
mild, moderate, and vigorous PA) before the pandemic
and frailty worsening or improvement during the pan-
demic. In addition, we further assessed the longitudinal
association between consistent PA and the worsening or
improvement of frailty in this population during a mean
follow-up period of 3.5 years. This study not only helps
to reveal the potential role of PA in preventing or revers-
ing frailty but also provides a scientific basis for optimiz-
ing public health intervention strategies, especially in the
context of the COVID-19 pandemic that has profoundly
affected physical activity patterns and health outcomes.

Methods

Study design and population

The ELSA is the only ongoing longitudinal survey of the
aging population in the UK [35-37]. The ELSA popula-
tion is a representative sample of men and women aged
50 and over living in England. The study began in 2002
and questionnaires have been administered every two
years since then. So far, a total of 10 waves have been
collected by ELSA, with the latest available wave (Wave
10) collected from May 2021 to March 2023. To explore
the association between pre-pandemic PA and the onset
and recovery of frailty during the pandemic, we selected
Wave 9, which was collected between July 2018 and
August 2019, as a baseline. The multidisciplinary nature
of ELSA allows us to explore the complex associations
between geriatric health and quality of life, thus mak-
ing these data potentially the most appropriate for our
analysis. The ELSA study was approved by the National
Research Ethics Service (London Multicenter Research
Ethics Committee [MREC 01/2/91]) and all participants
signed a written informed consent form. The study was
conducted under all relevant ethical regulations.

Figure 1 shows the selection process for the study
population. We recruited a total of 8557 participants at
baseline (Wave 9) based on age>50 years. Participants
were excluded if they did not provide complete PA infor-
mation (including vigorous, moderate, or mild), or if
the frailty index (FI) item was missing at baseline, or if
the FI was not reassessed at the next wave (Wave 10) of
follow-up (lost to follow-up), or if the FI item was miss-
ing at the next wave of follow-up (Wave 10). Based on
the inclusion and exclusion criteria, a total of 4943 par-
ticipants were included in this study, divided according
to baseline FI thresholds, of which 4379 were non-frailty
participants and 564 were frailty participants. Of the eli-
gible participants, 4,377 non-frailty participants and 564
frailty participants could provide complete PA informa-
tion (including vigorous, moderate, or mild) at the sec-
ond resurvey (Wave 10). These 4941 participants were
included in the analysis of the association between PA
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changes and frailty transition (worsening or improve-
ment). Missing covariates were filled in by multivariate
interpolation of chained equations using the mice pack-
age in R [38, 39].

Assessment of frailty

Frailty was assessed by FI, which is calculated as the accu-
mulation of age-related health deficits. We constructed
the FI following the standard procedure described previ-
ously, which requires at least 30 deficits to construct the
FI [40, 41]. Therefore, we selected 32 items to construct
the FI, including comorbidities, physical functioning, dis-
ability, depression, and cognitive variables (Supplemen-
tary Table S1). Item 32 is a continuous variable ranging
from 0 to 1, with higher values indicating lower cognitive
function. For each participant, the 32-FI was calculated
as the sum of current health deficits divided by 32 and
multiplied by 100. Thus, the 32-FI is a continuous vari-
able ranging from 0 to 100, with higher scores indicat-
ing greater frailty. Based on previous studies, we defined
32-FI>25 as frailty [1, 42].

Physical activity

At baseline (Wave 9) and in the follow-up interview
(Wave 10), PA was measured by asking participants to
perform vigorous, moderate, and mild PA frequencies.
Before the participants answered, the interviewer pro-
vided specific examples of different PAs to help them
understand the various intensities of PA. Examples
of mild activities included laundry and home repairs;
moderate-intensity activity included gardening, cleaning
the car, walking at moderate pace, dancing, and floor or
stretching exercises; and vigorous intensity included run-
ning/jogging, swimming, cycling, aerobics/gym workout,
tennis, and digging with a spade. There are four options
for each question: rarely or never, one to three times a
month, once a week, and many times a week [43]. Fol-
lowing the experience of previous studies, we categorized
each PA into two groups based on their answers: less
than once a week (rarely or never and one to three times
a month) and at least once a week (once a week and many
times a week) [44—48].

Based on the change in PA frequency between baseline
and the second follow-up (mean interval of 3.5 years), we
categorized the changes in vigorous, moderate, and mild
PA into four groups, respectively: Consistently active (PA
frequency of at least weekly for both surveys), inactive to
active (baseline PA frequency of less than weekly and fol-
low-up PA frequency of at least weekly), active to inactive
(baseline PA frequency of at least weekly and follow-up
PA frequency of less than weekly), and inactive (PA fre-
quency of less than weekly for both surveys).



