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Abstract

Engaging in physical activity is known to prevent falls in older adults, however the relative influence
of the intensity, duration and frequency of physical activity is unclear. This study investigated the
relationship between fall history and the frequency, duration, and caloric expenditure of both low
and moderate/high intensity physical activity. Using the Community Healthy Activities Model
Program for Seniors questionnaire, weekly frequency, duration, and estimated caloric expenditure
were calculated for both low and moderate/high-intensity physical activity for community-dwelling
older adult (fallers (n=18); non-fallers (n=15)). Moderate/high-intensity physical activity regression
models were significant for identifying fallers while low-intensity physical activity models were not.
Further, the non-faller cohort engaged in significantly greater weekly frequency relative to duration
of moderate/high-intensity physical activity than non-fallers. This primary research demonstrates the
importance of frequency in addition to the duration of moderate/high-intensity physical activity in
decreasing the likelihood of community-dwelling older adults being identified as a faller.

Keywords: older adults; fall risk; fall prevention; physical activity; exercise intensity & frequency

1. Introduction

Over 30% of community dwelling adults aged 65 years and older experience a fall each year,
often due to slipping, tripping, or stumbling which often result in fatal or non-fatal injuries [1,2].
These injuries are frequently associated with a decline in functional status, often leading to a
substantially reduced quality of life [2]. Fall-related injuries are the leading cause of hospitalization
in older adults, creating significant demands on healthcare systems, including significant economic
burden [1,3].

With aging, age-associated physiological changes cause a decrease in functional capacity,
contributing to the risk of falls [4-6]. For example, the normal age-related decline in cardiovascular,
respiratory, nervous, and musculoskeletal systems reduces functional capacity, limiting the ability to
engage in physical activity (PA) [4,7], which in turn contributes to an increased risk of falls [5].
Additionally, as we age, the likelihood of age-associated diseases increases with a subsequent decline
in functional capacity, further increasing the risk of falls [8]. This age-related decline in function can
be compounded by a physically inactive lifestyle which can also escalate one’s risk of falls [9,10].

Many of the age-related physiological changes and risk factors for age-related diseases can be
mitigated through PA [6,11,12]. In this way, regular PA can contribute to reducing the number of falls
in older adults by preventing, slowing and even reversing these changes and, in turn, maintaining
independence, functional capacity, and well-being [13,14]. In fact, engaging in regular PA has been
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shown to reduce the risk of falling by up to 40% [5,15,16]. However, it is not clear which parameters
of PA or exercise programs best prevent fall risk [13,17]. Physical activity/exercise programs and
interventions designed to prevent falls need to consider various domains, including the frequency,
intensity, type, and time of exercises. The systematic review by Sherrington et al. (2020) demonstrated
strong evidence of reduced fall incidents through prevention programs incorporating a combination
of balance, functional and resistance exercises [17,18]. However, the effectiveness of programs
involving only one exercise type remains uncertain [17]. This suggests that it is unclear which
domains of PA or exercise programs are critical to provide efficacy in fall risk prevention.

Though many primary studies have evaluated the impact of prescribed exercise programs on
fall risk, it is primarily within the context of meta-analyses that the relative impact of duration,
intensity, and frequency of the prescribed exercise on fall risk has been evaluated. One meta-analysis
found that programs which challenged balance and involved at least three hours of exercise each
week had a significantly greater effect on fall reduction [10]. A more recent meta-analysis found that
fall prevention exercise interventions with a frequency of five times a week were more effective in
reducing falls than those with less than five [19]. Further, exercise interventions that lasted 32 weeks
or more were more effective in reducing fall risk in older adults than interventions of shorter duration
[19]. Notably, no study to date, has examined the relative impact of the duration, intensity, and
frequency of an individual’s total physical activity (PA) comprising routine physical activity, exercise
programs, and activities of daily living (ADL) on fall risk. Thus, despite the wealth of research on the
benefits of PA and exercise in preventing falls, there remains uncertainty about which components
(i.e. frequency, intensity, or duration) of an individual’s physical activity are most critical and
effective for reducing the risk of falling in older.

