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Abstract

Objectives: To investigate associations between leisure-time physical activity (LPA) and injurious falls in older women and
explore modification of associations by physical function and frailty.
Methods: Women born during 1946–51 from the Australian Longitudinal Study on Women’s Health, injurious falls (self-
reported fall with injury and/or medical attention) and self-reported weekly LPA (duration and type). We undertook cross-
sectional and prospective analyses using data from 2016 [n = 8,171, mean (SD) age 68 (1)] and 2019 surveys (n = 7,057).
Associations were quantified using directed acyclic graph-informed logistic regression and effect modification examined using
product terms.
Results: Participation in LPA as recommended by World Health Organization (150–300 min/week) was associated with
lower odds of injurious falls in cross-sectional (adjusted Odds Ratio (OR) 0.74, 95% CI 0.61–0.90) and prospective analyses
(OR 0.75, 95% CI 0.60–0.94). Compared with those who reported no LPA, cross-sectionally, odds of injurious falls were
lower in those who reported brisk walking (OR 0.77, 95% CI 0.67–0.89) and vigorous LPA (OR 0.86, 95% CI 0.75–1.00).
No significant association was found between different types of LPA and injurious falls prospectively. Only cross-sectionally,
physical function limitation and frailty modified the association between LPA and injurious falls, with tendencies for more
injurious falls with more activity in those with physical limitation or frailty, and fewer injurious falls with more activity among
those without physical function limitation or frailty.
Conclusion: Participation in recommended levels of LPA was associated with lower odds of injurious falls. Caution is required
when promoting general physical activity among people with physical limitation or frailty.
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Key Points

• Participation in World Health Organization (WHO) guideline recommended level of physical activity was associated with
fewer injurious falls in older women.

• Physical function limitation and frailty modified the association between leisure-time physical activity and injurious falls.
• Leisure-time physical activity was associated with fewer injurious falls in those without physical function limitation or

frailty.
• There are tendencies for more injurious falls with more activity in those with physical limitation or frailty.
• Caution is warranted in the promotion of leisure-time physical activity among women with physical limitation or frailty.

Introduction

There is an increasing trend of hospitalisation for fall-related
injuries among people aged 65+, with three-quarters of all
injury-related hospitalisations resulting from a fall [1]. The
consequences of injurious falls can be detrimental leading
to additional care for rehabilitation, dependency in activities
of daily living, activity avoidance, and decline in physical
function [1–3].

Promoting physical activity (PA) has been one of
the global actions for ageing well [4]. According to the
World Health Organization (WHO), older adults are
recommended to undertake 150–300 min of moderate-
intensity PA per week [5, 6]. Structured exercise reduces falls
and fall-related injuries in community-dwelling people aged
60+ [7, 8]. However, the availability of and adherence to
structured exercise programmes is sub-optimal [9]. Greater
participation in leisure-time physical activity (LPA) among
older adults would bring many health benefits but LPA’s
association with injurious falls is not well understood.

Inconsistent associations between overall PA and falls and
injurious falls have been reported [10–14]. One systematic
review of prospective cohort studies found inconclusive asso-
ciations between PA levels and falls [13]. In contrast, another
systematic review of both cross-sectional and prospective
cohort studies showed PA was associated with a lower risk
of falls and injurious falls [14]. These inconsistent findings
may be explained by the heterogeneity among the included
studies, including duration and frequency of follow-up (e.g.
weekly versus yearly), and the method of falls data collection
(e.g. falls calendar versus delayed recall). Variable analyses
methods may contribute to inconsistent findings as some
studies have used cross-sectional analysis examining the asso-
ciation between PA and falls at one specific timepoint while
others have undertaken prospective analysis examining PA
at baseline and falls at the follow-up. Findings are incompa-
rable as studies have been performed in different cohorts of
different ages with different functional capacities. Moreover,
frailty and physical function are associated with both LPA
and injurious falls [15, 16]. Insufficient evidence was avail-
able to determine whether the relationship between PA and
injurious falls varies by different levels of physical function
or mobility limitation [17]. Although previously using data
from 1999 and 2002 surveys of the Australian Longitudi-
nal Study on Women’s Health (ALSWH), no prospective
association between no or very low LPA and injurious falls

was evident, prospective associations were evident between
at least moderate to vigorous LPA and reduced falls; in this
study, there was no consideration of the impact of frailty
and physical function limitation on the associations [10].
Thus, using a prospective and cross-sectional data from the
ALSWH cohort, we aimed to

• examine the associations between different amounts and
types of LPA and injurious falls; and

• assess whether physical function limitation or frailty mod-
ifies the association between different types of LPA and
injurious falls.