Huang et al. International Journal of Behavioral Nutrition and Physical Activity (2025) 22:31 Page 4 of 13

8,557 participants aged >50 years at Wave 9 in

the ELSA
3 participants with missing
I _E_xilu_d(_a-d_ data of physical activities
(Vigorous , Moderate or Mild)
\ 4

8,554 participants with complete physical
activities (Vigorous , Moderate or Mild)

635 participants with missing
> data of items of frailty index at
baseline

Excluded

7,579 participants with complete baseline data

2,636 participants with missing
> frailty index items and lost
follow-up at Wave 10

Excluded

Y

4,943 participants included in the ELSA

Fig. 1 Selection process of the study population. ELSA, English Longitudinal Study of Ageing

Covariates medication. Ethnicity was categorized as white and non-

The covariates in this study included age, sex, ethnicity,
education, marital status, smoking status, drinking sta-
tus, use of hypertension medication, and use of diabetes

white. Education level was divided into two categories as
high school and above and below high school. Marital
status was classified as married or partnered and other
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marital status (unmarried, separated, divorced, or wid-
owed). Smoking status was divided into three categories
as current smokers, former smokers, and never smokers.
Drinking status was assessed based on the frequency of
drinking in the last 12 months and was categorized as >1
time per month, <1 time per month, and never drink-
ers. Assessment of medication use included whether
the respondent had hypertension medication use and
whether they had diabetes medication use (taking glu-
cose-lowering medication and insulin injections).

The data on coronavirus symptoms comes from the
ELSA COVID-19 Study, which is based on earlier inves-
tigations following the 2020 COVID-19 outbreak. Coro-
navirus symptoms include high temperature, a new
continuous cough, shortness of breath or trouble breath-
ing, fatigue, loss of sense of smell or taste, diarrhoea,
abdominal pain, and loss of appetite. We summarized
these symptoms into a total score ranging from 0 to 8,
indicating the number of coronavirus symptoms experi-
enced by each participant (Supplementary Table S2). This
number of coronavirus symptoms was included as an
additional covariate in the model and reanalyzed.

Statistical analysis

Characteristics of study participants were presented as
means (standard deviations [SD]) or medians (inter-
quartile ranges [IQR]) for continuous measures and as
percentages for categorical variables. The chi-square test
was used for categorical variables, the t-test for normally
distributed variables, and the rank sum test for non-nor-
mally distributed data.

During a mean follow-up period of 3.5 years, we used
logistic regression to calculate odds ratios (ORs) and
95% confidence intervals (95% Cls) to examine the asso-
ciations between the frequency of PAs (mild, moderate,
vigorous, and any intensity) and the comprehensive level
of PA and the frailty worsening or frailty improvement.
To control for the effect of potential confounders on the
study results, two models were constructed for analysis.
These were: Model 1, unadjusted; Model 2, adjusted for
age, sex, ethnicity, education level, marital status, smok-
ing status, drinker status, use of high blood pressure
medication, and use of diabetes medication. Using the
same methodology, we analyzed the association of con-
sistently active PAs with frailty worsening and improve-
ment, using discontinuously active PAs as a reference.
In subgroup analyses, we used fully adjusted models to
explore whether the associations of PA (mild, moderate,
vigorous, and any intensity) and comprehensive PA levels
with frailty worsening or improvement remained stable
across age groups (50—64 versus =65 years) and gender.
In the sensitivity analysis, we constructed a comprehen-
sive PA level based on the categorization in other ELSA
studies and divided it into four groups [49, 50]: inactive,
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low (only mild activity at least once a week), moderate
(at least moderate but no vigorous activity at least once
a week) and high (any vigorous activity at least once a
week).

Data management and statistical analysis were per-
formed using R software (version 4.3.1). All statistical
tests were two-sided, with P less than 0.05 considered
statistically significant.

Results

Characteristics of the study participants

A total of 4943 eligible participants were included in the
study, including 4379 who transitioned from no frailty to
frailty (median [IQR] age: 67 [61, 72] years, 54.9% female)
and 564 who transitioned from frailty to no frailty
(median [IQR] age: 71 [64, 78] years, 66.5% female). As
shown in Table 1, during a mean follow-up period of
3.5 years, the incidence of frailty was 8.1% among par-
ticipants who were non-frail at baseline, while the rate
of improvement in frailty was 17.9% among participants
who were frail at baseline. In addition, participants with
worsening frailty exhibited the following characteris-
tics compared to those without frailty: older age, lower
educational attainment, higher rates of being divorced,
widowed, or unmarried, higher rates of being current or
former smokers, less than 1 alcoholic drink per month,
higher use of antihypertensive and diabetic medications,
and lower rates of vigorous, moderate, or light physical
activity per week. Participants with improved frailty were
more likely to be moderately or mildly physically active at
least once a week compared to those without improved
frailty.

