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Abstract

Objective: to explore the relationship between risk of falling at age 90+ and prior physical activity at age 60–70s.
Design: population-based cohort study (The 90+ Study).
Setting: California retirement community.
Participants: of 1596 cohort members, 1536 had both falls and prior activity data. Mean age = 94 years; 78% female; 99%
Caucasian.
Methods: time spent in active physical activity was self-reported in 1980s; medical history, medication, assistive devices,
residence type, and falls (outcome) was collected in 2000s. Activity/fall relationships were assessed using logistic
regression.
Results: falls were reported by 52% of participants, recurrent falls by 32%, and severe injury by 21% of fallers. In univariate
analyses risk of falling at age 90+ was significantly related to medical history (heart disease, TIA/stroke, arthritis, vision dis-
ease, depression, dementia), medication use (hypnotics, anti-psychotics, anti-depressants), use of assistive devices (cane,
walker, wheelchair), residence type (living with relatives, sheltered living), and source of information (self-report vs inform-
ant). Risks of falling and recurrent falls at age 90+ were 35–45% lower in those reporting 30+ minutes/day of active phys-
ical activity at age 60–70s compared with no activity. The odds ratio of falling was 0.65 (95% CI = 0.44–0.97) for
30–45 minutes/day and 0.64 (0.44–0.94) for 1+ hour/day adjusting for age, sex, medical history (stroke/TIA, vision dis-
ease, depression), use of assistive devices, and source of information.
Conclusions and Relevance: falls are extremely common among the oldest-old and a significant proportion lead to severe
injury. This work is the first to show an association between exercise at age 60–70s and lower risk of falling at age 90+.
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Introduction

Falls are extremely common among the elderly with more
than half of those aged 80+ falling at least once a year [1].
A significant proportion of these falls are injurious and the
associated morbidities pose a major health burden and lead
to loss of mobility and independence [2]. Additionally, falls
are the 5th most common cause of death in this age group [3].
The number of people aged 85+ was approximately 6.3
million in 2015 and is expected to triple to 19.7 million by

2060 [4], making the oldest-old the fastest growing segment
of the US population.

Prevention of falls and injuries is not easy due to the
combination of intrinsic impairments (e.g. stroke, vision
problems) and extrinsic/environmental hazards (e.g. uneven
surfaces, lack of grab-bars) [5]. Knowledge of preventive
factors for falls in the oldest-old might lead to a reduction
in this personal and public health problem.

A strong body of evidence, including randomized con-
trolled trials (RCT), has demonstrated the value of exercise
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in fall prevention in elderly adults [6–10]. However, the
nature of these studies limit the follow-up period and long-
term benefits, if any, are unknown. The few longitudinal
studies in the elderly that addressed the issue of exercise
and fall prevention have been short (<5 years) [11–13].
Additionally, those aged 90+ years are not often studied
and we know of no study investigating the potential role of
physical activity in early old age in fall prevention later in
life. We therefore explored the relationship between falls at
age 90+ and prior physical activity at age 60–70s.

Methods

Study population and sample

Participants were members of The 90+ Study, a longitudinal
population-based study of aging and dementia in people
aged 90 years and older [14]. These participants were ori-
ginally members of the Leisure World Cohort Study
(LWCS), an epidemiological study investigating effects of
lifestyle practices on morbidity and mortality [15, 16]. The
LWCS was established in the early 1980s with enrollment
of 13978 residents of the Leisure World Laguna Hills,
California, retirement community. The population and sam-
ple are largely Caucasian. Survivors aged 90+ on 1/1/2003,
1/1/2008, and 1/1/2009 or later were invited to join The
90+ Study. Assessment of participants occurred at the
research office or participant’s home and included demo-
graphic and medical history updates and neuropsychological
and neurologic examinations. Information on those unable or
unwilling to be seen in person was obtained by telephone or
from an informant. Institutional Review Boards of University
of Southern California and University of California Irvine
approved this study. Participants or their informants gave
written informed consent.

Of 1596 participants enrolled in The 90+ Study, 60 were
excluded from analysis for lack of data (55 for falls, 5 for
physical activity).

Fall outcome variables

At the baseline visit for The 90+ Study in the 2000s, partici-
pants were asked ‘How many falls have you had in the last
year?’ Fallers were defined as those reporting at least 1 fall;
recurrent fallers 2+ falls. Participants were also asked the
severity of the falls (categorized as no, minor, moderate, or
severe injury) and, for the most severe fall, whether they
received medical attention and the reason for that fall.