Method

Data source

The ALSWH is an ongoing population-based study which
began in 1996 with three samples of women born within the
years 1921–26, 1946–51 and 1973–78 (initial response rate
37–40, 53–56 and 41–42%, respectively), randomly selected
from Medicare, the national health insurance database [18–
20]. Rural and remote areas were intentionally oversampled
to ensure good representation of these women [18]. Par-
ticipants responded to follow-up surveys in 1998 and then
every three years thereafter. To understand the cross-sectional
associations between LPA and injurious falls among women
of older age, our study used data from the 1946–51 cohort
(n = 13,714; aged 45–50 years at baseline) who returned
2016 survey (n = 8,622, aged 65–70 years). Prospective asso-
ciations were examined by using LPA at the 2016 survey and
injurious falls at the 2019 survey.

Exposure: amount and types of LPA

LPA was measured using a validated version of the Active
Australia National Physical Activity survey [21]. Participants
self-reported frequency and total duration of LPA in the past
week including (i) walking briskly (for recreation or exercise
or to get from place to place); (ii) moderate leisure activity
(e.g. social tennis, moderate exercise classes, recreational
swimming); and (iii) vigorous leisure activity that makes
one breathe harder or puff and pant (e.g. aerobics, vigorous
cycling, running, swimming).

Amount of LPA per week was the sum of total duration
of walking briskly, moderate and vigorous LPA, and
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was categorised into: zero, 1 to <150, 150 to <300
and ≥ 300 min. The 150- and 300-min cut-off were used
according to WHO’s recommended targeted duration of
moderate-intensity activity [6]. In 2019 survey, participants
additionally reported involvement of strength or toning
activities. Participating in the abovementioned LPA and
any LPA were dichotomised (yes/no). LPA involvement
were considered if the participants had a non-zero response
to either the frequency and/or total duration of the
corresponding activity.

Outcome: injurious falls

Participants’ responses were dichotomised (yes/no) based
on the self-reported response to the two questions: in the
last 12 months whether (i) been injured from a fall and
(ii) needed to seek medical attention for an injury from
a fall. Participants who gave a positive response to either
question were considered as people who had injurious falls.
Participants who had reported a fall to the ground without
a positive response to the abovementioned questions were
considered as people with non-injurious falls. The type of
injury was not recorded in the surveys.

Frailty

Frailty was assessed by the five components: fatigue,
resistance, ambulation, illness and loss of weight [22].
Participants were classified as frail if more than two
positive responses were recorded out of the five components
(Supplementary Table 1) [23]. This approach has previously
been validated in the ALSWH 1946–51 cohort [24].

Physical function limitation

Participants were classified as having physical function lim-
itation if they reported limitation in climbing one flight of
stairs and/or walking 100 m, which is commonly defined in
cohort studies in assessing physical function [25, 26].

Potential covariates

Potential confounders were identified using expert knowl-
edge and the literature, and incorporated into a directed
acyclic graph (DAG) before performing any analysis
using DAGitty, version 3.0 (Supplementary Figure 1)
[27]. Supplementary Information 1 shows the statistical
procedures in selecting a minimum sufficient set of variables
for confounding the exposure-outcome relationship. These
variables include age, highest education completed, ability to
manage income, Accessibility Remoteness Index of Australia
scale (ARIA+) [28] and housing type.

Statistical analysis

Univariate and multivariable logistic models [29] were used
to examine relationship between different amounts and types
of LPA and injurious falls cross-sectionally (2016 survey) and
prospectively (LPA at 2016 survey; injurious falls at 2019

survey). Multivariable models included the covariates iden-
tified from the minimally sufficient adjustment set. Effect
modifications were examined for physical function limita-
tion and frailty on the association between any and different
types of LPA and injurious falls. To establish the consistency
of the findings between surveys, additional analyses were per-
formed to examine the cross-sectional association between
LPA and injurious falls in 2019 survey. Statistical analyses
were undertaken using SAS v9.4 (x64), SAS Institute, Inc.,
Cary, NC. P-values were considered statistically significant
at P < 0.05.