Association between PA frequency and the frailty
worsening

The associations of vigorous, moderate, mild, and any
intensity PA frequency with the frailty worsening dur-
ing a mean follow-up period of 3.5 years are shown in
Table 2. Among participants who were not frail at base-
line, individuals who engaged in any PA at least once
per week had a 68.0% (95% CI: 50.0 —80.0%) lower risk
of frailty worsening compared to those whose frequency
was less than once per week. Compared to participants
who attended less than once a week, vigorous, moder-
ate and mild PA at least once a week were all significantly
associated with lower frailty worsening, with moderate
PA showing the strongest negative association (OR=0.37,
95% CI: 0.29-0.48), followed by mild PA (OR=0.38,
95% CI: 0.26—0.56) and vigorous PA (OR=0.47, 95% CL:
0.35-0.62).
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Table 1 Baseline characteristics of participants transitioning between frailty States (non-frailty to frailty and frailty to non-frailty)

Variables Transition from non-frailty to frailty Transition from frailty to non-frailty
Overall Frailty * Non-frailty®  Pvalue  Overall Frailty * Non-frailty®  Pvalue
Number (%) 4379 355 (8.1) 4024 (91.9) 564 463 (82.1) 101 (17.9)
Age, median (IQR), years 67 (61,72) 71(65,78) 66 (60, 72) <0.001 71 (64,78) 71 (64,78) 70 (64,77) 0472
Sex, n (%) 0.057 0.230
Male 1975 (45.1) 143 (40.3) 1832 (45.5) 189 (33.5) 150 (32.4) 39 (38.6)
Female 2404 (54.9) 212 (59.7) 2192 (54.5) 375 (66.5) 313(67.6) 62 (61.4)
Ethnicity, n (%) 0.149 0.796
Non-White 151 (3.4) 17 (4.8) 134 (3.3) 26 (4.6) 21 (4.5) 5(5)
White 4228 (96.6)  338(95.2) 3890 (96.7) 538(95.4) 442 (95.5) 96 (95)
Education level, n (%) <0.001 0.924
Below high school 630 (14.4) 1(25.6) 539 (134) 182 (32.3) 149 (32.2) 33(32.7)
High school and above 3749 (85.6) 264 (74.4) 3485 (86.6) 382 (67.7) 314 (67.8) 68 (67.3)
Marital status, n (%) <0.001 0.468
Married or partnered 3302 (75.4) 218 (61.4) 3084 (76.6) 328(58.2) 266 (57.5) 62 (61.4)
Other marital status 1077 (246)  137(38.6) 940 (234) 236 (41.8) 197 (42.5) 39 (38.6)
Smoking status, n (%) 0.004 0.073
Current smoker 333(7.6) 35(9.9) 298 (7.4) 58(10.3) 52(11.2) 6(5.9)
Ever smoker 2177 (49.7) 197 (55.5) 1980 (49.2) 324 (57.4) 270 (58.3) 54 (53.5)
Never smoker 1869 (42.7) 123 (34.6) 1746 (43.4) 182 (32.3) 141 (30.5) 41 (40.6)
Drinker status, n (%) <0.001 0.578
<1 per month 572 (13.1) 55 (15.5) 517 (12.8) 124 (22) 100 (21.6) 24 (23.8)
>=1 per month 3387 (77.3) 244 (68.7) 3143 (78.1) 306 (54.3) 249 (53.8) 57 (56.4)
Never drinker 420 (9.6) 56 (15.8) 364 (9) 134 (23.8) 114 (24.6) 20(19.8)
Take HBP medication, n (%) <0.001 0.048
No 3071(70.1) 191 (53.8) 2880 (71.6) 246 (43.6) 193 (41.7) 53(52.5)
Yes 1308 (29.9) 164 (46.2) 1144 (28.4) 318 (56.4) 270 (58.3) 48 (47.5)
Take diabetes medication, n (%) <0.001 0.100
No 4062 (92.8)  292(82.3) 3770(93.7) 440 (78) 355 (76.7) 85 (84.2)
Yes 317(7.2) 63 (17.7) 254 (6.3) 124 (22) 108 (23.3) 16 (15.8)
Vigorous PA, n (%) <0.001 0.485
<1 per week 2622(59.9) 286 (80.6) 2336 (58.1) 528(93.6) 435 (94) 93(92.1)
> 1 per week 1757 (40.1) 69 (19.4) 1688 (41.9) 36 (6.4) 28 (6) 8(7.9)
Moderate PA, n (%) <0.001 0.001
<1 per week 556 (12.7) 110 (31) 446 (11.1) 363 (64.4) 312 (67.4) 51 (50.5)
> 1 per week 3823 (87.3) 245 (69) 3578 (88.9) 201 (35.6) 151 (32.6) 50 (49.5)
Mild PA, n (%) <0.001 0.002
<1 per week 232(5.3) 44 (12.4) 188 (4.7) 139 (24.6) 126 (27.2) 13(12.9)
> 1 per week 4147 (94.7) 311 (87.6) 3836 (95.3) 425 (75.4) 337(72.8) 88 (87.1)
PA (Any), n (%) <0.001 0.007
<1 per week 124 (2.8) 32(9) 92 (2.3) 131 (23.2) 118 (25.5) 13(129)
>1 per week 4255(972)  323(91) 3932(97.7) 433 (76.8) 345 (74.5) 88 (87.1)
PA levels <0.001 0.007
Inactive 124 (2.8) 32(9) 92 (2.3) 31(23.2) 118 (25.5) 13(129)
Low 390 (8.9) 75(21.0) 315(7.8) 219 (38.8) 183 (39.5) 36 (35.6)
Moderate 2108 (48.1) 179 (50.4) 1929 (47.9) 78 (31.6) 134 (28.9) 44 (43.6)
High 1757 (40.1)  69(194) 1688 (41.9) 36 (6.4) 28 (6) 8(7.9)

