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Abstract
Physical activity (PA) has been shown to slow down dementia. Unfortunately, older adults spend
most of their day in sedentary behaviours (SB). Breaking up prolonged bouts of sitting with
intermittent bouts of light intensity PA may reduce glycemic variability in the brain; potentially
mitigating cognitive decline. This study investigated how interrupting SB with 10 min bouts of
light intensity PA 3x a day would affect mild to moderate cognitive impairment progression
(primary outcome) in older adults residing in an assisted living facility. Participants (n=25) were
assigned in clusters into a two arm 10-week single site pilot randomized controlled trial.
Secondary outcomes included physical function and quality of life. Results showed that the
intervention group improved their cognitive scores whereas the control group’s cognitive scores
deteriorated. Similar findings were shown for the secondary measures. Reducing SB can improve
cognitive and physical function along with quality of life in older adults.
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Lay Summary for Audience
Physical activity (PA) has been shown to slow down dementia. Unfortunately, older adults spend
most of their day sitting. Breaking up long bouts of sitting with short bouts of light intensity PA
(i.e walking) may reduce the number of spikes and drops of glucose in the brain; potentially
slowing down cognitive decline. The primary purpose of this study was to investigate how
interrupting sitting with 10 min bouts of light intensity PA 3x a day would affect the progression
of cognitive decline in older adults residing in an assisted living facility. Participants (n=25)
were assigned based on where they lived in the facility into one of two groups (intervention or
controls) for a 10-week pilot randomized controlled trial. Secondary outcomes included physical
function and quality of life. Results showed that the intervention group improved their cognitive
scores whereas the control group’s cognitive scores continued to get worse. Similar findings
were shown for the physical function and quality of life measures. Overall, we can conclude that
reducing the amount of time spent sitting can improve cognitive and physical function along with
quality of life in older adults.
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Introduction
A new case of dementia is diagnosed every 3 seconds; with 46.8 million people worldwide
affected in 2015 (Wimo et al., 2017). In Canada, by the year 2036 older adults (> 65 years) will
account for about a quarter of the overall population (Statistics Canada, 2011) and increasing age
is a major risk factor for dementia related diseases such as Alzheimer’s disease (AD) (Hung &
Fu, 2017). Worldwide, the total health care costs for dementia in 2015 were estimated at $US818
billion and are expected to rise to US$2 trillion by 2030 (Wimo et al., 2017). Thus, dementia was
deemed the leading cause of dependence and disability worldwide by the World Health
Organization (WHO), making it a public health priority (WHO, 2015). Currently, AD is the most
common form of dementia, making up approximately 60-80% of all cases (Barnes & Yaffe,
2011). AD is a neurodegenerative disease characterized by the formation of 𝛽-amyloid plaques,
neuronal loss in the hippocampus and reduced cholinergic function (Deslandes et al., 2009). As
the average age of the overall population continues to increase at an exponential rate, the
prevalence of AD is expected to triple by 2050 (Alzheimer’s Association, 2017). The transitional
stage between normal cognitive functioning and clinically probable AD is called mild cognitive
impairment (MCI) (Winblad et al., 2004). MCI is characterized by cognitive decline that is
greater than expected for an individual’s age and education level but does not significantly
interfere with everyday function (Petersen et al., 2001). MCI has been said to be a critical
window for intervention studies to intervene as older adults with MCI progress to AD at a faster
rate 10-30% annually compared to those without MCI 1-2% annually (Petersen et al., 1999).

With no current cure for MCI or AD, the need for effective treatments to mitigate the disease are
imperative (Hung & Fu, 2017). Amongst the numerous lifestyle approaches throughout the
literature targeting cognitive decline, physical activity (PA) has been labeled as a primary
behavioural strategy for reducing the risk and slowing down AD progression (Liu-Ambrose,
Barha & Best, 2018). Physical inactivity is defined by “an insufficient PA level to meet present
PA recommendations” (Tremblay et al., 2017). Barnes and Yaffe (2011) suggested that amongst
all the modifiable risk factors associated with AD (including diabetes, hypertension, obesity,
smoking, depression, physical inactivity and cognitive inactivity), a 25% reduction in the
prevalence of physical inactivity showed to be the most statistically effective contributor to
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diminishing the disease (Barnes & Yaffe, 2011). Furthermore, moderate to vigorous intensity
exercise has shown positive results in attenuating the progression of MCI and AD in those
already diagnosed (Groot et al., 2016; McDermott et al., 2018). From these studies we can
presume that aerobic exercise has the potential to reduce the risk and even mitigate AD related
cognitive decline. To add to this, evidence has also suggested that resistance training can benefit
those with MCI (Nagamatsu, Handy, Liang Hsu, Voss & Liu-Ambrose, 2012; Suo et al., 2016).

In terms of the mechanistic pathways associated with the post-exercise benefits, different types
of exercise seem to target different neurobiological processes. In regard to aerobic training,
studies have established benefits such as: 1) increased concentrations of brain-derived
neurotropic factor (BDNF) (Knaepen, Goekint, Heyman & Meeusen, 2010; Voss et al., 2010)
which is related to greater hippocampal volume (Erickson et al., 2009, 2011); 2) increased
neurogenesis and improved neural and synaptic plasticity (van Praag, Kempermann & Gage,
1999); and 3) the reduction of inflammatory markers (Cotman, Berchtold & Christie, 2007).
Additive to these benefits, resistance training has been associated with: 1) increased functional
activation of three main regions (right lingual, occipitalfusiform gyri and the right frontal pole)
in the cortex involved in associative memory (Nagamatsu, Handy, Liang Hsu, Voss & LiuAmbrose, 2012); and 2) increased levels of serum Insulin-like Growth Factor-1 (IGF-1)
(Cassilhas et al., 2012). Taken together, the underlying neurobiological pathways associated with
exercise benefit still remain unclear but seem to differ for aerobic vs resistance training
(Nagamatsu et al., 2013).

