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Abstract

The purpose of this study was to investigate if a 22-week standing intervention would
reduce falls in long term care (LTC). LTC residents were randomized to either a sitting
control or standing intervention comprised of up to 20 minutes of supervised sessions
five times per week over 22 weeks. The outcome measure was time to fall events during
the post-trial 12-month follow-up. Falls were identified from incident reports at the LTC
facilities. An Andersen-Gill model was used to assess the hazard ratio of falls in the
intervention group relative to the control group while adjusting for previous number of
falls, cognition, frailty status and sex. Eighty-nine participants were followed over 12-
month follow-up. The hazard ratio (95% ClI) for falls was 2.01 (1.11 to 3.63) relative to
the sitting control group. Future work interested in increasing standing time within this

population should monitor falls.
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Chapter 1. Introduction

Globally, the proportion of people over the age of 65 is expected to more than double
between 2020 and 2050 (United Nations, 2020). This increase in older adults is likely to
increase the demand for long term care (LTC) (Harwood, 2004; Ness et al., 2004). Older
adults in LTC represent a medically complex and frail population (Ness et al., 2004;
Ontario Long Term Care Association, 2019). It is estimated that 50% of LTC residents
will experience at least one fall every year, a rate twice that in comparison to community
dwelling older adults (Cameron et al., 2018). Falls can lead to many adverse physical and
psychosocial outcomes. They account for 95% of hip fractures and can lead to chronic
pain, disability and death (Masud & Morris, 2001; Public Health Agency of Canada,
2014). Falls can also result in increased fear of falling, isolation and anxiety (Masud &
Morris, 2001; Public Health Agency of Canada, 2014). As a result, falls are a significant
personal and economic burden. In Canada, for example, it was found that older adults
who were hospitalized due to a fall were admitted for an average of 22 days(Public
Health Agency of Canada, 2014). This length of stay is 9 days longer than hospitalization
due to any other cause. The estimated cost of a fall related injury is $10,000 per person
(Hoffman et al., 2017). In the United States, the total estimated medical cost due to falls
was $50.0 billion (including institutional care (i.e., hospitals and nursing homes),
rehabilitation services, community based services, prescription drugs and insurance

processing) (Florence et al., 2018).



There are many extrinsic and intrinsic risk factors associated with falls. Extrinsic
risk factors include slippery surfaces, lack of handrails and inappropriate assistive device
(Public Health Agency of Canada, 2014). Intrinsic risk factors in LTC include cognitive
impairment, frailty, use of certain medication and age (Cameron et al., 2018). Many risk
factors can be addressed through lifestyle interventions. Recently, sedentary behaviour has
been identified as a modifiable risk factor for fall (Rosenberg et al., 2021; Thibaud et al.,

2012).

Sedentary behaviour is defined as any waking behavior characterized by an energy
expenditure <1.5 metabolic equivalent tasks (METs) while in a sitting, reclining, or lying
posture (Tremblay et al., 2017). Previous research has found that sedentary behaviour is
associated with many poor health outcomes including decreased physical function which
can lead to an increased risk of falls. Prolonged sedentary time could reduce lower-
extremity stability, neuromuscular function, strength, and balance, which could lead to falls
(Rosenberg et al., 2021). Older adults in LTC spend over 90% of their time engaging in
sedentary behaviour, which provides a window of opportunity for fall prevention

interventions.

Targeting a reduction in sedentary behaviour, may be acceptable for LTC residents
who are unable to participate in traditional forms of physical activity. Therefore, the

purpose of this study was to investigate the effectiveness of a standing intervention on



reducing the rate of falls at 12-month follow-up. We hypothesized that increasing standing

could be an effective fall prevention intervention for older adults in LTC.

Chapter 2. Literature Review

2.1 Aging

2.1.1 Aging Demographics

Aging is a natural process that can be described as a progressive change in tissues
of the body, eventually leading to decline in function and death (da Costa et al., 2016). At
a biological level, aging is the accumulation of molecular and cellular damage ultimately
increasing one’s risk of impaired physical and cognitive capacities, chronic diseases, and
death (World Health Organization, 2020). In most developed countries people over the age
of 65 are classified as older adults. Globally, this group is the fastest growing demographic
due to longer life expectancies, declining fertility rates, and advanced technology (Statistics
Canada, 2018). For example, in Canada, between 1960 and 2019, the proportion of older
adults grew by close to 10% (from 7.6 to 17.5%) (Statistics Canada, 2019). This growth is
reflected globally, with the worlds’ proportion of older adults projected to grow from 9.3%
to 16.0% by 2050 (United Nations, 2020). There has also been a rapid growth among the
oldest old, with the number of people over the age of 80 expected to more than double
between 2017 and 2050 around the world (Organisation for Economic Co-operation and
Development, 2019). On average, the life expectancy at the age of 65 is 19.7 years (a total
of 84.7 years of age) (Organisation for Economic Co-operation and Development, 2019).
However, according to self-reported health ratings across 38 countries from North and

3



South America, Europe and Asia-Pacific, it is estimated that close to 50% of these years
are lived in poor health (Organisation for Economic Co-operation and Development, 2019).
Poor health is defined as the number of years spent free of activity limitation (Organisation
for Economic Co-operation and Development, 2019). This self-reported poor health

reflects the adverse health outcomes associated with age-related physiological changes.

2.1.2 Aging Physiological Changes

Physiological changes associated with aging occur within all the tissues and organ
systems of the body (da Costa et al., 2016). While some age-related changes are harmless
such as grey hair and wrinkles others can lead to a decrease in physical, social and
psychological capacities. For example, low muscle mass and strength (Keller &
Engelhardt, 2014; Seene & Kaasik, 2012), decreased bone mineral density (Demontiero et
al., 2012), increased fat mass (Evans WJ & Evans, 1995; Kim et al., 2017), increased blood
pressure (Pinto, 2007), increased insulin resistance (Shou et al., 2020), and reduced vision

and hearing (Jaul & Barron, 2017) are all common physiological changes.

Older adults are at a higher risk of chronic disease. As such, over three quarters of
older adults live with at least one chronic condition (Canadian Medical Association, 2016).
Some of the most common chronic conditions among older adults are cardiovascular
disease, cancer, diabetes, osteoarthrosis, obesity, osteoporosis, chronic obstructive
pulmonary disease (COPD), periodontal, mood, and anxiety disorders (National Center for
Chronic Disease Prevention and Health Promotion, 2009; Public Health Agency of Canada,

2020). Among those aged 85 years or older the most common three diseases are



cardiovascular, osteoporosis and dementia (Jaul & Barron, 2017b). The prevalence of most
chronic diseases and conditions increases with age (Roberts et al., 2015). For example,
older adults with dementia between the ages of 65-69 the prevalence of dementia is 2.3%
in comparison to those who are aged 90 or older it is 42% (Organisation for Economic Co-

operation and Development, 2019).

Older adults often experience several forms of age-related deteriorations and
chronic conditions which can create complex health challenges specific to older adults,
termed Geriatric Syndromes. Geriatric syndromes are multifactorial conditions in older
adults which cannot be attributed to discrete disease categories (Inouye et al., 2007; Weber
et al.,, 2015). They include mobility impairment, cognitive deficits, dizziness, urinary
incontinence, depressive symptoms, frailty and falls, which can lead to decreased quality

of life and autonomy (Copeland et al., 2017; Inouye et al., 2007).

Combined with the onset of normal age-related physiological changes, chronic
conditions and geriatric syndromes, older adults utilize a disproportionate amount of health

care services (Tkatch et al., 2016).

2.1.3 Aging and Healthcare Resources

In comparisons to younger adults, the per-capita spending on health care is
substantially more expensive for older adults (Kalseth & Halvorsen, 2020) . In Canada, for
example, older adults only account for about 17% of the population, yet they are
responsible for 44% of health care expenditures (Accreditation Canada, et al., 2014). After
the age of 65, with every increment of 5 years, an increase in health expenditure can be
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observed (Canadian Institute for Health Information, 2019b). For older adults aged 65-69,
the annual average spending is equivalent to $6,656 whereas for people over the age of 80,
the costs are 20,792$ (Canadian Institute for Health Information, 2019b). Thus, there is an
association between increasing age and health care expenditures. Specifically, the presence
of disease and geriatric syndromes are both strong predictors of economic burden (Gjestsen
etal., 2018). Longitudinal studies have found that frailty is associated with increased health
care expenditures (Hajek et al., 2018; Mondor et al., 2019) and that the cost of falls ranges
from $3,476 per faller to $26, 483 per fall requiring hospitalization (Davis et al., 2010).
The majority of healthcare expenditures among older adults are allocated to inpatient and
outpatient services, however there is a growing cost of long term care (LTC) (Organisation
for Economic Co-operation and Development, 2019). Between 2009 and 2017, health care
expenditures in LTC grew by 6%, and these costs are expected to roughly double by 2050
(Macdonald et al., 2019). Age is independently associated with LTC admissions
(Harwood, 2004), thus the need for long term care services are expected to grow (United

Nations, 2015) .