2 The frailty status of the participants in wave 10

HBP, high blood pressure; PA, Physical activity

Association between PAs frequency and the frailty

improvement

Table 3 shows the association between the frequency
of vigorous, moderate, mild, and any PA and frailty

improvement over a mean follow-up of 3.5 years. Indi-
viduals who engaged in any PA at least once per week
had a 160% (95% CI: 36 —396%) increased odds of frailty
improvement compared to participants who engaged
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Table 2 Association between PA frequency and frailty

worsening
Variables Model 1 Model 2
OR (95% Cl) P OR (95% Cl) P

Vigorous PA

<1 perweek 1 (Reference) 1 (Reference)

>1 perweek 0.33(0.25-044) <0.001 047(035-0.62) <0.001
Moderate PA

<1 perweek 1 (Reference) 1 (Reference)

>1 perweek 0.28(0.22-0.35) <0.001 0.37(0.29-048) <0.001
Mild PA

<1 perweek 1 (Reference) 1 (Reference)

>1 perweek 0.35(0.24-049) <0.001 0.38(0.26-0.56) <0.001
PA (Any)

<1 perweek 1 (Reference) 1 (Reference)

>1 perweek 0.24(0.16-0.36) <0.001 0.32(0.20-0.50) <0.001

Model 1: Unadjusted

Model 2: Adjusted for age, sex, ethnicity, education level, marital status,
smoking status, drinker status, use of high blood pressure medication, and use
of diabetes medication

PA, Physical activity

Table 3 Association between PA frequency and frailty

improvement
Variables Model 1 Model 2
OR (95% Cl) P OR (95% Cl) P

Vigorous PA

<1 perweek 1 (Reference) 1 (Reference)

>1 perweek 1.34(059-3.03) 0487 1.24(0.54-2.88) 0613
Moderate PA

<1 perweek 1 (Reference) 1 (Reference)

>1perweek 203(1.31-3.13) 0.002 204 (1.29-321) 0.002
Mild PA

<1 perweek 1 (Reference) 1 (Reference)

>1 perweek 253(1.37-4.69) 0.003 293(1.54-558) 0.001
PA (Any)

<1 perweek 1 (Reference) 1 (Reference)

>1 perweek 232(1.25-430) 0.008 260(1.36-4.96) 0.004

Model 1: Unadjusted

Model 2: Adjusted for age, sex, ethnicity, education level, marital status,
smoking status, drinker status, use of high blood pressure medication, and use
of diabetes medication

PA, Physical activity

in any PA less than once per week. Except for vigorous
PA (OR=1.24, 95% CI: 0.54-2.88), both moderate and
mild PA, which was engaged in at least once a week,
were significantly associated with higher rates of frailty
improvement compared to individuals who engaged in
PA less than once a week. Of these, mild PA showed the
highest rate of frailty improvement (OR=2.93, 95% CL:
1.54-5.58), followed by moderate PA (OR=2.04, 95% CI:
1.29-3.21).
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Subgroup analysis

To further explore the stability of the association between
PA and frailty transition across population character-
istics, including age and sex, subgroup analyses were
conducted in this study (Table 4). Results showed that
individuals who engaged in vigorous, moderate, mild, or
any PA at least once per week had a significantly lower
risk of frailty worsening than individuals who engaged in
PA less than once per week. The associations remained
stable across age groups (50—64 and >65 years) and sex
(male and female) (All P for interaction>0.05). Regard-
ing frailty improvement, individuals who engaged in
moderate, mild, or any PA at least once a week were
associated with higher frailty improvement compared
to participants who engaged in it less than once a week,
and this remained stable across age groups (50-64
and >65 years) and gender (male and female) (All P for
interaction > 0.05).