Results

Of those eligible for 2016 survey (n = 10,716), 8,622
participants (80.5%) who returned the survey were eligible
for inclusion in the analyses. Women with missing exposure
(n = 126), outcome (n = 89), physical function limitation
(n = 39) and covariates (n = 197) were excluded (Figure 1).
The final analytical sample size was 8,171 for cross-sectional
and 7,057 for prospective analyses (Figure 1). Table 1
presents the characteristics of the included women (mean
age (SD) 68 (1)).

Associations between LPA and injurious falls

Overall, 26% of the women (n = 2,137) reported a fall in
the previous 12 months at 2016 survey, and more than half
(55%) of these were injurious falls (n = 1,177).

Results from cross-sectional analyses

Primary cross-sectional analyses in 2016 showed various
amounts and types of LPA participation were associated
with lower odds of injurious falls, except borderline signif-
icance for moderate-vigorous LPA (OR 0.86, 95% CI 0.73–
1.01) (Table 2), compared with no LPA. After adjusting
for potential confounders, the associations between different
amounts of LPA and injurious falls remained, with the lowest
odds among women with ≥300 min of LPA (OR 0.63,
95% CI 0.53–0.75) (Table 2). Lower odds of injurious falls
were found for those involved in any LPA, brisk walking
and vigorous LPA, with borderline significance in moderate
LPA (OR 0.89, 95% CI 0.78–1.01), compared with no
LPA (Table 2). Additional cross-sectional analyses in 2019
survey (n = 7,540, Supplementary Figure 2) showed broadly
similar results with lower odds of injurious falls in vari-
ous amounts and types of LPA (Supplementary Table 2).
Strength or toning exercise in 2019 was associated with lower
odds of injurious falls (OR 0.84, 95% CI 0.73–0.97), with
similar association after adjusting for potential confounders
(Table 2).

Results from prospective analyses

At the 2019 survey, 1,009 of the 7,057 women reported
injurious falls. Compared with no LPA as reported in 2016,
participation in 150 to <300 and ≥ 300 min of LPA were
both associated with lower odds of injurious falls in 2019
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Figure 1. Sample selection flowchart. aThe percentage was calculated based on the number of participants eligible in survey 8 (2016)
(n = 10,716). bThe percentage was calculated based on the number of participants completed survey 8 (n = 8,622). cThe percentage
was calculated based on the number of participants responded to both survey 8 and survey 9 (2019) (n = 7,164).

(Table 2). After adjusting for potential confounders, only
those with 150 to <300 min of LPA had lower odds of
prospective injurious falls (OR 0.75, 95% CI 0.60–0.94),
with borderline significance in those with ≥300 min of LPA
(OR 0.84, 95% CI 0.70–1.02), compared with no LPA
(Table 2). For the different types of LPA, those with any LPA

and brisk walking had lower odds of injurious falls; however,
only any LPA remained significant after adjusting for poten-
tial confounders (OR 0.83, 95% CI 0.70–1.00) (Table 2).
No association was found between moderate and moderate-
vigorous LPA and subsequent injurious falls. Vigorous LPA
had a borderline association with subsequent injurious falls
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Table 1. Characteristics of participants (1946–51 born cohort) overall and by level of frailty and limitation in physical
function in 2016 survey in the Australian Longitudinal Study on Women’s Health

Total Fraila Non-frail Limitation in
physical functionb

No limitation in
physical function

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
(n = 8,171) (n = 912) (n = 7,259) (n = 2,040) (n = 6,131)

Age, years, mean (SD) 68 (1) 68 (1) 68 (1) 68 (1) 68 (1)
Location (ARIA+), n (%)

Majorities of Australia 3,209 (39) 320 (35) 2,889 (40) 768 (38) 2,441 (40)
Inner regional of Australia 3,306 (40) 362 (40) 2,944 (41) 793 (39) 2,513 (41)
Regional (Outer regional, remote and very remote Australia) 1,656 (20) 230 (25) 1,426 (20) 479 (23) 1,177 (19)