2.2 Aging and Long-Term Care

Long-term care includes many different types of services including both in-home
and institutional help with basic activities of daily life such as dressing, cleaning, meals

and/or more complex healthcare services. (United Nations, 2015).

2.2.1 Transition to Long Term Care Facilities



Many older adults want to stay in their own homes as they age, however sustaining
independence is essential in doing so (Fausset et al., 2011). According to the ecological
model of aging, it is the interaction between a person’s capabilities and their home
environment that will indicate whether they are able to remain independent (Fausset et al.,
2011). If a home environment exceeds a person’s capabilities, remaining at home is not
possible. As older adults face a multitude of age-related risk factors leading to physical and
cognitive impairment, remaining independent poses significant challenges. As such, 39%
of older adults over the age of 65 receive formal or informal care at home (Statistics
Canada, 2018). Family and friends are the most common source of care for people with
significant impairments (Statistics Canada, 2018). Depending on the individual’s abilities,
care may be delivered sporadically or quite intensively. Trajectories and type of care differ
from one individual to the next, dependent on the availability of family members, financial
situation, and level of functional status (Organisation for Economic Co-operation and
Development, 2019). Care may be delivered gradually, beginning with occasional visits to
help with household tasks, but may evolve into personal care, and progress to end of life
care. On the other hand it may also be abrupt, due to an acute event (e.g., stroke) (Santoni
etal., 2017). Between 2007 and 2017, the proportion of older adults receiving external care
in their respective homes rose by 4%, around the world (Organisation for Economic Co-
operation and Development, 2019). The burden of care is one of the greatest factors
associated with LTC admissions (Wergeland et al., 2015). As functionality declines and
required care is increased, many older adults and their family members are faced with the

hard decision of resorting to LTC institutionalization (Wergeland et al., 2015).



2.2.2 Characteristics of Long-Term Care Residents

Long Term Care facilities include nursing or residential care facilities that provide
24-hour care for older adults who can no longer live independently (Ontario Long Term
Care Association, 2019; Organisation for Economic Co-operation and Development,
2019). In Canada, approximately 30% of older adults over the age of 85 live ina LTC

facility (Garner et al., 2018).

LTC residents represent a medically complex population. The average age of
admission to LTC is 85 years, and residents are predominately female (Government of
Alberta, 2018; Harris-Kojetin et al., 2016). The average life expectancy in LTC is 2.5
years (Healthforce Ontario, 2009). In a typical Canadian LTC home, two thirds of
residents have a form of dementia. Ninety percent have a form of cognitive impairment,
86% require aid to eat or use the washroom, 80% have a neurological disease, 76% have
cardiovascular disease, 62% have musculoskeletal disease, 61% take over 10
medications, and 21% have experienced a stroke (Ontario Long Term Care Association,
2019). Fifty-eight percent of residents use wheelchairs for ambulation. Similar findings
have been documented across Europe, where LTC residents are being admitted with
complex health care needs (Onder et al., 2012). Almost all residents in LTC have
multiple chronic conditions, severely impaired cognitive function and cannot perform
activities of daily living. Furthermore, 50% of LTC residents will experience at least one
fall every year (Cameron et al., 2018; Rubenstein, 1997). Given that older adults in LTC
have low functional capacity, life and daily activities may look different in comparison to

those who live in the community.



2.2.3 Life in Long Term Care

LTC facilities are staffed with a variety of personnel to deliver health and social
services. These include support for ADLs, administering medication, physical therapy, and
organizing recreational and spiritual interests (Government of Alberta, 2018; Onder et al.,
2012; Ontario Long Term Care Association, 2019). In a study by Harper (2002), it was
found that specific activity programming over the years has increased in LTC, but the rest
of the day remains largely undressed (Harper Ice, 2002). Residents spend the majority of
their time in their rooms (43%), followed by “parking areas” such as common rooms
(25.6%), and dining room (25.4%) (Harper Ice, 2002). Residents also spend large portions
of their day alone and in passive activities, with only a small amount in planned activities
(Harper Ice, 2002; Wood et al., 2009) . This leads to very few opportunities to engage in
meaningful activities, which are important for older adults in LTC (Gustavsson et al., 2015;
Mondaca et al., 2019). Older adults who are aggressive or with behavioural issues are
often not included in bigger group activities (Harper Ice, 2002). In a study examining how
much time older adults in LTC spend exercising, it was reported that only 10% of LTC
residents exercised at least twice a week for 45 minutes (De Souto Barreto et al., 2015). It
was noted that the presence of a health care professional was positively associated with
more physical activity among LTC residents. In a study by Lee et al. (2019), they found
that residents were engaging in sedentary behaviours and including sleep for up to 90% of
their day.

Furthermore, due to resident’s high risk for falls, many LTC practices encourage

sitting activities, and in some cases even incorporate physical restraints (Gastmans &
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Milisen, 2006). However, unintended consequences of prolonged sitting include impaired
muscle strength and balance which may ultimately increase the risk for falls (Gulka et al.,

2020).

2.3 Falls

2.3.1 Introduction to Falls

Falls are an event which results in a person coming to rest inadvertent on the floor
or ground (World Health Organization, 2020). As previously described, they are
considered a Geriatric Syndrome and signify underlying health deficits (Inouye et al.,
2007). It is estimated that 50% of residents will experience at least one fall every year
(Cameron et al., 2018; Rubenstein, 1997). Falls are devastating and can result in many
adverse physical and psychosocial health outcomes. They are the direct cause of 95% of
hip fractures among older adults (Parkkari et al., 1999), and can result in chronic pain,

disability, anxiety and social isolation (Public Health Agency of Canada, 2014).

2.3.2 Circumstances of Falls in LTC

Previous research has found that among community dwelling older adults
environmental hazards contribute most to falls whereas in LTC intrinsic risk factors (i.e.,
muscle weakness) are the major contributing factors (Rubenstein, 1997) In a study using
video footage it was found that the most common mechanisms of falls was due to improper
transfer or shifting of body weight (41%) during walking (24%), standing quietly (13%)
and stand-sit transition (13%) (Robinovitch et al., 2013). These study findings suggest that

targeting interventions with weight shifting elements could be beneficial to reduce falls in
10



LTC. However, this video-based study did not capture falls that occurred outside of the
common areas. Fall incident reports from LTC facilities indicate that the majority of falls
happen in the bathroom and bedroom (McArthur et al., 2016; McGibbon et al., 2019; Rapp
etal., 2012) and that most are unwitnessed (McArthur et al., 2016; Yang et al., 2015; Zhang
etal., 2019). In a study examining incident fall reports, the most common reported activity
prior to falling was unknown, followed by walking (McArthur et al., 2016). As such, there
is currently a gap in the literature regarding the circumstances of falls in LTC which is a
barrier for designing fall prevention interventions. However, it is agreed upon that balance

and postural control are critical to avoid falling.

2.3.3 Balance and Postural Stability

Balance and postural stability are controlled by sensory, cognitive and motor

processes (Figure 1). (Wallmann, 2009).
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Figure 1. Relationship between cognitive, sensory and motor system to control balance.