Sensitivity analysis

Supplementary Table S3-5 shows the results of the sen-
sitivity analyses. In general agreement with the main
analyses, similar results were found in these sensitivity
analyses. Results showed that participants with moder-
ate levels (OR=0.32, 95% CI: 0.20-0.51) and high levels
(OR=0.19, 95% CI: 0.11-0.31) of PA had a significantly
lower risk of frailty worsening compared to inactive par-
ticipants, and although the effect of low levels of PA did
not reach statistical significance, its estimate of 0.70 has
a tendency to move toward lower frailty worsening risk
(Supplementary Table S3). In terms of frailty improve-
ment, participants with low (OR=2.06, 95% CI: 1.02—
4.15) and moderate levels (OR =3.30, 95% CI: 1.65—6.63)
of PA had a higher rate of frailty improvement compared
to inactive participants (Supplementary Table S4). In
addition, as shown in Supplementary Table S5, the asso-
ciation of PA levels with worsening frailty was consistent
across age and sex (All P for interaction >0.05). Similarly,
the association between PA levels and frailty improve-
ment was consistent across age and gender (All P for
interaction > 0.05). Subsequently, in analyzing the associ-
ation between PA levels and worsening or improvement
in frailty, we included coronavirus symptoms as a covari-
ate in the model, and the results were consistent with
previous analyses (Supplementary Tables S6-S8).

In analyzing the association between vigorous, mod-
erate, and mild PA and worsening or improvement in
frailty, we further included coronavirus symptoms as
covariates in the model and reanalyzed them (Supple-
mentary Tables S9-S10). Consistent with the results of
the main analysis, these sensitivity analyses found similar
results. In the association between PA and frailty worsen-
ing, results showed that participants with vigorous, mod-
erate, and mild PA frequency of at least once a week had
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Table 4 Subgroup analysis
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Table 5 Association between PA changes and frailty worsening

Variables Transition from non-frailty Transition from frailty
to frailty to non-frailty
OR(95%  Pfor OR(95%  Pforin-
Cl) interaction q) teraction
Vigorous PA
Age 0.682 0.545
50-64 053 067
(0.31-0.87) (0.03-5.05)
>=65 041 138
(0.29-0.57) (0.52-3.33)
Sex 0.670 0.697
Male 047 126
(0.31-0.70) (0.25-4.90)
Female 041 1.28
(0.27-0.59) (0.39-3.58)
Moderate PA
Age 0.864 0.833
50-64 0.37 192
(0.22-0.65) (0.76-4.90)
>=65 034 209
(0.25-0.46) (1.23-3.56)
Sex 0.894 0.392
Male 0.35 1.71
(0.23-0.54) (0.77-3.75)
Female 0.35 2.16
(0.25-0.49) (1.21-3.90)
Mild PA
Age 0.871 0.186
50-64 032 168
(0.16-0.73) (0.58-5.46)
>=65 0.39 3.81
(0.25-0.60) (1.75-9.58)
Sex 0.401 0.784
Male 0.34 2.69
(0.21-0.55) (1.14-7.05)
Female 047 2.84
(0.26-0.88) (1.16-8.60)
PA (Any)
Age 0917 0.143
50-64 026 134
(0.11-0.72) (0.46-4.35)
>=65 0.31 3.51
(0.19-0.53) (1.61-8.85)
Sex 0.190 0.643
Male 0.23 213
(0.13-043) (0.89-5.62)
Female 042 2.72
(0.22-0.87) (1.10-8.25)

All analyses were adjusted for age, sex, ethnicity, education level, marital status,
smoking status, drinker status, use of high blood pressure medication, and use
of diabetes medication

PA, Physical activity

Model 1 Model 2
OR(95%Cl) P OR(95%Cl) P

Variables n

Vigorous PA

Inactive 2202 1 (Reference) 1 (Reference)

Inactive 418 0.27 <0.001 035 <0.001
to Active (0.16-045) (0.20-0.60)

Activeto 757 053 <0.001 065 0.008
Inactive (0.39-0.72) (0.47-0.89)

Con- 1000 0.12 <0.001 0.20 <0.001
sistently (0.08-0.20) (0.12-0.33)
active
Moderate PA

Inactive 231 1 (Reference) 1 (Reference)

Inactive 324 029 <0.001 036 <0.001
to Active (0.19-045) (0.22-0.56)