The present study aimed to determine how exercise intensity, duration and frequency of total
PA, including all aspects of ADL and targeted PA, is associated with a history of falls. Specifically,
do intensity, duration and frequency of an individual’s total PA influence the likelihood of having a
history of falls in older adults? Additionally, we sought to determine the association between
frequency and duration of total PA in faller and non-faller cohorts of community-dwelling older
adults.

2. Materials and Methods

2.1. Participants

Thirty-three community-dwelling older adults aged 70 and older volunteered to participate in
this cross-sectional study conducted in accordance with the University of Victoria Human Research
Ethics Board. Participants were recruited from the community through flyers posted at local
community centres. Based on a self-report of falling in the past 12 months, participants were classified
into two groups: fallers (n = 18) and non-fallers (n = 15). Inclusion criteria required a score of 24 or
above on the Mini-Mental Status Examination (MMSE), fluency in English speaking, and ability to
walk independently 300m. Participants were excluded if they had a diagnosis of dementia, recent
major illnesses, or a history of metabolic, cardiovascular, musculoskeletal, or neurological
impairment. All participants provided written informed consent.

2.2. Protocol

Participants completed the MMSE test to determine their global cognitive status. Afterwards,
each participant completed the Community Healthy Activities Model Program for Seniors
(CHAMPS) questionnaire, a self-reporting PA questionnaire for older adults. Based on the previous
four weeks, this questionnaire quantifies the average weekly duration, frequency, and estimated
caloric expenditure in physical activity-related activities. Participants reported the average weekly
frequency and duration spent on each item in the CHAMPS questionnaire. Additionally, participants
reported the frequency and duration per week of activities they engaged in that were not included in
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the CHAMPS questionnaire. For all these physical activities, metabolic equivalent (MET) values were
obtained from Ainsworth et al. (2000) [20]. Participant’s body weight and height were measured.

2.3. CHAMPS Measures

The CHAMPS questionnaire provides a means to record and categorize all the different physical
activities as either 1) low-intensity (<3 METs) or 2) moderate/high-intensity (>3 METs) [21]. Each
activity in the CHAMPS has an age-adjusted MET value [20]. The PA for each of the two intensity
levels (i.e. low and moderate/high physical activity) are individually summed to provide weekly
totals across the domains of duration, frequency and estimated caloric expenditure. The estimated
caloric expenditure was calculated using the American College of Sports Medicines (ACSM)
Guidelines for Exercise Testing and Prescription formula (see Equation 1 below) [22]. Thus, a total of
six PA variables were derived for each participant, comprising three separate variables for both low
and moderate/high-intensity PA: frequency (Freq), duration (Dur), and estimated caloric expenditure
(Kcal). The following abbreviations for the variables to follow will be used: Frequency low (Freq
Low), frequency moderate/high (Freq Mod), duration low (Dur Low), duration moderate/high (Dur
Mod), estimated caloric expenditure of low (Kcal Low), estimated caloric expenditure of
moderate/high (Kcal Mod).

METS x BW x 3.5

Caloric expenditure for a given activity = 500 x Dur (1)

(METS = metabolic equivalents, BW = body weight in kilograms, and Dur = the duration in minutes
spent engaging in the activity.

2.4. Statistical Procedures

All statistical analyses were completed using SPSS version 29 (IBM SPSS Statistics). The
normality of the participants' descriptive statistics was assessed using the Shapiro-Wilk Test (p<0.05).
Faller and non-faller cohort descriptive statistics of group mean and standard deviation for cognition,
age, height, weight and the six outcome variables were calculated and compared between cohorts,
using independent samples t-test (Kcal Low, Freq Low) or Mann-Whitney U test (Dur Low, Kcal
Mod, Freq Mod, Dur Mod) as appropriate. Multivariate logistic regressions were run to identify the
fallers from the non-fallers within the sample (1 = faller; 0 = non-faller). Due to the high collinearity
(r = .81-.96) between the Dur, Kcal and Freq variables, logistic regression models were run separately
for each of the 3 domains, with each multivariate model including both low and moderate/high-
intensity PA. Bonferroni correction was applied to correct for the multiple regressions such that
variables with a p <0.02 were significant [23]. The Nagelkerke R-squared was used to estimate global
regression model fit for models with significant PA variables. Subsequent univariate regressions were
run to determine the PA variables’ individual predictive utility. Pearson’s correlations were applied
to investigate the association between duration and frequency of moderate/high-intensity physical
activity within each cohort.