Despite the evidence linking increasing amounts of PA with a reduced risk of cognitive decline
associated with AD, approximately one-third of people globally are not meeting the PA
guidelines (Hallal et al., 2012). More specifically, in Canada, adherence for older adults is the
lowest, with only 13% meeting the current PA guidelines (Colley et al., 2011). Even worse, on
top of being physically inactive, studies objectively measuring older adults within the
community have shown that they spend on average 65-80% of their waking hours (9.4 h) in
sedentary behavior (SB) (Harvey, Chastin & Skelton, 2015). Sitting time has been established as
a determinant of health and a modifiable risk factor for healthy aging (Dogra & Stathokostas,
2012; Owen, Healy, Matthews & Dunstan, 2010). SB is a distinct behaviour separate to that of
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merely being physically inactive. SB is defined as any waking behaviour characterized by an
energy expenditure of less than or equal to 1.5 Metabolic Equivalents (METs) while in a sitting
or reclining posture (Tremblay et al., 2017).

Evidence has shown an increased risk of diabetes, cardiovascular disease, cancer and all-cause
mortality with increases in SB in adults (Biswas et al., 2015). In adults > 60 years of age,
sedentary time is linked to increased metabolic risk, independent of PA (Bankoski et al., 2011).
How prolonged bouts of SB contribute to MCI and the progression of AD remains unknown
(Falck, Davis & Liu-Ambrose, 2016). However, regardless of PA time, higher amounts of SB
have been correlated with worsening cognition and an increased risk of cognitive impairment
(Falck et al., 2017). One intriguing theory suggests that because SB is linked with poor glycemic
control, reducing or replacing SB with standing and/or intermittent light intensity PA may
protect against cognitive decline by reducing glycemic variability within the brain (Wheeler et
al., 2017). This theory is supported by evidence indicating that pre-diabetes and diabetes stages
show consistent evidence with an increased risk for both MCI and dementia (Roberts et al.,
2008; Schnaider Beeri et al., 2004). Furthermore, older adults with type 2 diabetes are 50% more
likely to develop dementia compared to older adults with normal glucose levels (Cheng, Huang,
Deng & Wang, 2012). Even in non-demented non-diabetic older adults, elevated HbA1c levels
over time was associated with cognitive decline (Ravona-Springer et al., 2012). This indicates
that you don’t need to be diabetic or even prediabetic to be negatively affected by glycemic
variability. A study by Henson et al (2013) stated that increasing amounts of time spent
sedentary was strongly associated with poor cardiometabolic health; even more so than time
spent in moderate to vigorous exercise for adults at risk for diabetes mellitus (Henson et al.,
2013). Furthermore, short bouts of standing or light-intensity PA have also been shown to be
more effective compared to a continuous 30 min bout of moderate-to-vigorous PA in lowering
postprandial glucose and insulin concentrations (Benatti et al., 2017; Peddie et al., 2013).
Breaking up prolonged sitting every 30 min, with 2-3 min of standing or short bouts of lightintensity PA was associated with improved metabolic profiles (Thorp et al., 2014). Furthermore,
a single bout of light-intensity exercise has shown positive effects on self-reported fatigue
(Wennberg et al., 2016) and decreased all-cause mortality risk (Katzmarzyk, 2014).
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It has been said that research investigating exercise and brain health should not just examine the
impact of such interventions on cognitive test scores; it should also take into account how the
intervention impacts the individual’s overall functioning and daily life (Chan, Shum,
Toulopoulou & Chen, 2008). Dementia is one of the principal causes of disability and decreased
life quality among older adults (Schölzel-Dorenbos, Van Der Steen, Engels & Olde Rikkert,
2007). In addition to cognitive decline, increasing amounts of SB have also been associated with
decreases in physical functioning (Rosenberg et al., 2016) and quality of life (da Silva Santos,
Damião, Scatena, Sasaki & Meneguci, 2015). Thus, a physical functioning measure is important
to incorporate within interventions investigating cognitive decline; as dementia is a progressive
disease that gradually hinders balance and walking ability (Allan, Ballard, Burn & Kenny, 2005).
Quality of life is defined by the WHO (WHO, 1997) as an “individuals’ perception of their
position in life in the context of the culture and value systems in which they live and in relation
to their goals, expectations, standards and concerns.” The WHO further stated that quality of life
was a reflection of several factors including physical and mental health, social functioning, level
of independence and emotional well-being. Decreased quality of life is an associated health
burden that follows losses in cognitive functioning (Samuel, McLachlan, Mahadevan & Isaac,
2016). Furthermore, a systematic review assessing quality of life as an outcome in dementia and
MCI intervention trials highlighted the importance of incorporating this kind of measure into
future studies (Schölzel-Dorenbos et al., 2007). It also stated that persons with mild to
moderately impaired cognition could adequately self-report their own subjective states (SchölzelDorenbos et al., 2007). Therefore, having a patient-reported quality of life outcome could
provide important information about whether the intervention truly made a difference to the
patient’s life (Selwood, Thorgrimsen & Orrell, 2005). Exercise interventions have shown to
improve the quality of life in older community dwelling people (Katula, Jack & Marsh, 2008;
Zubala et al., 2017) and in a combined resident group of people with and without dementia
(Dechamps et al., 2010). However, for a group including only people with MCI the evidence for
the effect of PA on quality of life is scarce (Forbes, Forbes, Blake, Thiessen & Forbes, 2014;
Olazarán et al., 2010; Potter, Ellard, Rees & Thorogood, 2011).
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Estimates derived from national data indicate that seven out of ten residents in assisted living
facilities (ALF) have some form of cognitive impairment: 29% having mild impairment, 23%
moderate impairment and 19% severe impairment (Zimmerman, Sloane & Reed, 2014). Thus, it
is not surprising that older adults residing in ALF spend on average 86.9% of their day in
sedentary pastimes (10.9 hours) (Leung et al., 2017). That said, research assessing the impact of
breaking up long periods of sedentary time (by standing and/or engaging in intermittent lightintensity PA) on geriatric-relevant health outcomes (such as cognition, among others) has been
deemed a high priority; especially in settings such as ALF (Dogra et al., 2017). ALF are the
fastest growing type of senior housing at an annual growth rate of 15–20% (Chao, Hagisavas,
Mollica & Dwyer, 2003). ALF are intended to assist older adults to remain independent for as
long as they are able to self-direct their own care (Leung et al., 2017). Seeing as how research
has established cognitive benefits from both aerobic and resistance training interventions on
older adults with MCI (Lautenschlager et al., 2008; Nagamatsu et al., 2012) it would be of value
to know if we can see the same benefits from the lower end of the PA spectrum (Dogra et al.,
2017). Thus, it would be of interest to test Wheeler et al’s hypothesis mentioned earlier in an
ALF setting; as it is currently unknown as to how light-intermittent bouts of PA aimed at
breaking up SB affects MCI progression in older adults (Wheeler et al., 2017).
The primary purpose of this pilot study was to investigate the effectiveness of reducing SB
amongst mild to moderate cognitively impaired residents within an ALF on cognitive decline
progression. A secondary purpose was to examine the interventions impact on the residents’
physical functioning and quality of life. Pilot studies are valuable in acquiring essential
information about the methods and procedures that may need to be used (e.g. assessing processes
such as recruitment, treatment and follow-up; establishing parameter estimates for the variables
of interest) before beginning a large adequately powered randomized control trial (Arain,
Campbell, Cooper & Lancaster, 2010; Thabane et al., 2010)
We hypothesized that the intervention group would continue to decline, but at a slower rate
compared to the controls. Additionally, we hypothesized that the intervention groups physical
function and quality of life scores would increase and the controls would decrease over the
intervention period.
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Methods
Design
This was a 10-week single-site, pilot randomized controlled trial (RCT). Based on where
participants resided within the facility, they were randomized in clusters based on where they
lived in the facility by an independent head nurse into either intervention or control groups to
minimize contamination. Due to the nature of the intervention, group allocation was not blinded.
Outcomes were blindly assessed at baseline and post intervention. All examinations/interviews
were done by the same researcher for consistency. Ethical approval was received from The
University of Western Ontario Ethics Committee. All participants provided written informed
consent. The intervention was registered as a clinical trial (reference: NCT03439059). The
information which follows is in line with intervention reporting guidelines such as those
recommended by Davidson et al. (2003) and the CONSORT statement (Davidson et al., 2003;
Moher et al., 2001). Conduct of the trial followed the principles outlined in the Declaration of
Helsinki (World Medical Association, 2013) and the World Health Organization’s Handbook for
Good Clinical Research Practice 2005.