Housing arrangement, n (%)
House/unit/apartment/villa/townhouse 7,764 (95) 836 (92) 6,928 (95) 1,894 (93) 5,870 (96)
Caravan/mobile home/retirement village/hostel/residential aged care 407 (5) 76 (8) 331 (5) 146 (7) 261 (4)

Education, n (%)
No formal education 1,020 (12) 186 (20) 834 (11) 404 (20) 616 (10)
School or intermediate certificate 2,003 (25) 249 (27) 1,754 (24) 555 (27) 1,448 (24)
Higher school or leaving certificate 1,575 (19) 164 (18) 1,411 (19) 398 (20) 1,177 (19)
University degrees of above 1,731 (21) 113 (12) 1,618 (22) 266 (13) 1,465 (24)
Others 1,842 (23) 200 (22) 1,642 (23) 417 (20) 1,425 (23)

Ability to manage income, n (%)
Impossible 125 (2) 47 (5) 78 (1) 59 (3) 66 (1)
Difficult always 615 (8) 177 (19) 438 (6) 307 (15) 308 (5)
Difficult sometimes 1,658 (20) 253 (28) 1,405 (19) 523 (26) 1,135 (19)
Not too bad 3,974 (49) 346 (38) 3,628 (50) 904 (44) 3,070 (50)
Easy 1799 (22) 89 (10) 1710 (24) 247 (12) 1,552 (25)

Frailtyb, n (%)
Fatiguec 3,802 (47) 892 (98) 2,910 (40) 1,606 (79) 2,196 (36)
Resistancec 1,943 (24) 871 (96) 1,072 (15) 1,943 (96) 0 (0)
Ambulationc 885 (11) 724 (80) 161 (2) 885 (44) 0 (0)
Illness ≥ 5 conditions 305 (4) 213 (23) 92 (1) 199 (10) 106 (2)
Loss of weight ≥ 5%c 1,098 (15) 282 (36) 816 (13) 296 (17) 802 (15)

Fall reported in the last surveyc,d, n (%) 2,137 (26) 392 (43) 1745 (24) 772 (38) 1,365 (22)
Leisure physical activity participation, n (%)

No leisure physical activity 1,442 (18) 473 (52) 969 (13) 815 (40) 627 (10)
Any leisure physical activity 6,729 (82) 439 (48) 6,290 (87) 1,225 (60) 5,504 (90)

Data presented in mean (SD) unless specified; ARIA+, Accessibility Remoteness Index of Australia; FRAIL, Fatigue, Resistance, Ambulation, Illness, Loss of weight.
aWomen were classified as frail if more than two positive responses were recorded out of the five components bWomen had limitation in physical function if they
responded ‘limited a lot’ or ‘limited a little’ in climbing one flight of stairs and/ or walking 100 m. cMissing data in body mass index (n = 380), fatigue (n = 26),
resistance (n = 42), ambulation (n = 34), loss of weight (n = 1,007), history of falls (n = 26) dFall reported in the last survey was first retrieved from survey 7 (2013).
To minimise missing information, if participants did not respond to falls questions in survey 7 (2013), previous survey 6 (2010) was used. If there were still any
missing information about previous falls, survey 5 (2007) and survey 4 (2004) were both used using the same procedure as described.

(OR 0.87 95% CI 0.75–1.01), and similar association was
found after adjusting for potential confounders (Table 2).

Effect modification of physical function limitation
and frailty

Eleven percent (n = 912) of women were classified as frail and
25% (n = 2,040) had physical function limitations (Table 1).
Compared with the non-frail women, a smaller propor-
tion of frail women participated in LPA (87% vs 48%,
P < 0.001). Compared with those without physical function
limitations, fewer women with physical function limitations
participated in LPA (90% vs 60%, P < 0.001).

Both physical function limitation and frailty modi-
fied the associations between any and different types of
LPA and injurious falls cross-sectionally (all P-values for
interaction≤0.05, Figure 2). Cross-sectionally, women with
physical function limitation or frailty who participated
in any LPA had higher odds of injurious falls compared

with those without physical function limitation or frailty,
before and after adjusting for potential confounders
(Figure 2). Additional analyses showed physical function
limitation and frailty modified the cross-sectional associ-
ations between any LPA and brisk walking and injurious
falls in 2019 survey (Supplementary Figure 3). No effect
modification of physical function limitation and frailty
were found prospectively (all P-values for interaction>0.05,
Supplementary Figure 4).