The sensory system (in conjunction with the CNS) receives, prioritizes and
processes visual, somatosensory, and vestibular inputs (Wallmann, 2009). However, with
older age, comes structural changes of the eye leading to poor visual acuity, contrast
sensitive and depth perception (Saftari & Kwon, 2018). Older adults also experience a
decline in somatosensory input, reducing information concerning support surfaces
(Saftari & Kwon, 2018). Vestibular function is also impacted with the gradual decline in
density of hair cells which allow for stabilization and self-orientation (Arshad &
Seemungal, 2016; Menant et al., 2012). These changes in the sensory system can reduce
an older adults ability to accurately perceive where their body is in space (lvanenko &
Gurfinkel, 2018), a miscalculation might be harmless some of the time, but it might lead

to a fall in other situations.
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The motor system plans, controls and executes a response from the inputs of the
sensory system. Neuromuscular coordination allows for commands to the muscles to
initiate appropriate muscular contractions for postural and balance control. This
mechanism is also hindered by the aging process. With age, there is a decline in the
number neurotransmitters and their conduction velocities (Hunter et al., 2016). The loss
of fast-twitch motor units impacts an older adult’s ability to quickly respond to
circumstances that challenge their balance (Hunter et al., 2016). Older adults also have
increased onset latency of muscle activation, disruptions in temporal organization, and
slower reaction times (Wallmann, 2009). In a study by Sawers et al. (2017), they found
that fallers were characterized by poor neuromuscular control (e.g., excessive
coactivation) in comparison to non-fallers. Age related loss in muscular strength also
contributes to falls as skeletal muscles including extensor muscles in the leg, gluteal
muscles, quadriceps, back extensors and cervical muscles are required to maintain
upright posture (Sawers et al., 2017). Sensory reweighting is also important to consider,
as it is the process of updating the sensory information for controlling posture (Nashner
et al., 1982) . Even if a person improves their balance control, it could result in a fall due
to improper information reweighting (Brika et al., 2021).

The cognitive system is important in regulating balance as attention, memory and
intelligence affect the older adult’s ability to anticipate and adapt to circumstances that
challenge their balance. There are many risk factors that can impair balance and postural

control among older adults that can lead to falls.

13



2.3.4 Risk Factors

Falls among older adults are multi-factorial and associated with many different
intrinsic and extrinsic risk factors. Intrinsic risk factors are defined as patient-oriented
whereas extrinsic factors involve the environment. In most cases falls are the result of

multiple interacting risk factors (Bueno-Cavanillas et al., 2000).

Extrinsic risk factors are described as those related to environmental factors and
include poor lighting, slippery floors, uneven surfaces, inappropriate footwear and mobility

aids (McGibbon et al., 2019; Public Health Agency of Canada, 2014).

Several well-studied intrinsic risk factors include history of falls (Zhou etal., 2017),
age (Ambrose et al., 2013; Inouye et al., 2007), sex (Masud & Morris, 2001), medication
(Berry & Miller, 2008), medical condition, (Inouye et al., 2007; Tinetti & Kumar, 2010),
cognitive impairment (Inouye et al., 2007), visual impairments (Lord et al., 2010), (Inouye
et al., 2007), decreased physical function (including poor muscle strength, gait speed and
balance) (Bueno-Cavanillas et al., 2000; Dipietro et al., 2019; Kyrdalen et al., 2019;
Morelnd et al., 2004), and frailty (Cheng & Chang, 2017). History of falls are the greatest
predictor for future falls, in both community dwelling older adults and those in long term
care (Deandrea et al., 2013). Among community dwelling older adults age is a predictor of
falls (Berry & Miller, 2008). However in LTC, age is not associated with fall risk
(Deandrea et al., 2013). Females are more likely to fall than men among community
dwelling older adults (Public Health Agency of Canada, 2014). However, in LTC, the

findings are mixed with some studies reporting more male fallers (Bueno-Cavanillas et al.,
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2000; Cameron et al., 2018; McGibbon et al., 2019; Rapp et al., 2012).

Specific medications such as benzodiazepines, sedative hypnotics, antidepressants,
anti-arrythmias, diuretics, and anti-seizure medication have been shown to increase the risk
for falls (Tinetti & Kumar, 2010). Risks increase significantly if a person is on more than
four medications (regardless of type) (Tinetti & Kumar, 2010; van Schooten et al., 2018).
Number and type of disease diagnoses are associated with falls among both community
dwelling and LTC residents (Masud & Morris, 2001; Tinetti & Kumar, 2010).
Parkinsonism, stroke, diabetes and dementia are associated with more falls in LTC (Bueno-
Cavanillas et al., 2000; van Schooten et al., 2018). LTC Residents with dementia are five
or more times more likely to fall, compared to those without (Cameron et al., 2018). Visual

impairments are also associated with increased risk for falls (Cameron et al., 2018).

Cognitive impairment is associated with falls (McGibbon et al., 2019). Among
older adults, a MMSE score less than or equal to 24 is associated with an increased risk for
falls (Gleason et al., 2009). Frailty among community dwelling older adults is associated
with falls (Cheng & Chang, 2017). However, in LTC settings it is has been found that
moderately and severely frail residents experience more falls in comparison to mildly and
very severely frail residents (Cameron et al., 2018). They suggested that moderate to severe
frailty could be considered the most vulnerable group to experience falls, as they could be
mobile but also dependent for most basic activities of daily living. In LTC settings, it is
likely that the mild frail and terminally ill residents are at lower risk of falls as the
terminally ill might tend to be bed bound (and thus at lower exposure to falls) whereas

those with mild frailty would be less at risk of falls as they likely have greater physical
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function (Cameron et al., 2018). This suggest that taking exposure time into account may

be important.

Interestingly, some studies among community dwelling older adults have found a U-
shape association between exposure time and falls, where those who are the most inactive
and active are at the greatest risk(Todd & Skelton, 2004). Although findings are
inconsistent, it is possible that higher amounts of physical activity increases the exposure
time for falls to occur. However, being physical active is generally positively associated
with physical function and muscular strength. Therefore, increasing physical activity
could reduce risk factors for falls. FAlls Risk by Exposure (FARE) is a way to account
for levels of physical activity (Wijlhuizen et al., 2010). Activity avoidance can
exacerbate functional decline and may lead to more falls (Hadjistavropoulos et al., 2010).
Psychological factors such as fear of falling and anxiety can also lead to poor balance

performance (Hadjistavropoulos et al., 2010).

Decreased physical function is one of the strongest independent predictors of falls
(along with previous falls as mentioned above). Gait speed among older adults in the
community is predictive of falls (Montero-Odasso et al., 2005; Tinetti et al., 1988). A gait
speed less that 0.6m/s is predictive of falls for community dwelling older adults (Studenski
et al., 2011). However, gait speed is not as strong of a predictor for falls in LTC (Datta et
al., 2018; Fein et al., 2017). Poor leg strength and balance are also risk factors for falls
(Berry & Miller, 2008). Despite the large number of risk factors, some are modifiable and

can be addressed through lifestyle interventions.
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2.3.5 Fall-Prevention Interventions

Fall prevention interventions target modifiable risk factors for falls. Fall
prevention interventions can be classified as single-component, multi-component or
multifactorial, according to the Prevention of Falls Network Europe (ProFANE) (Lamb et
al., 2005). Single component programs involve one or a combination of interventions
from the same category (e.g., exercise). Multiple component interventions include
components from many different risk categories (e.g., exercise and education).
Multifactorial interventions are tailored to an individual’s risk assessment and includes
multiple different components such as exercise, education, and medication review (US

Preventive Services Task Force, 2018).

Previous systematic reviews have found that exercise programs are the most
effective fall prevention intervention among community dwelling older adults (EI-Khoury
et al., 2013; Sherrington et al., 2017). Exercise interventions that include balance and
functional exercises are the more effective in fall prevention (Ng et al., 2019). It is
recommended that exercise interventions be delivered 3 times per week and sustained over
the long term (Sherrington et al., 2017). Sibley et al. (2021) recommended that anticipatory
control, dynamic stability, functional stability limits, reactive control, and flexibility
exercises are key components to designing fall prevention programs among oldere adults

65 and older.

However, the effectiveness of such interventions to reduce falls in LTC are

inconclusive and conflicting. In systematic reviews by Cameron et al. (2018) and
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Sherrington et al. (2017), they found that exercise interventions had no effect on falls
among older adults in LTC institutions. On the other hand, Gulka et al. (2020) found that
exercise was effective in reducing falls among older adults in LTC. Unlike the previous
reviews, this meta-analysis only included interventions that took place in high-care
residential environments (defined as residential facilities that provide 24-hour-a-day
surveillance, personal care, and limited clinical care for persons who are typically elderly
and infirm) and that were carried out for at least 6 months (Gulka et al., 2020). However,
they noted that the generalizability of these findings to real world settings are questionable
as many of the current exercise interventions exclude residents with cognitive impairments
and dementia. Schoberer and Breimaier (2020) found that exercise interventions were only
effective in LTC facilities that excluded frail residents. They suggested that older adults
with high levels of frailty may not be able to tolerate traditional forms of exercise due to

low physiological reserve and capacity (Schoberer & Breimaier, 2020)

Recently, research has highlighted the functional benefits and feasibility of
replacing sedentary time with light physical activity (Ross et al., 2020) which might be an

effective fall prevention intervention in this setting.