3. Results

The participants' characteristics for the faller and non-faller groups are presented in Table 1. No
significant differences in participant characteristics were found between the two groups. The mean
and standard deviations for each of the six CHAMPS outcome variables are summarized in Table 2.
The duration, frequency and estimated caloric expenditure of moderate/high-intensity PA levels are
significantly higher for the non-faller than the faller group (Dur Mod (U = 33, p <0.001), Freq Mod (U
=50, p=0.002), Kcal (U =34, p <0.001)). In contrast, there are no significant differences in the duration,
frequency, and estimated caloric expenditure of low-intensity PA between groups (Table 2), (Dur
Low (U =126, p =0.762), Freq Low (U = 104, p = 0.274), Kcal Low (U =135, p = 1.0).

Table 1. Participant characteristics for fallers and non-fallers.
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Characteristic Fallers Non-fallers Sig
(n=18) (n=15) (p)
Age (years) 75.9(3.3) 75.1(3.5) 0.632
Height (cm) 166.6 (8.8) 169.5 (8.5) 0.840
Weight (kg) 77.4 (18.0) 77.5 (11.7) 0.101
MMSE 28.8 (1.1) 28.5(1.3) 0.244

Data is presented as mean (standard deviation); Abbreviations: n = number of samples, cm = centimeters, kg =

kilograms, MMSE = the mini mental state examination score.

Table 2. Mean and standard deviation of Physical Activity variables for fallers and non-fallers.

Variable Fallers Non-fallers Sig

(N =18) (N =15) (p)
Dur Low 7.6 (5.0) 6.7 (3.2) 0.745
Dur Mod 5.0 (4.3) 10.8 (3.6) <0.001*
Freq Low 11.1 (6.6) 13.3 (6.9) 0.269
Freq Mod 7.3 (5.4) 14.0 (5.0) 0.002*
Kcal Low 1266.8 (599) 1296.4 (722) 1.000
Kcal Mod 1463 (1289) 3624.2 (1470) <0.001*

Data are presented as mean (standard deviation); Significant findings are bold with * for p<0.008 (Bonferroni
adjustment). Abbreviations: PA = physical activity, Dur = duration, Low = low-intensity physical activity, Mod
= moderate/high-intensity physical activity, Freq = Frequency, Kcal = kilocalories.

3.1. Multivariate & Univariate Logistic Regressions

The results of the multivariate and univariate logistic regressions are summarized in Table 3 and
Table 4, respectively. Nagelkerke R-squared supported global model fit for both the multivariate
(Multivariate: Dur 0.469; Freq 0.429; Kcal 0.503) and univariate (Univariate Dur Mod .466; Freq Mod
0.384; Kcal Mod 0.497) models. Within each of the three multivariate models, the moderate/high-
intensity PA intensity variables were significant (Dur Mod (OR = 0.693, 95% CI = 0.537-0.894, p =
0.005); Freq Mod (OR =0.794, CI=0.676-0.933, p = 0.005); Kcal Mod (OR =0.999, 95% CI = 0.998-1.000,
p =0.003)). In contrast, low-intensity PA variables within the multivariate models were not significant
(see Table 3). Similar to the multivariate models, all three univariate models for moderate/high-
intensity PA were statistically significant (Dur Mod (OR = 0.693, 95% CI = 0.537-0.894, p = .005), Freq
Mod (OR = 0.794, 95% CI = 0.676-0.933, p=.005), Kcal Mod (OR = 0.999, 95% CI = 0.999-1.000, p =
0.003)). Again, akin to the multivariate models, the univariate models with low-intensity PA were not
significant (Table 4).

3.2. Correlations Between Frequency and Duration of Moderate and Greater Physical Activity

For the non-faller cohort, the frequency and duration of moderate/high-intensity PA were not
significantly correlated, r = 0.427 (df = 13), p = 0.113, while for fallers, the frequency and duration of
moderate/high-intensity PA had a strong positive correlation, r = 0.783 (df = 16), p = 0.001. Figure 1
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displays the duration of moderate/high-intensity (Dur Mod) plotted against the frequency of
moderate/high-intensity (Freq Mod) for both faller and non-faller cohorts with linear trend lines for
each cohort.