Participants
Participants were residents in the facility with mild- to-moderate cognitive impairment. If
deemed unable to consent for themselves, a substitute decision maker (SDM) was identified and
present for all questions/examinations and exercise periods. Participants were included if they
met the following criteria: 1) 65 years of age or older; 2) resided in the facility permanently; 3)
able to read, write and understand English; 4) answered “yes” to the question: “Do you have
difficulty with your memory?”; 5) approval from their physician to participate; and 6) obtained a
score of 14-29 inclusive on the Mini-Mental State Examination (MMSE; (Folstein, Folstein &
McHugh, 1975). Participants were excluded if they had any of the following: 1) any physical
condition or disability disallowing participation in physical activity; 2) apparent evidence or
documented diagnosis of any neurodegenerative disorders other than AD; and 3) a score of 6 or
higher on the Geriatric Depression Scale (short form) (GDS) (Yesavage et al., 1982).
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Measures
Demographics
Age and gender were recorded as part of a demographic questionnaire (see appendix) during the
initial interview. Additionally, use of mobility aids, height, weight, level of education and
smoking history were all recorded.

Primary Outcome Measure
Alzheimer’s Disease Assessment Scale-Cognitive–outcome measure (ADAS-cog): The ADASCog is the standard cognitive outcome measure used in clinical trials for patients with mild to
moderate Alzheimer’s disease (Rosen, Mohs & Davis, 1984). It is a core outcome in consensus
guidelines to be used in interventions intended to prevent or slow dementia progression in those
with mild to moderate impairment (Webster et al., 2017). The scale consists of 11 brief cognitive
tests assessing memory, language, praxis, attention and other cognitive abilities. Scores can
range from 0-70, with a higher score indicating greater severity of cognitive impairment.

Secondary Outcome Measures
Timed up and GO–outcome measure (TUG): Physical functioning was measured using the TUG
test. The TUG assesses mobility, balance, walking ability and fall risk in older adults. The TUG
is a valid and reliable test for measuring basic functional mobility (Richardson, 1991). It consists
of the time taken (in seconds) to stand up from a standard arm chair, walk 3 m, turn around and
walk back to the chair and sit down again. The test begins when the timer says “start” and stops
when the participant sits back down in the chair. It is said to be useful when measuring clinical
change over time (Richardson, 1991). The standard error of measurement (SEm) for a population
with mild to moderate AD was 1.52 seconds, with a minimal detectable change of 4.09 seconds
(Ries, Echternach, Nof & Blodgett, 2009). The TUG also shows excellent test-retest reliability
for populations with AD (ICC= 0.987) (Ries et al., 2009).
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Medical Outcomes Study 36-Item Short-Form Health Survey–outcome measure (SF-36): The SF36 Health Survey is the most widely used and carefully validated generic health measure used to
capture quality of life (Ware, 1993). It is a multipurpose, short-form health survey with 36
questions that yields an eight-scale profile of functional status, well-being and overall evaluation
of health. The questionnaire captures eight different dimensions of health that can be broken
down into two broad summary scores: physical health and mental health; each made up of four
individual scores. First, the physical health dimension includes physical functioning, role
limitations due to physical problems, pain and general health. Second, the mental health
dimension consists of social functioning, role limitations due to emotional problems,
energy/fatigue and emotional well-being (Brazier et al., 1992). This survey is said to be the gold
standard for generic instruments due to the vast number of validation studies (Madsen, 2000).
The health concepts that this survey assesses are not specific to age, disease or treatment (Ware
& Gandek, 1998). However, it is widely used in monitoring population health, estimating
treatment outcomes, estimating disease burden and monitoring outcomes in clinical practice
(Gandek, Sinclair, Kosinski & Ware, 2004). It has also been validated for measuring functional
health and well-being in older adults (Haynes, Wolfe & Myfanwy, 1995). Additionally, it has
been proven to be valid and reliable in patients with dementia, showing good internal
consistency and convergent validity in comparison with the QOL-AD self-rating and composite
score (Geschke, Fellgiebel, Laux, Schermuly & Scheurich, 2013; Novella et al., 2014). Internal
consistency reliability estimates were greater than 0.70 and reliability of the physical and mental
components were 0.94 and 0.89 respectively (Gandek, Sinclair, Kosinski & Ware, 2004).