Discussion

Our study investigated the association between different
amounts and types of LPA and injurious falls. LPA partic-
ipation was associated with reduced risk of injurious falls
in cross-sectional and prospective analyses. Physical function
limitation or frailty modified the associations between LPA
and injurious falls cross-sectionally, but not prospectively.
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Physical activity and injurious falls

Figure 2. Effect modifications of physical function limitation and frailty on the cross-sectional associationsa between any leisure
physical activity and the different types of leisure physical activity and injurious falls in 2016 survey in the 1946–51 born women of
the Australian Longitudinal Study on Women’s Health. aCross-sectional association between leisure physical activity and injurious
falls were calculated using logistic regression and presented in odds ratios (OR) and 95% confidence intervals (95% CI). Cross-
sectional analysis refers to the use of exposure (i.e. leisure physical activity) and outcome (i.e. injurious falls) in 2016 survey (when
aged 65–70 years). bAdjusted ORs were presented after adjusting for age, Accessibility Remoteness Index of Australia scale (ARIA+),
housing arrangement, education and ability to manage income. cParticipants had a physical function limitation if they responded
“limited a lot’ or ‘limited a little’ in their ability to climb one flight of stairs or walk 100 m. dWomen were frail if FRAIL score was
greater than 2 points.

Our study showed participation in 150–300 min of LPA,
as is recommended by WHO, was associated with less risk of
injurious falls cross-sectionally (26% less) and prospectively
(25% less), after adjusting for potential confounders. Cross-
sectionally, the lowest risk of injurious falls (37% less) was
found in women with ≥300 min of LPA, suggesting a dose–
response relationship. Exercise dose is an important variable
in falls prevention [30] and a previous systematic review
demonstrated higher amount of PA was associated with
fewer falls [31]. Prospectively, a potential U-shaped associa-
tion between LPA and injurious falls was observed, with the
lowest risk of subsequent injurious falls found among those
with 150 to <300 min of LPA. Previous studies reported
the U-shaped associations between LPA and falls regardless
of injuries with contradictory findings [11, 12]. A cohort
study of community-dwelling Chinese older adults (mean
age 83 years, n = 671) found an increase in falls among those
who were inactive or highly active, compared with those
who were moderately active [11]. However, another cohort
study in the Netherlands (mean age 75 years, n = 1,337) did
not find such U-shaped relationship between PA and falls
[12]. In addition, while in agreement with our findings, a
previous ALSWH study found associations between mod-
erate and vigorous LPA and lower odds of injurious falls,

no associations were reported between no/very low/low LPA
and injurious falls three years later in older women of another
generation (i.e. 1921–26 born cohort) [10]. The different
definitions of PA may lead to different findings. In the
previous ALSWH study, PA was grouped into five categories
(i.e. none/very low, low, moderate, high and very high) based
on weekly frequency and intensity of LPA participation [10],
whereas LPA in our study was considered based on the
total amount of PA performed in minutes in the past week.
Another possible explanation could be the variation in health
status between birth cohorts. Differences in health profile
between cohorts in the ALSWH have been reported [32].

Any LPA, brisk walking, vigorous LPA and strength or
toning activity were all associated with a lower risk of inju-
rious falls cross-sectionally after adjusting for potential con-
founders. Similarly, a recent cross-sectional study in China
showed protection for falls among both men and women
who participated in aerobics, resistance or leisure-sports
activity [33]. Our findings extend the understanding of the
association between the different intensities of LPA and
injurious falls. Meanwhile, we found no association between
the different types of LPA and subsequent injurious falls.
These findings suggest that PA dose is possibly more impor-
tant in prospective injurious falls prevention than the type of
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PA. The lack of association between walking and prospective
injurious falls were previously reported [34]. Most previous
studies only account for the amount or type of PA and
injurious falls in either cross-sectional or prospective analyses
and rarely considered the amount and type of PA in both
analyses within the same cohort [13, 14].