Table 3. Multivariate Logistic Regressions Modeling Fall Risk as a Function of Physical Activity.

Model  Variables B SE Wald df  Sig Exp(B) 95% CI
95. Lower Upper
DurMod  -0.366 0.131 7.799 1 0.005*  0.693 0.536 0.897
Dur  Dur Low 0.046  0.131 0.123 1 0.725  1.047 0.810 1.353

Constant 2.620 1.389 3.555 1 0.059 13.730

FreqMod  -0.247  0.088 7.889 1 0.005* 0.781 0.657 0.928

Freq FreqLow  -0.083 0.068 1.481 1 0.224 0.921 0.806 1.052

Constant 3.790 1.470 6.650 1 0.010 44.272

Kcal Mod  -0.001  0.000 8.614 1 0.003*  0.999 0.998 1.000

Kcal KcalLow  0.000 0.001 0.202 1 0.653 1.000 0.999 1.002

Constant 2.420 1.208  4.011 1 0.045 11.250

Significant findings are bold with * at p<0.02 (Bonferroni adjustment). Abbreviations: Dur = Duration, Mod =
moderate/high-intensity physical activity, Low =low-intensity physical activity, activity, Freq = Frequency, Kcal

= kilocalories.

Table 4. Univariate Logistic Regressions Modeling Fall Risk as a Function of Physical Activity.
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Model B SE Wald df Sig Exp(B) 95% CI
Lower Upper

Dur Low 0.056 0.092  0.378 1 0.539 1.058 0.884 1.266
Dur Mod -0.366 0.130  7.956 1 0.005* 0.693 0.537 0.894
Freq Low -0.052 0.055  0.899 1 0.343 0.950 0.853 1.057
Freq Mod -0.231 0.082  7.882 1 0.005* 0.794 0.676 0.933
Kcal Low 0.000 0.001  0.002 1 0.966 1.000 0.999 1.001
Kcal Mod -0.001 0.000  8.977 1 0.003* 0.999 0.999 1.000

Significant findings are bold with * at p<0.008 (Bonferroni adjustment). Abbreviations: Dur = Duration, Low =
low-intensity physical activity, Mod = moderate/high-intensity physical activity, Freq = Frequency, Kcal =

kilocalories.
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Figure 1. Frequency to Duration of Moderate Intensity Physical Activity Association Among Participants. The
association (linear regression) between Freq Mod and Dur Mod for both faller and non-faller cohorts.
Abbreviations: Freq Mod = frequency per week of moderate/high intensity physical activity; Dur Moderate =
Duration per week of moderate/high intensity physical activity.

4. Discussion

This research demonstrated that intensity, duration and frequency levels of total PA (i.e. routine
physical activity (PA), activities of daily living (ADL), and exercise programs) was associated with
fall history in this sample of community-dwelling older adults. In addition to providing further
supporting evidence of the significant benefits of engaging in moderate/high-intensity PA in
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reducing fall risk for community-dwelling older adults, this primary research demonstrated that
increased weekly frequency and duration of engagement in moderate/high-intensity PA increased
the likelihood of having a history of a fall. Further, this work demonstrated that the frequency of
moderate/high-intensity PA per week was comparatively greater relative to the duration in the non-
faller cohort while the frequency and duration levels per week were similar within the faller cohort.
This further highlights the potential relative importance of the frequency of engagement in PA in
reducing the likelihood of a history of a fall. Lastly, this work corroborates to existing literature [17,24]
, by demonstrating that while engagement in moderate/high-intensity PA showed a reduced
likelihood of a history of a fall, engagement in low-intensity PA did not.