Activeto 557 057 0.002 064 0.016
Inactive (041-0.81) (0.44-0.92)

Con- 3265 0.09 <0.001 0.13 <0.001
sistently (0.07-0.13) (0.09-0.19)
active
Mild PA

Inactive 58 1 (Reference) 1 (Reference)

Inactive 174 044 0.022 053 0.095
to Active (0.22-0.89) (0.25-1.12)

Activeto 380 0.59 0.098 0.61 0.148
Inactive (0.32-1.10) (0.32-1.19)

Con- 3765 0.16 <0.001 020 <0.001
sistently (0.09-0.29) (0.11-0.38)
active

Model 1: Unadjusted

Model 2: Adjusted for age, sex, ethnicity, education level, marital status,
smoking status, drinker status, use of high blood pressure medication, and use
of diabetes medication

PA, Physical activity

a lower risk of frailty worsening (Supplementary Table
S9). In the association between PA and frailty improve-
ment, results showed that participants with moderate
and mild PA frequency of at least once a week had better
frailty improvement (Supplementary Table S10).

Association between consistent PAs and frailty

In the Wave 10 survey, among participants without
frailty at baseline, 1,000 participants (22.8%) had con-
sistently active vigorous PA, 3,265 participants (74.6%)
had consistently active moderate PA, and 3,765 partici-
pants (86.0%) had consistently active mild PA. In terms
of vigorous PA, compared to inactive participants, inac-
tive to active (OR=0.35, 95% CI: 0.20-0.60), active to
inactive (OR=0.65, 95% CI: 0.47-0.89), and continuously
active (OR=0.20, 95% CI: 0.12—-0.33) participants had a
lower risk of frailty worsening (Table 5). For moderate
PA, participants who were inactive to active (OR=0.36,
95% CI: 0.22-0.56), active to inactive (OR =0.64, 95% CI:
0.44-0.92), and persistently active (OR=0.13, 95% CI:
0.09-0.19) similarly showed demonstrated a lower risk of
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frailty worsening. However, in mild PA, only consistently
active participants had a lower risk of frailty worsening
compared to inactive participants (OR=0.20, 95% CI:
0.11-0.38).

Of the participants with frailty at baseline, 112 partici-
pants (19.9%) had consistently active moderate PA, and
312 participants (55.3%) had consistently active mild PA.
Participants with consistently mild (OR=4.65 95% CI:
1.90-11.42) or moderate (OR=3.43, 95% CI: 1.93-6.11)
PA showed a higher frailty improvement compared to
inactive participants (Table 6).

Subsequently, we also included coronavirus symp-
toms as covariates for reanalysis (Supplementary Tables
S11-S12). We found the results of the reanalysis to be
consistent with the results of the main analysis. In the
association between PA changes and frailty worsening,
results showed that participants who were consistently
active (vigorous, moderate, and mild PA), inactive to
active (vigorous and moderate PA), and active to inac-
tive (vigorous PA) were significantly associated with a
lower risk of frailty worsening compared to those who
were inactive (Supplementary Table S11). In the asso-
ciation between PA change and frailty improvement,
results showed that participants who were consistently
active (moderate and mild PA) had better rates of frailty
improvement compared to those who were inactive (Sup-
plementary Table S12).

Discussion

The main finding of this study highlights the important
role of PA in frailty transitions, particularly in the recip-
rocal transitions between non-frail and frail states. This
study, based on a nationally representative sample of
middle-aged and older people, found that engaging in
vigorous, moderate, and mild PA at least once per week
was associated with a significantly lower frailty worsening
compared with individuals who engaged in PA less than
once per week. It was also observed that in addition to
vigorous PA, moderate and mild PA with participation at
least once a week was significantly associated with higher
rates of frailty improvement. Subgroup analyses showed
that the association between the frequency of PA of dif-
ferent intensities and the worsening or improvement
of frailty was consistent across age groups and sex. The
results of the sensitivity analysis were generally consis-
tent with the main analyses. In addition, we further dem-
onstrated that consistent PA engagement was not only
associated with a lower frailty worsening, but also con-
tributed to frailty improvement in frail individuals over
an average of 3.5 years of follow-up. Our study also found
that among participants who transitioned from inactive
to active, moderate and vigorous PA, except for mild PA,
were significantly associated with a lower risk of frailty
worsening. These findings provide important support for
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Table 6 Association between PA changes and frailty
improvement
Variables n

Model 1
OR (95% ClI) P

Model 2
OR (95% ClI) P

Moderate PA

Inactive 277 1 (Reference) 1 (Reference)

Inactive 86 196 0.038 1.86 0.067
to Active (1.04-3.69) (0.96-3.59)