2.4 Sedentary Behaviour

2.4.1 Definition and Prevalence of Sedentary Behaviour

Sedentary behaviour is defined as “any waking behaviour characterized by an
energy expenditure less than or equal to 1.5 metabolic equivalent tasks (METS), while in a
sitting, reclining, or lying posture” (Bassett et al., 2010; Tremblay et al., 2017). Sedentary
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behaviour exists on a movement continuum that includes light physical activity (LPA),

moderate physical activity (MPA) and vigorous physical activity (VPA). (Figure 1.)

Light Physical Moderate Vigorous

Activity Physical Activity Physical Activity

0.9 METS 1.5 METS 3 METS o METS

Figure 2: Metabolic Equivalent Task (MET) Classification

Sedentary Behaviour

Sedentary behaviour encompasses many seated, reclining, and lying activities, such
as reading, watching television, talking, drawing, and using electronic devices. Although
sedentary behaviours are performed while in sitting, reclining or lying postures, there are
both passive and active forms that must be accounted for (Tremblay et al., 2017). For
example, sitting is an identified sedentary behaviour, but sitting while performing a cyclic
activity may be considered exercise (i.e., cycling). Research has also highlighted the
importance to distinguish between different types of sedentary behaviour as some
cognitively engaging activities may be beneficial while more passive forms of sedentary
behavious (such as watching TV) may be detrimental (Copeland et al., 2017). For example,
it has been found that cognitively and socially engaging sedentary activities such as board
games, doing crafts, and bingo have different effects than activities that are less stimulating

(Dograetal., 2017). These types of activities may contribute to healthy aging as they allow
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for continued social networking and social stimuli. However, it was noted that the benefits
from these ‘good’ sedentary activities could be further enhanced through introducing light

movement (O’Neill & Dogra, 2016).
Light physical Activity

Light physical activity includes a wide range of activities greater than 1.5 and less
than 3 METSs. Many activities of daily living, such as cooking, doing dishes, dressing and
toileting fall into this category. Light physical activity also includes bowling, sweeping,
fishing, walking, and yoga (Jetté et al., 1990). Unlike sedentary behaviours, many (but not
all) light physical activities involve standing. The ability to perform light physical activity,
such as normal activities of daily living, is an important marker to be able to live

independently.
Moderate and Vigorous Physical Activity

Moderate intensity includes activities between 3 and 5.9 METs (Jetté et al., 1990).
Some examples include swimming, skating, weeding, mowing the lawn, heavy housework,
and carrying heavy groceries. Vigorous physical activity is typically obtained through
planned exercise. It includes activities of 6 METS or higher. Some examples of vigorous
physical activity include running, cycling, rowing, heavy outdoor work. There are many
known health benefits from participating in activities within this range of METs. However,
research has shown that older adults are less likely to participant in moderate and vigorous
physical activity and that they spend the majority of their time in engaging in sedentary
behaviour (Gibbs et al., 2016).
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2.4.2 Sedentary Behaviour and Physical Inactivity

Sedentary behaviour differs from physical inactivity. Physical activity is an
insufficient level of MVVPA to meet the guidelines (Tremblay et al., 2017). Physical
activity guidelines have been developed to help individuals achieve optimal health
benefits. Previous versions of the guidelines have focused on physical activities classified
as moderate to vigorous intensity (MVPA) and suggested that older adults accumulate at
least 150 minutes of moderate to vigorous physical activity per week. In addition, they
also suggested muscle and bone strengthening activities twice a week and to incorporate
mobility exercises (Canadian Society for Exericse Physiology, 2011). Individuals who
are able to meet the guidelines have a reduced risk of chronic disease and premature
death, and are more likely preserve functional independence, mobility, healthy body

weight, and mental health (Canadian Society for Exericse Physiology, 2011).

Emerging research suggests that physical activity patterns outside of the 150
minutes of MVPA can also have an impact on health outcomes (Hamilton, 2018). Current
guidelines for older adults suggest breaking up sitting time as often as possible and
limiting sedentary time to 8 hours or less (Ross et al., 2020). However, this field of
research is still evolving, with much debate on the physiological mechanisms of
sedentary behaviour, the validity of the evidence, and what mode or frequency to best

replace sitting time with.

Work from Hamilton (2018) suggests that physical inactivity and sedentary

behaviour elicit different physiological responses. That is to say the benefits achieved
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from 150 minutes of MVPA are different to those achieved by breaking up/ reducing
sedentary time. Following the specificity rule, detriments caused by prolonged sitting can
be attenuated by reducing sitting time that may not necessarily require high intensity
movements (Hamilton, 2018). Hamilton (2018) suggests that people should ideally

engage in both 150 minutes of MVPA and high frequency of LPA (reduced sitting).

Contrarily, in a study of 1 million men and women it was found that 60-75
minutes of MVPA can eliminate the detrimental effects high sedentary time (> 8 hours)
on all cause morality (Ekelund et al., 2016). It is argued that the independent mechanisms
of sedentary behaviour as an independent risk factor are still not well understood, and
that it is possible the consequences of sedentary (sitting) time are simply those of too
little physical activity (Stamatakis et al., 2019). Recently, Ekelund et al. (2019) used
accelerometry data among middle and older adults and found that higher levels of
physical activity at any intensity (LPA or MVVPA) and less time sedentary was associated

with reduced risk for premature mortality.

Older adults in LTC are both sedentary and physically inactive. Despite the
evolving research in the field of sedentary behaviour, the current literature is sufficient to
promote that replacing sedentary behaviour with physical activity of any intensity is
beneficial (Chaput et al., 2020). Furthermore, replacing sedentary behaviour with light
activities (including standing) has health benefits and may be more attainable for older
adults (Bull et al., 2020). This is reflected in Schoberer & Breimaier (2020)’s systematic
review where frail older adults in LTC participating in exercise increased their risk for

falls, but may have responded to a lower intensity intervention.
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Worldwide, sedentary behaviour has become increasingly prevalent with work
and leisure time spent predominately sitting (Tremblay et al., 2017). Community-
dwelling older adults spend approximately 80% of their day sitting (de Rezende et al.,
2014) and residents of LTC spend over 90% (Lee et al., 2019). Furthermore, only,
approximately 1/3 of community dwelling older adults in the are meeting the aerobic
section of the guidelines (Dipietro et al., 2019) and 9% of LTC residents partake in
exercise twice per week for 45 minutes. Older adults in LTC are both inactive and
sedentary (De Souto Barreto et al., 2015). Although it is recommended to engage in
MVPA and reduce sedentary time, older adults often do not have the capacity to do so.
Older adults may benefit from reducing sedentary time, as it is associated with many

poor health incomes (Copeland et al., 2017).

2.4.3 Sedentary Behaviour and Health Outcomes

At this time, much of the literature regarding the impacts of sedentary time are

based on epidemiological studies. Research has found strong associations between time

spent engaging in sedentary behaviour and all-cause mortality, cardiovascular disease, type

2 diabetes and certain types of cancer (Dempsey et al., 2020). Literature suggests that the

reduction in energy expenditure associated with sedentary behaviour is a major

contributing factor to the obesity epidemic (Hamilton, 2018). Prolonged sedentary time has

been associated with an increased risk of obesity, metabolic syndrome, and type 2 diabetes

(Bailey et al., 2019; Bankoski et al., 2011). A systematic review investigated the impact of

interventions to reduce sedentary behavior on cardiovascular disease and type 2 diabetes

(Hadgraft et al., 2020). It included participants over the age of 18 within 54 different
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studies. The results showed that interventions specifically aimed at decreasing sedentary
time had small but positive impacts on weight control, waist circumference, percent body
fat, systolic blood pressure, insulin, and high-density lipoprotein. The authors noted that
higher quality and longer-term interventions are still needed to identify optimal sedentary

behavior interventions to reduce cardiometabolic risk factors (Hadgraft et al., 2020).