The current study's findings corroborate and extend the recommendations made in the World
Health Organization 2020 Guidelines on Physical Activity and Sedentary Behaviour as wells as national
guidelines such as the Canadian 24-Hour Movement Guidelines, and The Physical Activity Guidelines for
Americans [22,25,26,28]. Similar to these physical activity guidelines, which are mainly based on meta-
analyses [10,19], this study demonstrated that engagement in total PA (including routine physical
activity (PA), activities of daily living (ADL), and exercise programs) of moderate- high intensity was
significantly associated with fall history. The multivariate regression models run independently for
Dur, Kcal and Freq variables each demonstrated the relative importance of moderate/high-intensity
PA over low-intensity by showing significant associations for moderate/high-intensity PA and fall
history, while not for low-intensity PA (Table 3). The follow-up univariate modelling (i.e. Dur and
Kcal) further supported this premise by showing that moderate/high-intensity PA models were
significantly associated with lower incidence of history of a fall while low-intensity PA models were
not (Table 4). This is further supported by the significantly greater volume of moderate/high-intensity
PA (i.e. frequency, duration and Kcal expenditure) seen in the non-faller group compared to the faller
group. In fact, the volume of this engagement was twice as much for the non-faller group over the
faller group for frequency, duration and Kcal expenditure; by way of comparison, both groups
engaged in roughly the same amount of low-intensity physical activity (Table 2). Thus, this work
provides primary findings that support global and national guidelines that obtaining sufficient
volume of moderate/high-intensity PA per week is associated with reduced incidence of falls.

In addition to corroborating existing evidence that sufficient duration of moderate/high-
intensity PA reduces fall risk [25-30], this primary research demonstrates that the frequency of
engagement in moderate/high-intensity PA was significantly associated fall history, while the low-
intensity Freq PA variable was not. The WHO Guidelines acknowledge the limited primary research
examining the dose-response relationship between physical activity and prevention of falls and that
the current guidelines are based on indirect evidence (i.e. “the majority of studies providing
supportive evidence [test exercise programs] consistent with 3 days per week” [25][28] (p. 45,29).
Based on this evidence [25,28], the WHO Guidelines recommend that older adults do varied
multicomponent PA 3 or more days a week as part of their weekly PA to prevent falls [25,29]. In the
current research, the Freq multivariate model increasing the moderate/high-intensity Freq PA
variable reduced likelihood of a having a history of a fall. Further, the univariate Freq model found
moderate/high-intensity PA was significant with an odds ratio of a one-unit increase in frequency of
moderate/high-intensity physical activity resulting in a 21% reduction in the likelihood of a
participant being in the faller category (see Table 4). A key finding which supports the importance of
frequency of PA is seen in the greater frequency of moderate/high-intensity PA relative to the
duration for the non-faller cohort compared to the faller cohort as demonstrated with the non-
significant frequency-duration association for the non-faller cohort in contrast to the significant
frequency-duration association for the faller cohort (see Figure 1). An association between frequency
and duration is expected in both cohorts given the interrelated nature of these variables; however, it
is notable that the relationship between these variables presents differently within each cohort. The
importance of the frequency of PA seen in the current results aligns with the meta-analysis conducted
by Sun et al, (2021), who found that intervention programs targeted at fall prevention with a
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frequency of 3 - 5 times per week had a greater reduction in fall risk compared to programs with
fewer sessions per week [19].

Recommendations for frequency of moderate/high-intensity PA to reduce fall risk is not
explicitly denoted in the current Canadian or U.S physical activity guideline making it unclear if it is
more beneficial to complete the recommended duration of 150 — 300 minutes of moderate/high-
intensity PA all in one or two sessions over the span of a week or if it is more beneficial to spread the
exercise over six or seven sessions [26,30]. The guidelines do state, however, that exercise allotments
in less than 10 minutes are beneficial, as any additional physical activity to meet the 150 — 300 minutes
of moderate/high-intensity is beneficial, regardless of the duration [26-28,30]. Thus, the current
research extends these physical activity guidelines by providing primary findings that increased
frequency of moderate/high-intensity PA is associated with a reduced likelihood of a history of a fall.

Although the frequency at which one engages in PA is interrelated to the overall duration, the
current findings demonstrate that the frequency component of PA plays a larger role in fall
prevention than previously considered. As noted, support for the relative importance of the
frequency of engagement in moderate/high-intensity PA in fall prevention is reflected in the
difference in the frequency-duration associations between the non-faller cohort and faller cohort. The
importance of frequency of PA does not detract from the importance of adequate duration, but rather
suggests that spreading the overall duration of moderate/high-intensity PA over several bouts of
activity over the week may enhance their contribution to fall prevention.