Activeto 89 150 0.232 1.51 0.234
Inactive (0.77-2.91) (0.77-2.98)

Consis- 112 336 <0.001 343 <0.001
tently active (1.96-5.77) (1.93-6.11)
Mild PA

Inactive 92 1 (Reference) 1 (Reference)

Inactive 47 251 0.118 2.35 0.157
to Active (0.79-7.95) (0.72-7.64)

Activeto 113 272 0.043 319 0.022
Inactive (1.03-7.16) (1.18-8.64)

Consis- 312 415 0.001 465 <0.001
tently active (1.74-9.89) (1.90-11.42)

Model 1: Unadjusted

Model 2: Adjusted for age, sex, ethnicity, education level, marital status,
smoking status, drinker status, use of high blood pressure medication, and use
of diabetes medication

PA, Physical activity

healthcare planning and provide evidence for the use of
PA in the prevention and management of frailty in mid-
dle-aged and older people. The study of the association
between pre-pandemic PA levels and the worsening or
improvement of frailty during a pandemic can help to
identify high-risk groups and inform the development
of effective interventions to reduce the health burden of
future pandemics concerning frailty.

Previous studies have demonstrated a negative correla-
tion between PA and risk of frailty. A longitudinal study
from Singapore found that mild PA (e.g., housework) was
significantly associated with a lower incidence of frailty
in older people [33]. Another longitudinal cohort study
from the UK found that mild PA was associated with a
reduced risk of type 2 diabetes in older people [48]. Our
findings similarly suggested that mild PA was effective in
reducing the incidence of frailty in middle-aged and older
people, further emphasizing the importance of mild PA
in the management of frailty in middle-aged and older
people. A cross-sectional study of 638 older people aged
70 years or older showed that longer PA engagement, less
sedentary time, and more frequent PA were significantly
associated with a lower prevalence of frailty [51]. Addi-
tionally, a study involving 511 older people in the commu-
nity also found that healthy peers engaged in moderate
to vigorous PA for longer periods compared to frail or
pre-frailty individuals [52]. Our findings also suggest that
the frequency of PA of different intensities (mild, mod-
erate, and vigorous) significantly reduces the incidence
of frailty when performed at least once a week. In terms
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of comprehensive PA levels, participants at moderate
to high levels of PA demonstrated a lower risk of frailty
worsening compared to inactive individuals. Addition-
ally, our study found that consistent participation in PA,
regardless of intensity (whether mild, moderate, or vigor-
ous) significantly reduces the risk of frailty worsening in
middle-aged and older adults. This suggests that, prior to
the pandemic, more frequent engagement in PA at vari-
ous intensities can effectively prevent the frailty worsen-
ing, while maintaining regular PA habits further helps to
reduce frailty worsening. We found that participants who
transitioned from inactive to active had a lower risk of
frailty worsening, suggesting that even transitioning from
an inactive state to an active one can significantly reduce
the risk of frailty worsening. This result further supports
the crucial role of PA in frailty prevention and highlights
the long-term benefits of early intervention through PA
to reduce frailty risk.

The dynamic nature of frailty means that intervention
at the right time has the potential to reverse this state
[53, 54]. A study from China showed that maintaining
a healthy sleep pattern during an 8-year median follow-
up period was significantly associated with an increased
likelihood of frailty improvement [55]. Another UK lon-
gitudinal cohort study found a significant association
between increased vitamin D levels and the transition
from frailty to health [56]. However, studies on frailty
improvement are still relatively rare, especially for mid-
dle-aged and older people, and the role of PA in frailty
improvement has not been fully explored. In our study,
we found that middle-aged and older people who per-
formed moderate or mild PA at least once a week were
more likely to improve frailty. In addition, middle-aged
and older people with low to moderate levels of compre-
hensive PA showed higher rates of frailty improvement.
Regular moderate-intensity PA improves all aspects of
human health and is widely recognized as an effective
strategy for preventing and treating many diseases [57].
A study of older people found that low-intensity activity
increased deep sleep and improved memory functioning
[58]. Another study of dialysis patients showed that a per-
sonalized low-intensity home exercise program not only
improved their physical performance but also positively
impacted their cognitive functioning and the quality of
their social interactions [59]. Despite the controversy
regarding the effects of low-intensity PA on physical
health, our study further confirmed that low-intensity
PA plays an important role in the frailty worsening and
frailty improvement. In addition, our study found that
consistent performance of low- and moderate-intensity
PA had equally significant positive effects on improving
frailty in a population of middle-aged and older people.