Other Measures
Community Healthy Activities Model Program for Seniors–subjective measure of physical
activity (CHAMPS): Participants were required to complete the CHAMPS questionnaire to
assess their subjective PA (Stewart et al., 2001). The survey was then re-administered at the end
of the intervention period in order to see if the perceived amount of PA during the intervention
period increased. The CHAMPS questionnaire assessed the weekly frequencies and durations of
40 different activities undertaken by the older adults (Stewart et al., 2001). It included nonexercise PA (e.g. watering houseplants and walking while shopping), moderate to vigorous
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physical activity (e.g. stationary biking, tennis, dancing, brisk walking, golf and aerobics) and
sedentary pastimes (e.g. computer time, playing cards or dinner with friends). The CHAMPS
questionnaire has been shown to have good test-retest reliability and acceptable predictive
validity (Cyarto, Marshall, Dickinson & Brown, 2006).

Actical Accelerometer–objective measure of physical activity: Participants were required to wear
an Actical accelerometer (Philips Respironics, 920) for 10 days prior to starting the intervention
to capture an objective measure of their PA. The accelerometer was also put on the participant
for another 10 days at the start of week five of the intervention to check for compliance. The
monitors were initialized to start collecting data at 6am the morning after distribution. The
Actical (dimensions: 2.8 x 2.7 x 1.0 centimeters; weight: 17 grams) measures the acceleration of
movement in all directions (omnidirectional). It is also capable of indicating the intensity of the
physical activity. Movement was captured and recorded as a user-specified digitized value that
was summed over 1-minute intervals resulting in 10,080 activity counts per minute (cpm) values
in a week. All data were blinded to participants while they were wearing the device. Total daily
accelerometer wear time was determined by identifying non-wear time which was defined as
periods of at least 60 consecutive minutes of zero counts, with an allowance for 1 or 2 min of
counts between 0 and 100 cpm. Accelerometer count ranges (counts per minute) were set to be
consistent with the 2007-2009 Canadian Health Measures Survey. Sedentary = less than 100 cpm
(car travel, sitting, standing), light = 100 to less than 1,535 cpm (walking less than 3.2km/h,
cooking), moderate = 1,535 to less than 3,962 cpm (walking more than 3.2km/h, vacuuming,
washing car) and vigorous = 3,962 cpm or more (jogging, competitive sport participation). A
valid day was defined as having at least 10 h of wear-time (Colley et al., 2011). Although
participants were required to wear the actical for 10 days, only 7 valid days of wear were
included in the analyses in order to stay consistent with the CHAMPS questionnaire.

Cognitive Ability and Depression: Cognitive ability was assessed at baseline with the MMSE
(Folstein et al., 1975). The MMSE takes 5-10 min to administer, including just eleven questions
to measure the cognitive aspects of mental functioning (Folstein et al., 1975). The Short form
GDS was used to screen for undiagnosed depression (Yesavage et al., 1982). The Short form
took about 5 to 7 minutes to complete. Making it more easy to use with physically ill and mildly

9

to moderately demented patients who have short attention spans and/or feel easily fatigued
(Kurlowicz & Greenberg, 2007; Marty, Pepin, June & Segal, 2010)

Procedure
Intervention- Reducing Sedentary Behaviour (SB)
The intervention consisted of interrupting their sedentary activities with a 10 min bout of light
PA three times a day. This intervention decreased their sitting time by a total of 30 min every
day for the 10-week intervention period. The light PA consisted of any activity requiring more
than 1.5 METS as listed on the CHAMPS questionnaire. Participants were not explicitly asked to
partake in moderate or vigorous activities. While administering the CHAMPS questionnaire to
the participant during the second interview, five favourite activities were picked. The approved
five activities from the CHAMPS questionnaire were the domain of activities that the participant
could choose to do during the 10-min bouts. All participants chose walking as their primary
exercise. Participants allocated to the intervention group were given a digital sports watch
(WobL vibrating watch; see appendix). Each watch was programmed to go off (15 second
vibration) at three different times throughout the day; which functioned as the participants
prompt to start their 10 min of light PA. The watch was also programmed to go off (15 second
vibration) once the 10 min were up; indicating that they could stop whatever exercise they were
doing. The participant was prompted to do the first bout after breakfast (8:00am), the second
bout was prompted after lunch (12:00pm) and the third bout was after dinner (5:00pm).
Intervention participants were also given a diary and asked to document all activities performed
in the diary provided. The diary was to be written in daily by either the participant, SDM or their
personal support worker (PSW). The diary consisted of day-to-day logs set up with three blank
spaces for three different bouts of physical activity per day (see appendix). Adherence for the
bouts was calculated from the number of recordings in the diaries.