This work demonstrated that older adults in this who engaged in frequent and sufficient volume
of moderate/high intensity PA had a reduced likelihood of a history of a fall and thus avoiding the
adverse health sequelae associated with a fall. Tracking an individual’s frequency or duration of
engagement in moderate/high-intensity PA is considerably easier than calculating the total calorie
expenditure for each bout of moderate/high-intensity PA, making frequency or duration more likely
to be monitored by an individual or their healthcare provider. If measuring METs is unrealistic, or
an individual is not able to become familiar with the sensation associated with low (1.6 — 2.9 METs),
moderate (3.0 — 5.9 METs) and vigorous intensity (> 6.0 METs) physical activity intensities, then other
tools could be used to self-monitor exercise intensity, such as using the talk test or BORG scale of
perceived exertion. Using the talk test, an individual doing moderate-intensity aerobic activity can
talk but not sing, and when doing vigorous-intensity activity, they cannot say more than a few words
without pausing for a breath [22]. Alternatively, older adults can recognize moderate-intensity to
vigorous-intensity using the BORG scale, which allows them to rank their exercise intensity, which
should fall between 13 to 15 on a scale of 20 [31].

The low-intensity PA variables were not significant in neither the multivariate nor the univariate
models for duration, frequency, and total kilocalories, suggesting this variable is not able to
distinguish fallers from non-fallers in this study. Additionally, the Nagelkerke R-squared was only
marginally higher in the multivariate models (i.e. low and moderate/high PA variables) compared to
the moderate/high-intensity univariate models for each domain (i.e., Dur, Freq, and Kcal). This
indicates that the low-intensity variables do not account for a substantial proportion of the variance
in distinguishing fallers from non-fallers in the multivariate models. However, the current study
cannot rule out the potential contributions of low-intensity PA to reducing the likelihood of having
a history of falls, given that the engagement level in low-intensity PA was not significantly different
between faller and non-faller groups (Table 2). In a similar way, past research indicates that walking,
a low-intensity exercise, is health-enhancing, but it was inconclusive as to whether it provides
benefits to reducing fall risk [24]. Another limitation of the current study is the self-reporting nature
of the exercise-monitoring tool. Previous research has suggested that with self-reporting questions,
such as the CHAMPS, individuals (particularly older adults) often over report their engagement in
PA [32,33]. Such over reporting can be due to memory error [21,34], or valuing being active and
wanting to present themselves as active [21,35]. Although the participants in the current study may
have overestimated their amount of engagement in PA, this overestimation should occur equally for
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both faller and non-faller cohorts and therefore, the data accurately reflect relative differences
between the faller and non-faller cohorts, though the specific values may be inflated.

5. Conclusions

In sum, the current results inform exercise education and prescription in two main ways. First,
these results suggest a decreased likelihood of a having a history of a fall if individuals divide the
recommended weekly amount of moderate/high-intensity PA into multiple exercise sessions over a
week because a higher frequency was associated with a reduced likelihood of being classified as a
faller. Second, the results confirm that engagement in PA of moderate/high-intensity are less likely
to have a fall history. Thus, individuals must be able to identify moderate or high-intensity PA and
engage in this intensity of exercise with sufficient duration and frequency. Future work should more
specifically examine the impact of different frequency levels (i.e. once a week versus multiple
sessions) across a consistent duration of weekly moderate/high-intensity PA.
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Abbreviations

The following abbreviations are used in this manuscript:

ACSM American College of Sports Medicine

ADL Activities of Daily Living

BW Body Weight

CHAMP Community Healthy Activities Model Program for Seniors
Dur Duration

Dur Low Duration Low

Dur Mod Duration Moderate/High

Freq Frequency

Freq Low Frequency Low

Freq Mod Frequency Moderate/High

Kcal Estimated Caloric Expenditure

Kcal Low Estimated Caloric Expenditure of Low

Kcal Mod Estimated Caloric Expenditure of Moderate/High
MET Metabolic Equivalent

MMSE Mini-Mental Status Examination
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PA Physical Activity

UsS. United States

WHO World Health Organisation
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