Sedentary behaviour is associated with decreased cognitive function, poor mental
health, quality of life, physical function and falls (Copeland et al., 2017). Over an eight-
year period it was reported that greater sedentary behaviour was associated with cognitive
decline (Copeland et al., 2017). Evidence from three cohort studies found that depressive
symptoms and sedentary behaviour were positively associated, however that further
investigation is required to determine the direction of this relationship (Okely et al., 2019).
Buman et al. (2010) found that sedentary time was associated with poor psychosocial well-
being. However, further research is required to investigate the differences between types

of sedentary behaviour (e.g., reading versus watching television).

Sedentary behaviour is associated with poor physical function (Dogra et al., 2017;
Thyfaultetal., 2015). Excessive sedentary behaviour can accelerate the normal age-related
changes such as muscle mass loss and strength loss (Pouran, 2015). A handful of
epidemiological studies have found that replacing sedentary time with light physical
activity is associated with lower frailty status for older adults (Blodgett et al., 2015; Mafias
et al., 2017; Song et al., 2015). Song et al. (2015) noted that even replacing as little as 1
hour of sedentary time with non-sedentary activity can reduce physical frailty. Copeland

et al. (2017) found that prolonged sitting time (>8 hours) was associated with falls.
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2.4.4 Sedentary Behaviour, Standing and Falls

Epidemiological studies have found that prolonged sedentary time is associated
with falls among older adults (Copeland et al., 2017; Rosenberg et al., 2021; Thibaud et
al., 2012). Replacing sedentary time with standing could improve neuromuscular control,
muscular strength and balance (Rosenberg et al., 2021). As highlighted above, the
sensory, cognitive and motor systems are essential in maintaining balance (Zhou et al.,
2017). When focusing on the motor system specifically, sedentary behaviour can
accelerate the age-related deteriorations that can increase a person’s risk for falls.
Sedentary behaviour can increase chronic inflammation, anabolic resistance, and reduced
satellite cell activation/muscle regeneration leading to muscular weakness (Davies et al.,
2019). Standing as an intervention to reduce sedentary behaviour increases the demands
on postural muscles including extensor muscles in the leg, gluteal muscles, quadriceps,
back extensors and cervical muscles (Ivanenko & Gurfinkel, 2018; Wallmann, 2009).
Standing requires muscular engagement as body weight represents a load that must be
supported through type 1 muscle fibers (Ivanenko & Gurfinkel, 2018; Pesola et al.,
2016). Following the fitness principles, increased standing time could be a suitable
intervention, as it provides muscular overload. Muscular overload elicits physiological
adaptations such as greater motor unit recruitment and muscle fiber size (Hunter et al.,
2016). Older adults in LTC would have a very low ‘initial value’ of muscular strength,
muscle fiber size, and motor unit recruitment meaning they could potentially have more
to gain from standing. Standing would challenge static balance abilities, as it requires

keeping the center of mass within the base of support. It is a motor skill which should be
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‘practiced’ to allow for proper motor planning, coordination and execution (Voelcker-

Rehage, 2008).

As highlighted in the ‘Circumstances of Falls’ section, improper weight shifting
while in an upright position is a contributing factor for falls which could be addressed
through increased standing time. Older adults in LTC could benefit from replacing
sedentary time with standing. However, very few studies have investigated the

effectiveness of sedentary behaviour interventions.
2.4.5 Sedentary Behaviour Interventions

Sedentary behaviour interventions among older adults in long term care are scarce.
However, among community dwelling and retirement on home older adults several
strategies to reduce sedentary time among older adults have been examined. They include
goal setting, education, self-monitoring, coaching, peer support, habit formation, and

environmental restructuring (Petrusevski et al., 2020).

In a study among inactive community dwelling older adults, a comparison between
an intervention focused on increasing MVPA versus decreasing sedentary behaviour found
that the participants who aimed to decrease sedentary behaviour had physical function
improvements (Gibbs et al., 2016). Rosenburg et al. (2015) aimed to replace sitting time
with light activity (increase 15 sit-stand transition per day and reducing sitting time by 2
hours per/day) over eight weeks. They observed a 27-minute decrease in sitting time per
day. This study found a significant improvement in gait speed (Rosenberg et al., 2015). In
a pilot study by Harvey et al. (2018) in sheltered housing complexes including medically
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stable, independent ambulatory, older adults, they found that a motivational and real-time
feedback intervention to reduce sitting time resulted in clinically significant important
gains in the Timed up and Go and sit-stand tests. However, they noted recruitment and
retention was low (Harvey et al., 2018). Recently a study among older adults living in
retirement homes found that aiming to reduce over sitting time and increasing sit-to-stand
transitions resulted in better physical function outcomes and reduced sedentary time (Butte

& Levy, 2021).

Specific to older adults in LTC and standing, a pilot study aimed to explore the
attendance and functional outcomes of an intervention aimed at reducing sedentary time.
The intervention replaced sitting time with a standing through three daily sessions four
times per week over 10 weeks. The team found that weekday morning and afternoon
sessions were more highly attended than weekends and evenings. Participants stood for an
average of 45 minutes per week. To measure physical functional, the participants
performed 30 second sit-stand test, 10-meter walk, and isometric leg strength test. An
improvement was found in the 30-second sit-stand test. This study did not report any falls.
This pilot identified preferred times for standing sessions in LTC and demonstrated that
reducing sitting time through standing was a safe intervention in this setting. The authors
noted that if the times that the sessions were offered were adapted to the residents’
preferences, they may have seen a higher attendance rate and a higher average standing
time. As outlined, the few sedentary behavior interventions have investigated the impacts

on physical function but have not measured how this translates to falls.
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To properly assess the impacts of reducing sedentary time, it is important to identify

tools that accurately measure sedentary behaviour.

2.4.6 Tools to measure sedentary behaviour

Reliable and valid tools must be used to measure and describe sedentary behaviour.
Reliability refers to the tool’s ability to consistency measure sedentary behaviour (i.e., will
it repeatedly measure the sedentary behaviour?). Validity is the tool’s ability to accurately
measure sedentary behaviour (i.e., is it measuring what it’s supposed to be measuring?)
(Sullivan, 2011). Both subjective (e.g., questionnaires) and objective (e.g., accelerometers
and inclinometers) tools have been validated to measure sedentary behaviour, each with

their set of advantages and disadvantages.

Self -reported tools include questionnaires, logs, and diaries (Bakker et al., 2020).
Self-reported subjective tools give context to the types of sedentary behaviour being
performed. The type of sedentary behaviour (e.g. watching TV vs. reading) might have
different effects on health (Dogra et al., 2017). Questionnaires may be administered with a
large population but risk inaccuracy and bias results (Copeland et al., 2017). It is important
to select questionnaires that are appropriate to the population and ensure its validation
within that cohort. For example, the Workplace Sitting Questionnaire would not be an
appropriate choice to evaluate sedentary behaviours for older adults in LTC. The Sedentary
Behaviour Research Network (SBRN) lists some of the most commonly used
questionnaires including the SIT-Q, the Sedentary Behaviour Questionnaire (SBQ),

Measure of Older Adults’ Sedentary Time (MOST) (Sedentary Behaviour Research
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Network, 2020). However, it is important to acknowledge that subjective measures often
underestimate sedentary time and overestimate time spent engaging in physical activity.
Self-reported methods (questionnaires, logs and diaries) are known to have limited utility

for measuring total time spent engaging in sedentary behaviour (Heesch et al., 2018).

Objectively, it is common practice to use accelerometers and inclinometers to measure
sedentary behaviour. To assess the validity of accelerometers, it is typically compared to
the gold standard measure of calorimetry or direct observation (Heesch et al., 2018).
There are many different types of accelerometers that can be used to measure sedentary
behaviour, including ActiGraphs (LLC. (FL, USA)., ActivPAL (PAL Technologies
LTD., Scotland, UK), and Actical (Philips Respironics (OR, USA).These wearable
devices are more expensive, and typically cannot be as widely distributed as
questionnaires. A weakness of inclinometers and accelerometers include not being able to
distinguish between wake time and sleep, such information is important to account for
sleep time as sleeping is a healthy behaviour and unlike sedentary behaviour should not
disrupted. Accelerometers cannot differentiate between postures which is major
limitation (Stamatakis et al., 2019). However, more recent technologies have included
inclinometers in accelerometers to differentiate the postures (Heesch et al., 2018).
Inclinometers are able to detect standing versus sitting and capture the number of

transitions (sit to stand) an individual may perform.