Physical function limitation and frailty modified the asso-
ciations between LPA and injurious falls when measured
at the same timepoint. For women without physical func-
tion limitation or frailty, LPA participation were associated
with a lower risk of injurious falls, suggesting a protective
mechanism. On the contrary, among women with phys-
ical function limitation or frailty, LPA participation were
associated with higher risk of injurious falls, suggesting the
potential injurious falls risk when participating in LPA.
Those with physical function limitation or frailty may be
more susceptible to falls and injuries when falls occur due to
lower muscle mass and weakness [35]. Lower limbs weakness
is a predictor of falls and fall-related injuries in older adults
[36, 37]. In our study, the relationship between LPA and
injurious falls measured 3 years later did not differ by phys-
ical function limitation and frailty. A previous population-
based cohort study of men in the United Kingdom (mean age
71–91 years, n = 3,137) found that the association between
PA and falls 1 year later differed by the presence of mobility
limitation, with reduced falls with increasing activity among
men with mobility limitation and increased falls among men
without mobility limitation [38], which is in contrast to
our findings. Another cohort study of German men and
women (≥65 years, n = 1,214) showed an increase in activity
was associated with more falls, particularly among those
with slower walking speed (<0.8 m/s) [39]. Our findings
should be analysed with caution because of loss to follow-up
and fluctuating LPA (as shown previously among ALSWH
women [40]), physical function and other confounders. Of
note, trials have demonstrated the benefits of structured exer-
cise or supervised home-based programmes on falls among
older adults at high risk of falls [8] and with signs of frailty
and physical function limitation [41].

Strengths and limitations

The main strength of our study is the large longitudinal
population-based sample of Australian women [18], which
allows for more precise estimates of the associations between
different amounts and types of LPA and injurious falls,
particularly in women with physical function limitations and
frailty. An added value of our study is the use of DAG to
identify confounding variables, which reduces the poten-
tial sources of bias in an exposure-outcome relationship,
including overadjustment bias.

As with all observational studies, it is possible that
respondents who continued the survey were healthier than
those who had dropped out (dropout rate of 19.5% in
2016 survey), suggesting survival bias [42]. The women who
withdrew were more likely to have poorer physical health
[42]. However, 28% women reported falls in our study,
which is similar to the proportion of falls for people

aged 65+ years reported worldwide [43]. There is a
possibility of reverse causation in cross-sectional analyses,
that is, women not falling as much may be more active
or women with physical function limitation or frailty
are less likely to participate in LPA. However, we also
evaluated the prospective association between LPA and
subsequent injurious falls. Another limitation is self-reported
LPA that does not account for incidental activities, which
could increase exposure to risk of falls and/or injurious
falls, particularly among people with impaired gait and
balance [44]. Self-reported LPA and injurious falls are
prone to recall bias. However, recall of past week PA has
acceptable psychometric properties [45] and our study
had similar fall prevalence as the prevalence worldwide
[43]. Furthermore, LPA participation changes in different
phases of life and changes in LPA levels may have different
associations with falls [46, 47]. Although all efforts was
made to ensure the representativeness of the sample in the
ALSWH, the sample was of higher education qualification
and with English speaking background [48], which may
limit the generalisability to others with non-English speaking
background and of lower socioeconomic status. Finally, our
findings may not be generalised to men.

Clinical implications

Guideline recommended levels of LPA participation was
associated with fewer injurious falls in older women. Clin-
icians should be cautious when promoting LPA among
people with physical function limitations or frailty, and
these people may need specific exercise programmes. There
is evidence from trials that structured exercise that challenges
balance (with the optional addition of strength training) can
prevent falls in people assessed as being at an increased risk
[49]. The role of exercise in preventing falls in people with
frailty is less clear but systematic review evidence indicates
that exercise targeting mobility can enhance mobility and
function in people with frailty [50].

Conclusion

Compared with those without any LPA, participation in LPA
as recommended by WHO was associated with lower risk
of injurious falls cross-sectionally and prospectively. Brisk
walking and vigorous LPA were both associated with less
risk of injurious falls cross-sectionally. No association was
found between the different types of LPA and injurious falls
prospectively. Both physical function limitation and frailty
modified the cross-sectional association between different
types of LPA and injurious falls with tendencies for more
injurious falls with more activities among those with physical
function limitation or frailty, and protection of injurious falls
among those without physical function limitation or frailty.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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