Physical activity variable

As part of the LWCS in the 1980s, participants were asked
‘On the average weekday, how much time do you spend in the
following activities?–Active outdoor activities (e.g. swimming,
biking, jogging, tennis, vigorous walking)–Active indoor activ-
ities (e.g. exercising, dancing)’. Possible responses were 0, 15,
30 minutes, 1, 2, 3–4, 5–6, 7–8, 9 or more hours per day.
Time spent in active activities was the sum of that in active

outdoor and active indoor activities. For analysis, time was
categorized as 0, 15, and 30–45minutes, and 1+ hour per day.

Covariates

Factors known to affect falling in the elderly were also
assessed [1, 5, 17]. Age, sex, education, residence type, cog-
nitive status, medical histories (high blood pressure, heart
disease, transient ischemic attack (TIA), stroke, arthritis,
vision disease, and depression), medication use, smoking,
use of assistive devices, and fall information were asked
during The 90+ Study baseline visit. Presence/absence of
dementia was determined using the best-available informa-
tion in hierarchal order: neurological examination, in-person
global cognition test (MMSE), informant questionnaires, or
telephone cognition test (CASI) [14]. Heart disease included
coronary artery disease, myocardial infarction, heart valve
disease, congestive heart failure, and arrhythmia. Vision dis-
ease included glaucoma, macular degeneration and cataract.
Arthritis included rheumatoid arthritis and osteoarthritis.

Statistical Analysis

Characteristics of fallers and non-fallers were compared
using t-tests and chi-square tests. The relationship between
physical activity in the 1980s and falls in the 2000s was
assessed using logistic regression. In addition to age and
sex, factors associated in this sample with falling at age 90+
(p < 0.1) were included as covariates in regression models
with stepwise elimination. Results are presented as odds
ratios (OR) and 95% confidence intervals (CI). Analyses
were performed in SAS 9.4 (SAS Institute Inc., Cary, NC).

This work was supported by National Institutes of
Health (grant numbers R01CA32197, R01AG021055,
R01AG042444) and Earl Carroll Trust Fund (Los Angeles,
CA). Funding sources played no role in design, execution,
analysis, or interpretation of the study.

Results

Of 1536 participants, 799 (52%) experienced at least one
fall and 489 (32%) 2+ falls in the previous year (Table 1).
Mean age was 94 years (range 90–107). Most were Caucasian
(99%) and women (78%), had more than a high school edu-
cation (70%), and self-reported data for The 90+ Study base-
line visit (57%). Information about falls was collected on
average 24 years after the LWCS physical activity assess-
ment (range 16–34).

Although fallers did not differ significantly from non-
fallers on age, sex, smoking status, or history of high blood
pressure (Table 1), they were less likely to live alone (32% vs
39%) and more likely to use an assistive device (81% vs 62%)
and have certain medical conditions: TIA/stroke (35% vs
23%), depression (24% vs 14%), arthritis (54% vs 44%),
vision disease (85% vs 78%), heart disease (47% vs 42%), and
dementia (39% vs 33%). A greater proportion of fallers used
anti-depressants (21% vs 13%), hypnotic drugs (29% vs 23%)
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and anti-psychotic drugs (9% vs 5%), but not ACE inhibitors
(22% vs 21%). The proportion who were self-respondents
was smaller in fallers than in non-fallers (51% vs 64%).

Table 2 describes characteristics of the falls. Recurrent (2+)
falls occurred in 61% of fallers, severe falls (i.e. resulting in
fracture or concussion) in 21%, and hospitalization in 19%.

Table 3 presents three models examining the relationship
between falling at age 90+ and self-reported active physical
activity approximately 25 years prior. Model 1 adjusts for age
and sex. Model 2 adds the significant covariates of histories of
TIA/stroke (OR = 1.57, 95% CI = 1.22–2.03), vision disease
(OR = 1.87, 95% CI = 1.39–2.53) and depression (OR =
1.66, 95% CI = 1.23–2.25) and source of information (OR =
1.63, 95% CI = 1.27–2.11). Model 3 additionally includes use
of assistive devices (cane: OR = 1.73, 95% CI = 1.15–2.60;

walker: OR = 2.71, 95% CI = 1.99–3.69; wheelchair: OR =
2.12, 95% CI = 1.50–3.01). Other medical history variables,
medication use and residence type, although significant in univari-
ate analysis, were not significant in multivariable analysis. In all
three models 30+ minutes/day of physical activity at age 60–70s
was significantly associated with about 30–35% lower odds of
falling at age 90+. For model 3, OR was 0.65 (95% CI =
0.44–0.97) for 30–45minutes/day and 0.64 (95% CI =
0.44–0.94) for 1+ hour/day compared with no activity.