Control
Participants allocated to the control group continued on with their regular activities of daily
living. These participants did not receive a sport watch or diary. Once the study was completed,
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participants allocated to the control group were offered information about the benefits of
reducing SB.

Recruitment
Recruitment took place between June and October 2018 and all data collections were completed
by December 2018. Senior living facilities within the London, Ontario, Canada area were
contacted by email to identify interested locations. To be eligible, the living facility had to carry
residents with a range of cognitive impairment. Once a location was interested and eligible,
participants were referred to the researcher by the head nurse.

The researcher interviewed each participant individually; going over the letter of
information/consent as well as the inclusion/exclusion criteria. The same researcher, for
consistency, administered all questionnaires/examinations. Once informed consent was obtained
from both the doctor and participant and the participant was deemed eligible, a second meeting
was scheduled to complete the baseline assessments for the TUG, CHAMPS and SF-36; and
administer the Actical Accelerometer for participants to wear for 10 days pre-intervention. On
the last day of Actical wear, the ADAS-cog was administered. After all baseline assessments
were completed, participants were allocated to group membership by one of the nurses in
clusters, based on where they lived in the facility to avoid contamination (Puffer, Torgerson &
Watson, 2005). Group equivalency was checked after randomization prior to the start of the
intervention to make sure that the groups did not significantly differ in their baseline measures.
Figure 1 shows the flow of participants throughout the study.
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Figure 1.Flowchart of Eligibility and exclusion criteria

Data Analysis
Statistical analyses were performed using IBM SPSS Statistics Version 25. Data were analyzed
using a series of 2 (intervention vs. controls) x 2 (time – baseline and follow-up) repeated
measures ANOVA to identify possible time by group interaction effects. Time points were
treated as a within-participants factor (effect over time) and the differences between the exercise
and usual care control group were treated as a between-participants factor. Statistical
significance was two-sided and set at 0.05 (Tabachnick & Fidell, 1996) and was reported
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alongside partial-eta squared (ηρ2) and observed power values. As recommended by Thabane et
al (2010), we also reported the effect size and the 95% confidence intervals (Thabane et al.,
2010). The effect sizes can be interpreted according to Cohen’s (1988, 1992) criteria; etasquared for all outcomes can be interpreted as 0.01-0.05 = small, 0.06-0.13 = medium and 0.14
or greater = large (Cohen, 1988; Cohen, 1992). Relationships amongst the variables were
analyzed using a series of Pearson’s bivariate correlations. Baseline characteristics were explored
using descriptive statistics. All primary, secondary and fidelity outcomes were checked for
outliers before the analyses with box and whisker plots. A Winsorization technique was applied
to any outliers in the data; data points over the 95th percentile were replaced with the value of
the 95th percentile. Only a single data point was imputed this way (one participant in the
intervention group on the pre-TUG times). This method has been shown as a valid way to treat
outliers (Dixon & Tukey, 1968; Tukey & McLaughlin, 1963; Duan, 1998). There was no missing
data, hence an intent to treat analysis was unnecessary.

Results
Participant Group Equivalency
Table 1 contains the selected baseline demographic details for the included participants. Twenty-

five participants completed the study (52% female, mean age = 86.7 ± 5.3 years). Fourteen
participants in the intervention group (50% female, mean age = 87.6 ± 5.5 years) and eleven
participants in the control group (55% female, mean age = 85.5 ± 5.0). Using an independent
samples t-test, there were no significant differences between groups for age, sex, baseline
cognitive functioning, depression scores, use of mobility aids, body mass index (BMI), education
level or previous smoking history.
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Table 1. Study sample (experimental vs. control) and overall study population characteristics

Age (years) (SD)
Female n (%)
MMSE (SD)
GDS (SD)
Use mobility aid (%)
BMI (SD)
Educational levels (%)
Elementary school
High School
University
Risk factor (%)
previous smoker
current smoker
never smoked

Whole sample
(n=25)
86.68 (5.3)
13 (52)
21.7 (3.6)
3.1 (1.2)
19 (76.0)
26.8 (5.0)

Intervention (n= 14)

Control (n= 11)

p-value

87.6 (5.5)
7 (50)
22.4 (3.4)
3.3 (1.1)
12 (85.7)
20.82 (3.4)

85.45 (5.0)
6 (55)
20.8 (3.8)
2.82 (1.3)
7 (63.6)
27.82 (6.5)

0.315
0.830
0.271
0.260
0.216
0.393

8 (32.0)
8 (32.0)
9 (36.0)

6 (40)
5 (40)
3 (20)

2 (18.2)
3 (27.3)
6 (54.5)

0.088

14 (56.0)
0 (0)
11 (44.0)

9 (64.3)
0 (0)
5 (35.7)

5 (45.5)
0 (0)
6 (54.5)

0.367

Physical activity (fidelity check)
Descriptive data for both subjective (CHAMPS) and objective (Actical) PA is presented in Table
2. For the subjective CHAMPS data there was a significant time x group interaction for minutes

spent in light PA; F (1, 22) = 4.775, p < 0.05, ηρ2 = 0.172. The observed power was 0.553. For
minutes spent in moderate PA, the time x group interaction did not reach statistical significance;
F (1, 22) = 2.329, p = 0.141, ηρ2 = 0.092. The observed power was 0.310. The intervention group
reported greater increases in both light and moderate minutes of PA compared to the controls
(Figure 2).