Due to extensive time spent engaging in sedentary behaviour, accelerometer
logarithm may classify sedentary behaviour as non-wear time. Literature has noted the need

for more older adult specific validation studies of accelerometers (Heesch et al., 2018). In
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Heesch and colleague’s systematic review, they only included studies with older adults
living in the community. It did not examine populations living in LTC or having specific

diseases, which may include additional considerations when using objective measures.

Subjective and objective measures have been used in conjunction to measure
sedentary behaviour most efficiently. While objective tools are able to measure total
sedentary time more accurately, the subjective tools are better at identifying the different
types of behaviours. It is recommended that both tools be used to measure sedentary
behaviour when possible (Prince et al., 2017). For example, using a daily activity log in

combination with an accelerometer.

In summary, subjective and objective tools provide different information about
sedentary behaviour. However, when selecting which tool to use it is important to review
the reliability and variability within subpopulations. Each tool presents itself with certain
limitations that should be accounted for when interpreting findings and analysis. Both
subjective and objective methods can be used together to capture the most accurate
information. As such, it is important to choose appropriate tools to accurately measure

sedentary behaviour to address barriers that inhibit change.

2.4.7 Barriers to Reducing Sedentary Behaviour

In a study by Yuh-Min Chen (2010), regarding the perceived barriers to physical
activity among older adults residing in LTC institutions included many modifiable
challenges including physical frailty, fear of injury and falling, past sedentary lifestyle,
insufficient understanding about physical activity and environmental restriction. It was also
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noted that staff were less likely to encourage physical activity if the resident was anxious
or agitated (Butte & Levy, 2021). To prevent aggressive or ‘moody’ behaviour, LTC staff
often encouraged passive, sedentary activities. Furthermore, organizational barriers such
as space for activities or staffing constraints hinder residents’ ability to reduce sedentary

behaviour (Benjamin et al., 2016).

The use of sedative medication has also been reported as a barrier as it inhibits
interest and ability to partake in physical activity. Fear of falling is frequently cited as a
barrier to reduce sitting time. “I am afraid I might fall again, so I don’t want to perform
physical activity. If | fall again, | could make my present problem worse”. Benjamin et al.
(2016) noted that many residents had impaired mobility and that prolonged sedentary time
may increase further disability. Fear of falling and falls efficacy can contribute to poor
balance and activity avoidance (Hadjistavropoulos et al., 2010). Activity restriction is often
practice in LTC to reduce falls exposure. However, restricting movement could cascade

into functional decline which can increase an older adult’s risk for falls (Gulka et al., 2020).

2.5 Gap in Literature

This literature review demonstrates that falls are associated with many risk factors
including sedentary behaviour. Whereas exercise training is the most effective fall
prevention intervention among community dwelling older adults, its impact is inconclusive
among LTC residents. Frail older adults in LTC may not have the functional capacity to
participate in high intensity physical activity interventions (Schoberer & Breimaier, 2020).

Research suggests that functional benefits can be achieved simply through replacing
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sedentary time with light activity such as standing, especially among inactive frail older
adults (Harvey et al., 2018). It is possible that prolonged periods of muscular unloading
experienced with sedentary behaviour may exacerbate functional decline increasing the

risk of falls (Dogra et al., 2017).

Sedentary behaviour interventions have been implemented among older adults and
have resulted in improved physical function outcome measures (Barone Gibbs et al., 2016;
Butte & Levy, 2021; Rosenberg et al., 2015), however these studies did not report on falls,
nor were they in LTC settings. Ina pilot study by Lee et al. (2020) they found that reducing
sedentary time through increasing standing time was feasible in LTC and could result in
functional benefits. Thus, it is currently unknown if an intervention to replace sitting time

with standing can reduce the risk of falls among older adults in LTC.

2.6 Objectives and Hypothesis

The primary objective of this study was to investigate if a 22-week standing

intervention in LTC would reduce the risk of falls over a 12-month follow-up period.
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3.1 Abstract

Introduction: Fifty percent of older adults in long term care (LTC) experience at least one
fall ever year. Sedentary behaviour is a modifiable risk factor for falls. The purpose of this
study was to investigate if a 22-week standing intervention in LTC would reduce the rate

of falls during a 12-month follow-up period.

Methods: This was a secondary analysis of the Stand if You Can Randomized Controlled
Trial. Briefly, 96 LTC residents were randomized to either a sitting control or standing
intervention comprised of 20 minutes of supervised sessions five times per week over 22
weeks. The outcome measure was time to fall events during the 12-month follow-up.
Falls events were identified from incident reports at the LTC facility between 6-months
pre-intervention up until 12-months post intervention. We applied an Andersen-Gill
model to assess the hazard ratio of falls in the intervention group relative to the control
group after accounting for number of falls 6-month prior to the intervention, cognition,
frailty, and sex. Attendance during the intervention was collected and reported on a

weekly basis.
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Results: Of the initial 96 participants, 89 were followed for 12-months. The mean (SD)
age was 86 years (8.05) and 72% were female. The mean (SD) weekly attendance for the
intervention and control group was 42 (30.82) and 56 (19.33) minutes, respectively.
Participants in the intervention group had a significantly greater hazard of falling 2.01 (1.11
— 3.63) compared to the control group (p = 0.02) when accounting for previous falls,

cognition, frailty, and sex.

Discussion/Conclusion: Participants receiving the standing intervention were more likely
to fall at 12-months follow up than the control group. However, these results should be
interpreted with caution given that this was a secondary analysis. More studies are needed

to understand the impact of standing in this population.

Keywords: Sedentary Behaviour, Standing, Falls, Long Term Care
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3.2 Introduction

It is estimated that 50% of older adults in living in long term care (LTC) fall at
least once every year (Cameron et al., 2018). Falls are two to three times more frequent
among LTC residents than community dwellers (Harris et al., 2010). Among older adults,
falls are the leading cause of injury-related hospitalization in Canada and the second
leading cause of injury-related mortality worldwide (Public Health Agency of Canada,
2014; World Health Organization, 2020). Falls are a devastating event and can lead to
fractures, disability, fear of falling, social isolation and chronic pain (Berry & Miller,
2008). LTC residents are especially vulnerable to falls as, in general, they are
characterized by many fall risk factors including cognitive impairment, low physical
function, and multiple chronic conditions (Bueno-Cavanillas et al., 2000). A common
practice in LTC to prevent falls is to promote sitting activities (i.e., sedentary behaviour)
and in some cases, physical restraints (Gulka et al., 2020). However, prolonged sedentary

behaviour can exacerbate functional decline that can increase a person’s risk for falls.

Sedentary behaviour is defined as any waking behavior characterized by an energy
expenditure <1.5 metabolic equivalent tasks (METs) while in a sitting, reclining, or lying
posture (Tremblay et al., 2017). Previous research has found that sedentary behaviour is
associated with many poor health outcomes including an increased risk of falls (Copeland
etal., 2017; Thibaud et al., 2012). Increased sedentary time could reduce lower-extremity
stability, neuromuscular function, strength, and balance, which could lead to falls. Older
adults in LTC spend over 90% of their time engaging in sedentary behaviour, which

provides a window of opportunity for fall prevention interventions.
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A pilot study by Lee et al. (2020) aimed to explore the attendance and functional
outcomes of replacing sedentary time with standing in LTC settings. The intervention
comprised of three daily standing sessions of 10 minutes four times per week over 10
weeks in LTC. They found improvements in the 30 second sit-stand test and did not
report any adverse events during the standing sessions (Lee et al., 2020). However, they

did not record falls outside of trial or over a follow-up period.

The objective of this study was to explore the impact of a 22-week standing

intervention on falls among LTC residents at 12-months follow-up.