Additional analyses used recurrent falls and moderate/severe
fall as outcomes. The three models showed greater reductions
(35–45%) in odds of 2+falls with 30+ minutes/day of activity
at age 60–70s than seen for any fall (30–35%) (Table 3). ORs
of a moderate/severe fall were similar, but the sample size was
smaller and the results not statistically significant.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1. Characteristics of the 1536 participants by falling status

Characteristic All subjects (n = 1536) Non-Fallers (n = 737) Fallers (n = 799) p-value

Mean (SD) Mean (SD) Mean (SD)

Demographics
Age at The 90+ Study visit (years) 94.0 (3.1) 93.8 (3.1) 94.1 (3.0) 0.09
Age at the LWCS (years) 70.0 (4.8) 69.9 (4.8) 70.1 (4.8) 0.45
Years between LWCS and 90+ visits 23.9 (3.2) 23.9 (3.2) 24.0 (3.2) 0.64

Number (%) Number (%) Number (%)

Women 1195 (78) 571 (77) 624 (78) 0.77
Caucasian Race (missing = 12) 1513 (99) 728 (99) 785 (99) 0.67
Education (missing = 16)
High School or less 459 (30) 205 (28) 254 (32) 0.22
Vocation to College 788 (52) 392 (54) 396 (50)
>College degree 273 (18) 129 (18) 144 (18)

Residence Type (missing = 13)
Living Alone 540 (35) 286 (39) 254 (32) 0.001
Living with Relatives 443 (29) 217 (30) 226 (28)
Sheltered Livinga 540 (35) 226 (31) 314 (40)

Source of Information
Self-report 882 (57) 473 (64) 409 (51) <0.0001
Proxy-informant 654 (43) 264 (36) 390 (49)

Medical History
High blood pressure (missing = 81) 748 (51) 348 (50) 400 (53) 0.30
Heart diseaseb (missing = 39) 667 (45) 299 (42) 368 (47) 0.03
TIA or stroke (missing = 117) 417 (29) 160 (23) 257 (35) <0.0001
Arthritisc (missing = 115) 698 (49) 309 (44) 389 (54) 0.0003
Vision diseased (missing = 95) 1180 (82) 542 (78) 638 (85) 0.0005
Depression (missing = 89) 280 (19) 100 (14) 180 (24) <0.0001
Dementia (missing = 84) 527 (36) 234 (33) 293 (39) 0.03

Prescription Drugs (missing = 339)
Hypnotics 310 (26) 133 (23) 177 (29) 0.02
Anti-psychotics 83 (6.9) 30 (5.1) 153 (8.6) 0.02
Anti-depressants 205 (17) 73 (13) 132 (21) <0.0001
Ace Inhibitors 263 (22) 125 (21) 138 (22) 0.68

Bedridden (missing = 40) 104 (7.0) 57 (8.0) 47 (6.0) 0.13
Ever Smoked (missing = 59) 619 (42) 299 (43) 320 (41) 0.55
Assistive Devices
None 421 (28) 275 (38) 146 (19) <0.0001
Cane Only 156 (10) 81 (11) 75 (9)
Walker 456 (30) 175 (24) 281 (36)
Wheelchair 482 (32) 198 (27) 284 (36)

aSheltered living is defined as living in a nursing home, assisted living, or board and care.
bHeart disease is defined as a history of coronary artery disease, myocardial infarction, heart valve disease, congestive heart failure, or arrhythmia.
cArthritis is defined as a history of rheumatoid arthritis or osteoarthritis.
dVision disease is defined as a history of glaucoma, macular degeneration or cataract.
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Discussion

The current study aimed to assess the relationship between
prior physical activity and fall risk in a cohort of oldest-old.
We used physical activity information collected from partici-
pants when aged in their 60–70s and falls data collected
when aged 90+. In agreement with previous studies [2, 18],
we found falls were extremely common (>50%) and a sig-
nificant proportion (21%) led to severe injury. The main
finding, however, was that regular physical activity (30+
minutes/day) at age 60–70s was associated with a 30%
decreased likelihood of falling a quarter of a century later.
To our knowledge, this is the first study to demonstrate this
association over a long follow-up period.

A strong body of evidence illustrates the value of exer-
cise in fall prevention in elderly adults [6–10]. A recent

review of meta-analyses of RCT of fall prevention interven-
tions in community-dwelling older adults highlights the con-
sistent evidence that exercise reduces falls [6]. Moreover,
the positive effect extends to injurious falls, falls resulting in
medical care, severe injurious falls, and falls resulting in
fracture [8]. In fact, exercise appears to be the most cost-
effective intervention in the elderly [10].