For the objective Actical data there was a significant time x group interaction for minutes spent
in light PA; F (1, 22) = 25.48, p < 0.01, ηρ2 = 0.526. The observed power was 0.998. There was
also a significant time x group interaction found for minutes spent in moderate PA; F (1, 22) =
9.0, p < 0.01, ηρ2 = 0.281. The observed power was 0.82. In both cases, those in the intervention
group increased their PA more than their control counterparts (Figure 3).
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Table 2. Summary of baseline (pre-intervention) and during intervention light, moderate and total mean
weekly minutes of physical activity for both subjective (CHAMPS) and objective (accelerometer) data
with standard deviations

Whole sample
(n=25)

Intervention (n= 14)

Control (n= 11)

Baseline light
Baseline moderate
Baseline total

162.00 (97.69)
12.00 (15.00)
174.00 (101.46)

145.71 (89.12)
10.71 (14.92)
156.43 (95.36)

182.71 (108.34)
13.63 (15.67)
196.36 (109.09)

During Intervention light
During Intervention moderate
During Intervention total

258.00 (144.72)
58.80 (82.83)
316.80 (202.98)

293.57 (130.73)
77.14 (89.59)
370.71 (191.59)

212.73 (154.99)
35.45 (70.44)
248.18 (204.72)

Baseline light
Baseline moderate
Baseline total

92.64 (40.35)
14.92 (11.46)
107.56 (48.26)

97.57 (34.70)
13.29 (11.61)
110.86 (42.24)

86.36 (47.58)
17.00 (11.48)
103.36 (56.88)

During intervention light
During intervention moderate
During activity total

149.24 (97.48)
49.08 (49.89)
247.40 (162.68)

231.0 (74.12)
68.57 (55.30)
337.50 (160.06)

87.45 (43.13)
24.27 (19.56)
132.73 (66.16)

CHAMPS: Mean (SD), min/wk

Accelerometer: Mean (SD),
(min/wk)
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Physical Activity (minutes)

Means of weekly CHAMPS PA minutes with SE bars
450
400
350
300
250
200
150
100
50
0

Intervention
Control

Pre-Light

Pre-Moderate

Pre-Total

During-Light

Time

DuringModerate

During-Total

Figure 2. Baseline vs During intervention mean weekly minutes of physical activity measured with the
CHAMPS questionnaire

Physical Activity (minutes)

Means of weekly Actical PA minutes with SE bars
400
350
300
250
200
150
100
50
0

Intervention

Control

Pre-Light

Pre-Moderate

Pre-Total

During-Light

DuringModerate

During-Total

Time

Figure 3. Baseline vs During intervention mean weekly minutes of physical activity measured with the
Actical accelerometer
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ADAS-Cog (primary outcome)
Table 3 shows the breakdown of scores on the different components of the ADAS-cog at baseline

and post intervention. Significant time x group interaction effects were found for TOTAL
ADAS-cog scores F (1,22) = 22.93, p < 0.01, ηρ2 = 0.499, observed power = 0.996. Figure 4
illustrates that those in the intervention group increased their total ADAS-cog function compared
to those in the control group who concomitantly decreased their cognitive function over the
assessment period.
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Table 3. ANOVA results including mean baseline and post-intervention (10-week) scores, standard
deviations, 95% confidence intervals, mean differences and p-values for primary measure ADAS-cog
Treatment (n=14)
Outcome
measure
Total Score

Control (n=11)

Baseline
(T1)

Follow-up
(T2)

Baseline
(T1)

Follow-up
(T2)

24.50 (11.34)

22.86 (11.04)

29.73 (11.82)

31.82 (13.15)

[18.11, 30.89]

[16.22, 29.49]

[22.21,37.25]

[24.33, 39.30]

5.64 (1.69)

5.57 (1.55)

6.36 (2.06)

6.91 (2.55)

[4.61, 6.67]

[4.44, 6.70]

[5.20, 7.53]

[5.63, 8.19]

1.21 (1.05)

0.86 (1.10)

1.55 (1.29)

1.64 (1.43)

[0.57, 1.86]

[0.16, 1.55]

[0.82, 2.27]

[0.85, 2.42]

1.21 (1.12)

1.14 (1.17)

1.27 (1.35)

1.27 (1.35)

[0.54, 1.89]

[0.45, 1.83]

[0.51, 2.04]

[0.49, 2.05]

Constructional
Praxis

1.21 (0.70)

1.07 (0.73)

1.27 (0.91)

1.36 (1.12)

[0.78, 1.65]

[0.56, 1.58]

[0.78, 1.77]

[0.79, 1.94]

Ideational Praxis

0.57 (0.85)

0.50 (0.85)

1.27 (1.27)

1.27 (1.27)

[-0.01, 1.16]

[-0.1, 1.16]

[0.62, 1.93]

[0.62, 1.93]

4.07 (2.06)

2.86 (1.88)

4.82 (2.14)

5.55 (1.92)

[2.92, 5.23]

[1.81, 3.90]

[3.51, 6.12]

[4.37, 6.73]

6.07 (3.43)

5.64 (3.08)

8.46 (3.46)

8.09 (3.51)

[4.27, 7.89]

[3.83, 7.45]

[6.42, 10.49]

[6.05, 10.13]

0.43 (0.94)

0.43 (0.94)

0.55 (0.82)

0.55 (0.82)

[-0.63, 0.92]

[-0.63, 0.92]

[-0.01, 1.10]

[-0.01, 1.10]

1.14 (0.95)

1.14 (0.95)

1.09 (1.04)

1.09 (1.04)

[0.60, 1.69]

[0.60, 1.69]

[0.47, 1.71]

[0.47, 1.71]

1.00 (1.04)

1.00 (1.04)

1.00 (0.98)

1.18 (1.01)

[0.46, 1.59]

[0.44, 1.56]

[0.39, 1.61]

[0.55, 1.81]

2.64 (0.93)
[2.11, 3.18]

2.57 (0.94)
[2.00, 3.14]

2.73 (1.01)
[2.13, 3.33]

2.91 (1.14)
[2.27, 3.55]

Word Recall
Objects/Fingers
Commands

Orientation
Word recognition
Language
Comprehension
Word finding
Remembering
instructions
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Mean difference from
baseline
Treatment
(T1-T2)

Controls
(T1-T2)

p-value
Time x Group

1.64 (11.19)

-2.09 (12.5)