3.3 Methodology

3.3.1 Study Design

This was a secondary analysis of the Stand if You Can Randomized Controlled
Trial (RCT). Briefly, four LTC facilities from New Brunswick, Canada were recruited
and randomized to either a 22-week standing intervention or sitting control condition.
The main goal of the RCT was to improve gait speed in the intervention compared with
the control group. The RCT was registered at ‘ClinicalTrials.gov’ as NCT03796039. For
this secondary analysis, participants were followed for an additional 12 months post-trial
to investigate the long term impact of the intervention on falls. Research ethics review
and approval was granted by the institutional research ethics board under the file number

2018-173.

3.3.2 Recruitment

Participants were recruited from four LTC facilities that provide accommodation,

supervisory care, personal care, and medical services on a 24-hour basis (Government of
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New Brunswick, 2019). The trial was targeted towards LTC residents who needed
assistance to transfer from sit to stand. LTC rehabilitation staff identified potential study
candidates based on this recruitment target. The potential study participants and substitute
decision maker were provided with information regarding the trial and were asked to

contact the research assistants to enrol.
3.3.3 Participants

The inclusion criteria for the original study were 1) to be a resident at one of the
LTC facilities, 2) be able to provide consent or assent, and 3) able to walk 10 meters with
or without assistance. Participants in the original RCT were excluded from this follow-up
study if they died or transferred LTC facilities during the 22-week intervention

timeframe.
3.3.4 Sample Size

Sample size calculations were performed based on the primary outcome of the
intervention: gait speed. The clinically important difference for gait speed is 0.1m/s
(Middleton et al., 2015) and was used to determine the sample size. Given a cluster size
of two, an estimated small-to-moderate clustering effect (intraclass correlation coefficient
= 0.075), a within-group standard deviation of 0.10 m/s (Goldberg & Schepens, 2011), an
alpha = 0.05, and 80% power, this study required at least 36 participants per group. To
account for an expected loss to follow-up of 20%, it was determined to recruit a

minimum of 44 participants per group.
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3.3.5 Randomization

After recruitment of all participants and baseline data collection, a research
investigator not involved in trial recruitment, data collection nor implementation used a
random number generator to construct a permuted-block randomization list (block size =
2). Participants were cluster-randomized by LTC facility to the intervention group or the
control group on a 1:1 basis. Randomization only occurred after baseline testing so that

all people involved were blinded during baseline data collection.

3.3.6 Intervention

Participants randomized to the standing intervention aimed to stand for 100
minutes per week. Standing sessions were offered twice a day, five days a week
(Monday-Friday), for a total of 20 minutes per day for 22 weeks. Participants were able
to take up to five breaks per session, as need be. The standing sessions were offered by
research assistants in a group setting; however, accommodations were made if the
participant preferred to stand individually. The research assistants had planned social
activities for the participants to engage in throughout the sessions. Social activities
included charades, music and puzzles. To match the social exposure, the control group

received social visits of 100 minutes per week however, they were not invited to stand.

3.3.7 Outcome Measure

The outcome measure of this secondary analysis was time to each fall
event during the 12-month follow-up, measured in days. A fall was defined as any
unintentional change in position where the residents ends up on the floor, ground or other
lower level (Canadian Institute for Health Information, 2010). Falls are routinely
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collected data in LTC facilities and are reported through incident reports, noting the date
of the fall event. Falls were audited for 6 months prior to the study (to provide baseline
data), during the 22-week intervention period, and for 12 months post trial follow up. The
time to each fall was measured in days, calculated using the first post-trial day O.
Participants were censored upon reaching 12-months post trial follow-up or time of

withdrawal (i.e., death or facility transfer).

3.3.8 Participant Characteristics and Potential Cofounders

Sex, age, body mass index (BMI), length of stay in LTC facility, mobility status,
primary diagnosis/diagnosis for current stay, frailty status, standing time (ActivPAL
(PAL Technologies LTD., Scotland, UK)), gait speed, leg strength, and cognition were
collected at baseline. Attendance during the intervention was collected and reported on a

weekly basis during the 22-week intervention period.

Sex, age and primary diagnosis/diagnosis for current stay were derived from the
participant’s chart at baseline. BMI was calculated using height and weight measured at
LTC facilities. Length of stay was derived using the admission date noted in the LTC file

and the start of the intervention. Length of stay was denoted as time in months.

Mobility status was assessed by LTC staff following jurisdiction regulations
(Work Safe New Brunswick, 2020). Residents were categorized as requiring no
assistance to transfer from sit to stand (independent), requiring staff assistance to stand
(assisted transfer), or requiring staff and mechanical assistance to stand (dependent).

Mobility status is assessed upon admission, quarterly (90 days) or when a significant
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change in health status occurs. Mobility status from the most recent record was reported

in our study.

LTC rehabilitation staff were asked to assess the participants frailty status using
the Clinical Frailty Scale (Rockwood & Theou, 2020). The Clinical Frailty Scale is a
validated 9-point tool used to assess the overall level of fitness or frailty of an older

adult (Rockwood & Theou, 2020). It ranges from 1 (fit) to 9 (terminally ill).

Daily standing time prior to the start of the intervention was measured using
ActivPALs (v8.10.6.33, PAL Technologies Ltd., Glasgow, Scotland). ActivPALs are
known as the gold standard measurement of sedentary behaviour (Byrom et al., 2016).
The activPALSs were attached to the participants right thigh and worn for seven
consecutive days at baseline. To be valid, a minimum wear time of 10 hours per day over
four days was required (Migueles et al., 2017; Trost et al., 2005). ActivPAL data was
categorized into different daily movement patterns such as sitting, standing, stepping, and
transitioning (sit-stand) using the CREA beta algorithm by PALbatch software
(v8.10.6.33, PAL Technologies, Glasgow, Scotland). Average daily standing time in

minutes was reported.

The Mini-mental State Examination (MMSE) questionnaire (Folstein et al., 1983)
was used to assess cognition by research assistants at baseline. Scored out of 30, the
questionnaire categorized a person as having none, mild or severe cognitive impairment.
A score of 0-17 indicates severe cognitive impairment, 18-23 as mild, and 24-30 as no

cognitive impairment (Tombaugh & Mcintyre, 1992).
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Gait Speed was measured at baseline over 10 meters at a self-selected pace with
or without an assistive device. The first and last two meters allowed for acceleration and
deceleration, with the intermediate 6 meters used to capture total time walking (in
seconds). Research assistants used stopwatches to record the time. Two trials were
conducted per participant. Gait speed (m/s) was derived by dividing the total time by six.

Gait speed was reported as average time over the two trials.

Leg Strength was measured via knee extension using a handheld dynamometer
(Lafayette Hand-Held Dynamometer, Lafayette Instrument, Sagamore, USA).
Participants were seated in a chair with their arms folded across their torso and instructed
to extend their leg as forcefully as possible. Peak strength was recorded in
kilograms (kg). Leg strength was assessed twice on each leg, with an additional trial if
the first two differed by more than one kg. The best score from each leg was averaged

and reported.

Intervention attendance was monitored and tracked using a daily log for
participants in both the intervention and control groups. Total attendance time per session

was recorded in (minutes) by the research assistants.

3.3.9 Statistical Analysis

Descriptive statistics are presented as means (standard deviation) or
frequencies (%). An Andersen-Gill model was used to investigate the risk of falling
between the intervention and control group over the 12-month follow up. Andersen-Gill
is an extension of the Cox proportional hazard survival (time-to-event) model that allows

for recurring events (Robertson et al., 2005). The model uses a clock-forward approach
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and treats each event as a clustered by participant but otherwise independent observation.

The final result is expressed as a hazard ratio estimate.

The model was adjusted for number of previous falls during 6 months prior to the
intervention to account for its prognostic importance. Previous falls are considered to be
one of the greatest predictors of future fall events (Masud & Morris, 2001). Frailty status,
MMSE score, and sex were also added as covariates in the Andersen Gill model. Tests
for the Cox proportional hazard assumption did not find evidence of egregious violations

(global chi-square p=0.77).