What the above-mentioned literature does not address is
whether the positive effects of exercise are sustained over a
long time period. A retrospective study of oldest-old Chinese
farm workers found habitual exercise (current and former),
compared with having never exercised, was associated with
lower risk of falls [19]. Due to inherent limitations of retro-
spective studies in collecting exposures occurring in the dis-
tant past, the preventive value of past exercise could not be
explored in detail. Follow-up times in the few longitudinal
studies of exercise and fall prevention have been short. One
community-based prospective study of 761 subjects aged
70+ years, monitored for 1 year, found decreased level of
physical activity was associated with increased risk of falls
in men [11]. A longitudinal (mean follow-up = 1.7 years)
study of 535 community-dwelling older (60–91 years)
Japanese found walking was not significantly associated
with falls in the lower risk group but nearly doubled the
risk in those with 2+ risk factors for falling (poor balance,
mobility limitation, knee pain, depressive symptoms, use of
assistive device, polypharmacy, and previous fall) [12]. The
Concord Health and Ageing in Men Project of 1667 older
Australians (mean age = 76 years, median follow-up = 4
years) reported swimmers had reduced incidence of falls [13].
A three-arm RCT of two 16-week exercise protocols in 80+
year-olds found a decrease in frequency of falls [20]. The
effect was partially maintained over a 6-week detraining peri-
od in those who had adhered to a multi-component protocol
(aerobic, strength, balance exercises). The short follow-up lim-
its longitudinal interpretation of the study.

The falls literature draws a distinction between single and
recurrent fallers [21]. Although one fall may occur by chance
alone, recurrent falls suggest an underlying high risk with

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2. Characteristics of falls among the 799 participants
who reported falling in the last year

Characteristic Number (%)

Number of falls in past year
1 310 (39%)
2 205 (26%)
3 121 (15%)
4+ 163 (20%)

Severity of most severe fall (missing = 40)
No injury 220 (29%)
Minor injury (bruises, cuts, etc.) 307 (40%)
Moderate injury (required sutures, etc.) 74 (10%)
Severe injury (fracture, concussion, etc.) 158 (21%)

Reason for most severe fall (missing = 355)
Dizziness, lightheadedness, palpitations 45 (10%)
Tripped over object 78 (18%)
Loss of balance without drowsiness 210 (48%)
Other 101 (23%)

Medical attention for most severe fall (missing = 355)
No medical attention 181 (41%)
Clinic or doctor office visit 59 (13%)
Emergency room visit 121 (27%)
Hospitalized 83 (19%)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3. Logistic regression models of the odds of falling (in 2000s) by physical activity status during Leisure World Cohort
Study Participation (in 1980s)

Active physical activity Odds Ratio (95% CI) p-value Odds Ratio (95% CI) p-value Odds Ratio (95% CI) p-value

Odds of falling (any fall vs. 0 fall) Model 1a (n = 1536) Model 2b (n = 1301) Model 3c (n = 1286)

None 1.00 (Reference) – 1.00 (Reference) – 1.00 –
15 min/day 0.83 (0.54–1.29) 0.41 0.70 (0.42–1.14) 0.15 0.72 (0.43–1.18) 0.19
30–45 min/day 0.69 (0.49–0.99) 0.04 0.65 (0.44–0.97) 0.04 0.65 (0.44–0.97) 0.04
1+ hr/day 0.71 (0.51–0.98) 0.04 0.63 (0.43–0.90) 0.02 0.64 (0.44–0.94) 0.02

Odds of repeat falls (2+ falls vs. 0 fall) Model 1a (n = 1226) Model 2b (n = 1031) Model 3c (n = 1018)

None 1.00 (Reference) – 1.00 (Reference) – 1.00 –
15 min/day 0.91 (0.56–1.48) 0.71 0.74 (0.42–1.28) 0.27 0.76 (0.43–1.34) 0.34
30–45 min/day 0.65 (0.43–0.96) 0.03 0.57 (0.37–0.90) 0.01 0.59 (0.37–0.93) 0.02
1+ hr/day 0.66 (0.46–0.95) 0.03 0.52 (0.34–0.80) 0.002 0.55 (0.36–0.84) 0.006

aAdjusted for age and sex
bAdjusted for above + history of TIA/stroke, history of vision disease (glaucoma, macular degeneration or cataract), history of depression, and self-report
cAdjusted for above + use of assistive devices (cane, walker or wheelchair)
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more risk factors and more adverse consequences. Our
analysis of the association of prior physical activity with the
outcomes of 2+ falls and moderate/severe fall gave results
similar to those of any fall.