< 0.01

0.07 (1.62)

-0.73 (2.29)

0.94

0.35 (1.07)

-0.09 (1.36)

< 0.05

0.07 (1.15)

0

0.387

0.14 (0.72)

-0.09 (1.02)

0.099

0.07 (0.85)

0

-

1.21 (1.97)

-0.73 (2.03)

< 0.01

0.43 (3.26)

-0.09 (3.49)

0.912

0

0

-

0

0

-

0

-1.55 (1.0)

0.104

-0.18 (1.08)

0.073

0.10 (0.94)

Primary Outcome: ADAS-cog
40

Intervention
Control

Scores /70

35
30
25
20

15

Baseline

10-week post

Figure 4. Time x Group interaction effect for ADAS-cog (lower score= less cognitive impairment)

TUG (secondary outcome)
For TUG, a significant time x group interaction effect F (1,22) = 20.12, p < 0.01, ηρ2 = 0.467 was
found. The observed power was 0.990 (see Table 4 for a more detailed breakdown). Those in the
intervention group scored better TUG times than their control counterparts over the intervention
period (Figure 5)
Table 4. ANOVA results including mean baseline and post-intervention (10-week) scores, standard
deviations, 95% confidence intervals, mean differences and p-values for secondary measure TUG
Treatment (n=10)

Control (n=9)

Mean difference from
baseline

P value

Outcome
measure

Baseline (T1)

Follow-up (T2)

Baseline (T1)

Follow-up (T2)

Treatment
(T1-T2)

Controls
(T1-T2)

Time x
Group

TUG

22.35 (5.59)

18.74 (5.70)

40.59 (28.02)

43.96 (32.26)

3.61

-3.37

< 0.01

[11.88, 32.83]

[6.74, 30.73]

[28.77, 52.41]

[30.43, 57.50]
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Seconday Outcome: TUG
60

Intervention
Control

Time (seconds)

50
40
30
20
10
0

Baseline

10-week post

Figure 5. Time x Group interaction effect for TUG

SF-36 (secondary outcome)
The eight components of the SF-36 health survey were broken down into four physical
components and four mental components. For the physical components, three of the four
components showed a statistically significant time x group interaction (See Table 5). Physical
Functioning: F(1,22) = 9.905, p < 0.01, ηρ2 = 0.30, power = 0.854; Role limitations due to
physical health: F (1,22) = 10.731, p < 0.01, ηρ2 = 0.318, power = 0.88; Pain: F (1,22) = 2.524, p
= 0.126, ηρ2 = 0.099, power = 0.331; General Health: F (1,22) = 14.791, p < 0.01, ηρ2 = 0.391,
power = 0.957.
For the mental components, all four components showed a statistically significant time x group
interaction (see Table 5). Social Functioning: F (1,22) = 5.446, p < 0.05, ηρ2 = 0.191, power =
0.609; Energy: F (1,22) = 27.561, p < 0.01, ηρ2 = 0.545, power = 0.999; Mental Health: F (1,22)
= 17.815, p < 0.01, ηρ2 = 0.436, power = 0.981; Role limitations due to emotional health: F
(1,22) = 26.27, p < 0.01, ηρ2 = 0.533, power = 0.998. It is important to note that in all eight
components, those in the intervention condition were improving on the SF-36 components
whereas those in the control condition were declining (Figure 6 and Figure 7).
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Table 5. ANOVA results including mean baseline and post-intervention (10-week) scores, standard
deviations, 95% confidence intervals, mean differences and p-values for secondary measure SF-36
Treatment (n=14)

Outcome measure

Control (n=11)

Baseline (T 1)

Follow-up (T2)

Baseline
(T1)

Follow-up (T2)

Physical
Functioning

27.14 (12.97)

40.71 (18.49)

25.45 (12.74)

21.36 (6.36)

[20.03, 34.26]

[32.69, 48.74]

[17.43, 33.48]

[12.31, 33.18]

Role Limitations
due to physical
health

33.93 (25.21)

60.71 (12.84)

25.00 (22.36)

22.73 (20.78)

[20.65, 47.20]

[51.45, 69.98]

[10.02, 39.98]

[12.27, 33.18]

Bodily Pain

67.86 (16.32)

74.11 (16.13)

69.32 (18.74)

67.05 (15.92)

[58.23, 77.49]

[65.24, 82.98]

[58.46, 80.18]

[57.04, 77.05]

45.36 (11.00)

53.57 (12.31)

46.82 (8.45)

43.64 (8.39)

[39.84, 50.87]

[47.61, 59.54]

[40.60, 53.04]

[36.91, 50.36]

43.79 (9.17)

53.14 (12.66)

48.86 (3.77)

47.73 (5.06)

[39.73, 47.83]

[47.57, 58.72]

[44.29, 53.44]

[41.44, 54.02]

32.14 (13.26)

52.50 (16.50)

43.18 (15.37)

35.00 (10.00)

[24.28, 40.00]

[44.74, 60.27]

[34.31, 52.05]

[26.24, 43.76]

41.07 (10.82)

58.00 (14.19)

45.82 (11.78)

42.18 (9.18)

[34.86, 47.29]

[51.22, 64.78]

[38.80, 52.83]

[34.53, 49.83]

30.95 (15.82)

61.90 (25.68)

42.42 (21.56)

36.36 (34.82)

[20.70, 41.20]

[45.32, 78.49]

[30.86, 53.98]

[17.66, 55.07]

Mean difference from baseline

Treatment
(T 1-T2)

Controls
(T1-T2)

P value

Time x
Group

Physical

General Health

-13.57 (15.97)

4.09 (10.07)

< 0.01

-26.78 (22.00)

2.27 (21.58)

< 0.01

-6.25 (16.23)

2.27 (17.39)

0.136

-8.21 (11.67)

3.18 (8.42)

< 0.01

-9.35 (11.02)

1.13 (4.46)