The data were analyzed using SPSS (SPSS Version 27.0) for descriptive statistics,
as well as R (R Version 4.10) and the survival package (Therneau et al., 2021) for the

Andersen-Gill model.
3.4 Results

A total of 96 participants were recruited to the original study, of which 89
(92.7%) were included in the 12-month follow up analysis (Figure 1). The intervention
and the control groups were composed of 44 (49.44%) and 45 (46.8%) participants,
respectively (Table 1). Participants had a mean (SD) age of 86 (8.05) and 64 (71.9%)
were female. The average standing time was 94.46 (105.52) minutes per day. A total of
31 (34.8%) participants had experienced at least one fall in the previous 6-months (Figure
2). The mean weekly attendance for the intervention and control group was 42.1 (30.8)
and 56.4 (19.3) minutes, respectively. Over the 12-month follow-up period a total of 107
falls occurred (n= 39 control; n=68 intervention). There was only 1 fall occurrence during

the standing intervention sessions.
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The Andersen-Gill model showed that participants in the intervention group had a
greater likelihood of falling 2.01 (1.11 to 3.63) than the control group (p = 0.02) when

accounting for previous falls, frailty status, MMSE score and sex.

Chapter 4: Discussion

The purpose of this study was to investigate the impact of a standing intervention
on falls over a 12-month follow-up period. Contrary to our hypothesis, LTC residents
who received the standing intervention experienced a two-fold increase in their risk of
falling compared to those in the control group. The following discussion offers possible
reasons for these findings and presents some next steps to reduce falls using standing

interventions in LTC.

Over the 12-month follow-up, 44% of participants in the control group
experienced a fall, whereas 57% of participants in the intervention group reported falls.
However, previous research has reported that 50-75% of older adults in LTC will fall at
least once each year (Rubenstein, 1997). This means that whereas the intervention did
increase the hazard for falls in comparison to older the control group, it did not surpass

the prevalence of falls reported in other LTC facilities.

The primary aim of the original RCT was to improve physical function measured
through gait speed (primary outcome measure) and leg strength (secondary outcome
measure) Results from the intervention did not show significant improvements in these
functional outcomes (ClinicalTrials.gov NTC03796039), which may explain why
standing more did not translate to less falls. Furthermore, the potential benefits of

standing may have been outweighed by the inability for study participants to reach the
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targeted 100 minutes of standing per week. Of the 100 minutes of offered standing time,
participants reached an average of 42 minutes, which questions the acceptability of this

type of intervention.

Falls are multifactorial and they are the results of many interacting intrinsic and
extrinsic risk factors. It is possible that other risk factors such as psychoactive
medications that were not addressed through this intervention contributed to falls as well.
Furthermore, 30% of the intervention participants were previous fallers indicating high
risk for future falls. Research suggests that multifactorial interventions that target
multiple risk factors could be beneficial in this setting (McArthur & Giangregorio, 2018).
As with other single component, standing alone may not have had a great enough effect

to reduce falls given the other risk factors faced by LTC residents (Vlaeyen et al., 2015).

Despite standing being low intensity activity on the movement spectrum, it is also
possible that the high frequency intervention may have led to physical overload reducing
the potential effectiveness of reducing falls (Schoberer & Breimaier, 2020). In a recent
systematic review, it was found that exercise interventions were only effective in LTC
when frail participants were excluded (Schoberer & Breimaier, 2020). Given that frailty
is state of low physiological reserve and poor ability to respond to minor stresses (Clegg
et al., 2013), this may have reduced the participants responsiveness to the intervention. In
our study, 47% of participants were living with severe frailty levels (7-9 on the Clinical
Frailty Scale) and had an average gait speed of 0.41 m/s which indicates functional
impairments (Middleton et al., 2015). It is difficult to restore physical function with high
frailty levels (Angulo et al., 2020). This indicates that residents of LTC with a higher

functional capacity might benefit from this type of intervention. Our findings contradict
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the conclusions made from a standing pilot study with the same population by Lee et al.
(2020). They found that a 10-week standing intervention resulted in an improvement of
sit-stand performance, with LTC residents with a median gait speed of 0.60 m/s. It was
suggested that standing might be more beneficial among LTC residents who need

assistance to transfer as they have less standing exposure.

Some may argue that the intervention participants were gaining an inappropriate
sense of confidence while doing the intervention and were standing more on their own,
increasing their risk of falls. This is likely not the case as participants had a an average
MMSE score of 15, indicating severe cognitive impairment on average. It is unlikely that
any false sense of functional capacity was carried forward over the 12-month follow-up.
However, it is important to explore this assumption perhaps through interviewing staff or
residents to ensure that they are not engaging in risky behaviour because of the study

intervention.

Replacing sedentary time with light activities such as standing is associated with
healthy aging (Dogra et al., 2017). However, the optimal frequency and duration of each
“sedentary break” remains unknown (Dempsey et al., 2020). Our intervention introduced
standing in 1-2 bouts per day (10 or 20 minutes), but participants may have benefited
from more frequent bouts (Harvey et al., 2018). Furthermore, while our study aimed to
reduce sitting time through standing, the optimal mode of light intensity activities to

replace sitting time also remains unknown.

In comparison to many other physical activity interventions in LTC, our inclusion
and exclusion criteria were quite broad. Most exercise trials do not include participants

with cognitive impairments due to inability adhere to specific exercise protocols
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guidelines (Gulka et al., 2020) However, given that the majority of LTC residents have a
form of cognitive impairment their inclusion is critical for real world generalizability.

This makes it difficult to compare findings from our study others in the literature.

Future work interested in investigating the effect of increasing standing time in
LTC settings should carefully monitor falls and other adverse events. Interim analysis
may be warranted to ensure safety and trial stoppage if necessary. Participants should be
encouraged to follow their normal routines to avoid risky behaviour. Potential mediators
should also be measured such as confidence, exposure time, and medication, to help

further explain the impact of standing time on falls.

4.1 Limitations

There were several limitations to this study. The first, is the sample size. As this
was a secondary analysis, the RCT was designed to capture changes in gait speed. As
such, this study was underpowered to detect a true effect of the standing intervention on
falls. The second is the reliance of the LTC facility to report falls. It is possible that falls
were not reported in the incident report or missed. Our study did not examine the
mechanisms of the fall events, it is possible that the study reduced falls due to intrinsic

risk factors (i.e., muscle weakness) but not extrinsic factors (i.e., slippery floor).

4.2 Conclusion

To our knowledge Stand if You Can was the first RCT to explore the impact of
standing intervention on falls in LTC. The risk of falls during the standing intervention
sessions was low, with only one reported fall. However, the rate of falls reported outside
of the sessions during the intervention and 12-month follow-up was greater among
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participants in the intervention group. These results should be interpreted with caution
given that this was a secondary analysis. Nevertheless, this study highlights that older
adults in LTC are a high fall-risk population, and that special consideration is needed when
implementing interventions targeting at replacing sitting time with standing. More studies

are needed to understand the impact of standing in this population.
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Table 1. Participant Characteristics (n=89)

Control Intervention
(n=45) (n=44)

Age 84.9 (7.65) 87.2 (8.38)
Sex (Female) 31 (68.9%) 33 (75.0%)
BMI 25.6 (9.10) 26.9 (6.76)
Length of Stay 46.8 (42.8) 56.0 (63.8)
Mobility Status

Independent Transfer 24 (53.3%) 6 (16.0%)

Assist Transfer 12 (26.7%) 28 (63.6%)

Dependent Transfer 9 (20.0%) 10 (22.7%)
Frailty Score (1-9)

Fit (1-3) 0(0%) 6 (13.6%)

Moderate Frailty (4-6) 28 (62.2%) 13 (29.5%)

Severe Frailty (7-9) 17 (37.2%) 25 (56.8%)
Reason for Admission

Dementia 25 (55.0%) 30 (68.2%)

CVD* 15 (33.3%) 4 (9.1%)

Neuromuscular** 4 (8.9%) 4 (9.1%)
Cognition (MMSE) 16.89 (8.99) 15.45 (9.43)

Mild (24-30) 13 (28.9%) 12 (27.3%)

Moderate (18-23)

Severe (0-17)
Physical Function

Gait Speed

Leg Strength
Sedentary Behaviourt

Standing (mins/day)

14 (31.1%)
17 (37.8%)

0.46 (0.22)
7.70 (5.40)

93.7 (82.6)

8 (18.2%)
24 (54.6%)

0.37 (0.17)
9.31 (6.14)

95.3 (127.1)

Note: Data presented as mean (SD) and N(%); BMI = Body Mass Index; mins = minutes

*CVD includes Stroke, Coronary Artery Disease and Chronic Heart Failure.

** Neuromuscular includes Parkinson’s Disease, Multiple Sclerosis, and Hemiplegia

TN= 47 (24 control; 23 intervention)
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