Although our study found that the OR between vig-
orous PA and frailty improvement was 1.23 and did not
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reach statistical significance and that from a physiologi-
cal point of view, resistance exercises of low to moder-
ate intensity, as well as a moderate amount of resistance
exercise, have a clear advantage in terms of safety, effi-
cacy, and acceptability in older frail patients [60]. How-
ever, this does not mean that vigorous PA lacks benefits
for frailty groups. In fact, implementing targeted vigor-
ous PA interventions for frailty will help them improve.
An RCT involving 94 frail older people found that 10
weeks of high-intensity progressive resistance training
significantly improved participants’ muscle strength and
gait speed [61]. Another RCT study of 161 frailty older
people also showed that 12 weeks of high-intensity resis-
tance training was not only effective in improving muscle
strength in older people but also significantly improved
gait speed [60]. Therefore, we believe that moderate plan-
ning and implementation of high-intensity exercise inter-
ventions, while ensuring safety, should be considered as
an important strategy to enhance the health status of
frailty individuals in middle-aged and older adults.

The evidence for the health benefits of exercise for
middle-aged and older people is well established. A
meta-analysis based on a non-clinical adult population
showed that even when running was performed only
once per week, individuals who participated in running
significantly reduced all-cause mortality, cardiovascu-
lar mortality, and cancer mortality compared to those
who did not run [44]. Moreover, another meta-analysis
further found that physically active older people had a
significantly lower risk of all-cause mortality, cardio-
vascular disease, breast and prostate cancer, bone frac-
tures, recurrent falls, impairment in activities of daily
living, functional limitations, cognitive decline, demen-
tia, Alzheimer’s disease, and depression [62]. It has been
well evidenced that exercise promotes positive physi-
ological adaptive responses by maintaining and restoring
homeostasis of the organism’s internal environment at
the organismal, tissue, cellular, and molecular levels [57].
These adaptive changes not only help to improve overall
health but are also effective in preventing the onset of
many pathologies. In addition, the amount of exercise is
an important factor influencing intracellular processes
of muscle anabolism and is also the most easily modi-
fied variable affecting the function of the major muscles,
with important implications for muscle hypertrophy and
health [63]. Even in cases where individuals are unable or
unwilling to undergo relatively high-intensity resistance
training, there are still significant health benefits associ-
ated with relatively high-volume training [60].

Our study has significant advantages. First, to our
knowledge, this is the first analysis of the association
between different intensities of PA before the COVID-19
pandemic and the worsening or improvement of frailty
during the pandemic. This study provided an important
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basis for identifying high-risk groups and provided sci-
entific support for developing effective interventions to
reduce the health burden of frailty in future pandemics.
Second, this study is based on nationally representative
longitudinal cohort data, which allows for more accu-
rate inferences of causality. Third, we also conducted a
concurrent study on the association between the level of
comprehensive PA and the worsening or improvement of
frailty, which further enriched the research on the asso-
ciation between PA and frailty. Fourth, this study pro-
vided individuals with an empirical evidence base on the
association between dynamic PA and frailty transition.
We found that consistent participation in PA (at least
once per week) significantly improved health regardless
of intensity. In addition, we found that participants who
transitioned from inactive to active also exhibited a lower
risk of frailty worsening, further emphasizing the impor-
tant role of physical activity in frailty prevention. Finally,
we included the number of coronavirus symptoms from
the follow-up survey as a covariate and re-conducted
all analyses, with the results consistent with the main
analysis.

This study also has some limitations. First, self-
reported data inevitably suffer from recall bias. Second,
in this study, we categorized frailty into two levels with-
out further subdividing it into pre-frailty stages. Third,
since PA of different intensities was only categorized into
two levels, it was not possible to precisely calculate the
amount of exercise suitable for middle-aged and older
people. Therefore, we constructed a comprehensive PA
level by combining PA of different intensities to further
validate the association between PA and frailty. Finally,
this study focused specifically on middle-aged and older
people aged 50 and over in the UK. The findings may not
apply to younger age groups or other races/ethnicities
due to differences in the underlying cultural and genetic
backgrounds of this particular population.

Conclusion

In conclusion, this study suggested that performing PA
of different intensities at least once a week was associ-
ated with a significant reduction in the risk of frailty
worsening in middle-aged and older people. In addition,
moderate or mild PA at least once a week was strongly
associated with frailty improvement in middle-aged and
older people. Our study further emphasized the impor-
tance of maintaining PA habits, especially during a pan-
demic, and that engaging in regular physical activity is an
effective strategy that can significantly reduce the risk of
frailty and promote health recovery. Also, the study indi-
cates that individuals who transitioned from inactive to
active had a lower risk of frailty. The findings not only
enriched the understanding of the association between
PA and frailty but also provided a valuable rationale for
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public health interventions, particularly in addressing the
health impact of future pandemics on middle-aged and
older people populations.
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