Physical activity has well-documented health benefits and
its relationship with mortality has been explored by numerous
studies [22], including the LWCS [16]. Most found decreased
risk of mortality with increasing levels of physical activity
(measured in vastly different ways). Therefore, it is unsurpris-
ing that exercise at age 60–70s is associated with survival to
age 90 and eligibility to join The 90+ Study. Although survivor
bias is possible in any study of the oldest-old, the distribution
of exercise at age 60–70s did not differ between participants
included in the analyses and other eligible subjects. Exercise
at age 60–70s may represent better health habits, vitality and
physical ability (as well as longevity) and these factors may be
the underlying ‘cause’ for the association of exercise with low-
er odds of falling later in life. Although adjustment for med-
ical history and use of assistive devices had little effect on
ORs for falls, residual confounding and unmeasured and
unrecognized confounders cannot be ruled out. Other poten-
tial risk factors such as stairs at home, poor lighting or tripping
hazards were not ascertained.

Our study has additional limitations. With 99% Caucasian
participants, our study lacks ethnic diversity. Our indices of
physical activity are crude, self-reported and their reliability
and validity not ascertained. Due to time elapsed since
acquisition of activity data, activity levels of participants
likely changed and we cannot differentiate the effect of
continued activity from a sustained benefit of previous
activity. As previously reported, LWCS participants gener-
ally were less active, slept longer and watched TV more
about 2 years after the baseline survey [16]. Similarly, a
national sample from the Americans’ Changing Lives
study (n = 3000+) showed steady declines in leisure-time
physical activity beginning in midlife (about age 33) and growing
steeper at progressively older ages [23].

Previous studies have demonstrated underreporting of falls
in the previous six months by participants [24]. As older peo-
ple may be the only witness of a fall, use of proxy-informants
would likely lead to greater underreporting. Misclassification of
fallers/non-fallers, however, would underestimate the disease-
exposure relationship. Misclassification of medical history and
medication use may also occur using proxy-informants, but
previous studies of the elderly have found perfect or sub-
stantial agreement between proxy- and self-reports on dia-
betes, heart disease, hypertension, cancer, and arthritis [25].
As medical history, medication and assistive device data
were collected at the same time as falls data, we have the
additional caveat of unknown temporal relation of these
with the fall.

Our study identified several factors associated with like-
lihood of falling. Histories of TIA/stroke, depression and
visual problems and use of assistive devices remained sig-
nificant risk factors in multivariable analysis. These findings
agree with previous studies. In a telephone survey of those
aged 85+, history of stroke and use of assistive devices

were risk factors for falling [18]. In a study of persons aged
75+ years, use of cane or walker was a risk factor as were
residence type, sedative use and cognitive impairment [1].
Other studies have identified poor eye sight [1, 26, 27] and
depression [1, 28, 29] as risk factors. Our study also identi-
fied arthritis, heart disease and dementia as diseases that,
although not significant in multivariable models, differed
significantly between fallers and non-fallers. According to
guidelines of the American Academy of Neurology, reaf-
firmed 1/2016, patients with a history of stroke, dementia,
disorders of gait and balance, arthritis, depression, or severe
loss of vision, and those who use assistive devices to ambu-
late or take psychoactive medications including sedatives,
antidepressants and neuroleptics should be questioned
about recent falls and examined for presence of neuro-
logical deficits that can cause falls [30].

The combination of a unique cohort of the oldest-old,
uniform data acquisition and long-term follow-up are major
strengths. Members of this large meticulously characterized
cohort were initially recruited in the 1980s and have been
followed for over 25 years. The prospective design ensures
the exposure was measured before the outcome avoiding
the problem of reverse causality.

Conclusion

Our study confirmed that falls are common among the eld-
erly and often lead to severe injury. In agreement with pre-
vious data, we identified histories of TIA/stroke, visual
problems and depression, and use of assistive devices as
major factors associated with increased likelihood of fall-
ing. This work is the first to show a lower likelihood of
falling in persons aged 90+ among individuals who reported
30+ minutes/day of active exercise in their 60–70s. Further
investigation of this relationship is warranted in other oldest-
old populations and in non-white and lower socio-economic-
status sub-populations. Although the optimal type and dose
of exercise need to be identified, society must promote a
physically active lifestyle at all ages with an infrastructure and
architecture to ensure compliance.

Key points

• Falls are extremely common among the oldest-old and a
significant proportion lead to severe injury.

• This work is the first to show an association between exer-
cise at age 60–70s and lower risk of falling at age 90+.

• Risk factors for falling at age 90+ included medical his-
tory, medication intake, use of assistive devices.
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