< 0.05

-20.36 (14.97)

8.18 (12.97)

< 0.01

-16.93 (12.62)

3.64 (10.56)

< 0.01

-30.95 (21.33)

6.06 (28.96)

< 0.01

Mental
Social Functioning

Energy/fatigue

Mental health

Role limitations due
to emotional health
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Score /100
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SF-36: Physical Outcome Measures
Figure 6. Mean pre and post SF-36 physical component scores with standard error bars
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Social Functioning
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Emotional Well-being

Role limitations

Mental Outcome Measures
Figure 7. Mean pre and post SF-36 mental component scores with standard error bars
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Relationship amongst Variables
A correlation matrix of all the variables of interest is presented in Table 6, Table 7 and Table 8.
Significant relationships in the expected direction were found between minutes of light PA and
scores on the various components of the ADAS-cog (Table 6). For instance, a large statistically
significant relationship was found between more “light PA” and better orientation scores. There
was an anticipated large statistically significant relationship between more “light PA” and
improving TUG times (Table 6). Statistically significant relationships in the expected direction
were found between light PA and all SF-36 components except for pain (Table 7). Lastly,
statistically significant correlations in the expected direction were found between the primary
and secondary outcome measures (Table 8). For instance, greater orientation scores were related
to better physical functioning scores; greater ideational praxis scores were related to better
reported scores for role limitations due to emotional health; greater ADAS-cog command
components were related to better SF-36 social functioning scores. Additionally, there were
statistically significant associations between the objective measure of physical functioning
(TUG) and SF-36 role limitations due to physical health, general health and levels of
subjectively reported energy and mental health. A statistically significant relationship was also
found between ideational praxis scores on the ADAS-cog and objective physical functioning.
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Table 6. Correlation Data for Objective Physical Activity Measures, ADAS-cog and TUG
Correlations
1
1.

Light Activity

1

2.

Moderate Activity

0.882**

3.

Total Activity

4.

3

2

5

6

7

8

9

10

11

12

13

14

15

16

0.982**

0.308

0.087

0.176

-0.402*

-0.367

0.393

0.156

-0.237

-0.081

-0.270

0.304

0.093

-0.636**

1

0.753**

0.383

0.246

0.250

-0.226

-0.104

0.459*

0.267

-0.134

0.259

-0.072

0.336

0.244

-0.387*

0.990**

0.939**

1

0.348

0.131

0.206

-0.389

-0.331

0.437*

0.194

-0.229

-0.006

-0.243

0.334

0.136

-0.624**

Word Recall

-0.094

0.049

-0.054

1

0.650**

0.434*

0.093

0.326

0.844**

0.774**

0.347

0.510**

0.538**

0.514**

0.814**

-0.120

5.

Naming Objects

-0.204

-0.087

-0.175

0.720**

1

0.599**

0.132

0.235

0.738**

0.603**

0.319

0.445*

0.454*

0.570**

0.757**

-0.031

6.

Commands

0.082

0.178

0.113

0.647**

0.606**

1

0.070

0.214

0.510**

0.460*

0.403*

0.618**

0.363

0.622**

0.676**

0.025

7.

Constructional Praxis

-0.237

-0.035

-0.183

0.350

0.212

0.149

1

0.231

0.118

0.083

0.560**

0.346

0.615**

0109

0.346

0.357

8.

Ideational Praxis

-0.374

-0.379

-0.385

0.351

0.343

0.237

0.401*

1

0.132

0.450*

0.501*

0.289

0.438*

0.163

0.464*

0.390

Orientation

-0.547**

-0.413*

-0.521**

0.744**

0.601**

0.485*

0.294

0.367

1

0.801**

0.280

0.532**

0.439*

0.618**

0

.832**

-0.206

10. Word Recognition

-0.145

-0.041

-0.118

0.798**

0.718**

0.559**

0.391

0.391

0.729*

1

0.497*

0.560**

0.496*

0.567**

0.872**

-0.045

11. Language

-0.143

-0.044

-0.117

0.431*

0.355

0.414*

0.607**

0.501*

0.260

0.492*

1

0.667**

0.849**

0.548**

0.672**

0.371

12. Comprehension

0.039

0.165

0.077

0.538**

0.445*

0.609**

0.348

0.289

0.389

0.535**

0.667**

1

0.717**

0.724**

0.748**

0.080

13. Word Finding

-0.071

0.098

-0.023

0.626**

0.538**

0.464*

0.531**

0.392

0.398*

0.616**

0.817**

0.764**

1

0.506**

0.727**

0.298

14. Remembering

0.030

0.214

0.085

0.677**

0.613**

0.646**

0.286

0.305

0.555**

0.725**

0.578**

0.749**

0.719**

1

0.742**

-0.086

15. Total ADAS-cog Score

-0.228

-0.071

-0.187

0.890**

0.784**

0.705**

0.496*

0.519**

0.793**

0.913**

0.650**

0.707**

0.771**

0.821**

1

0.090

16. TUG time

-0.598**

-0.386

-0.551**

0.018

0.012

0.009

0.410*

0.373

0.113

0.044

0.292

0.025

0.206

0.037

0.141

1

9.

0 .616**

4

Instructions

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed)
Above the diagonal are baseline correlations
Below the diagonal are post-intervention correlations
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Table 7. Correlation Data for Objective Physical Activity Measures and SF-36

Correlations
1

2

3

4

5

6

7

8

9

10

11

1.

Light Activity

1

0.616**

0.982**

0.413*

0.598**

-0.012

0.153

0.026

0.114

-0.004

0.209

2.

Moderate Activity

0.882**

1

0.753**

0.197

0.282

0.194

0.036

-0.020

0.180

-0.077

0.185

3.

Total Activity

0.990**

0.939**

1

0.392

0.567**

0.036

0.136

0.017

0.138

-0.022

0.219

4.

Physical Functioning

0.850**

0.857**

0.873**

1

0.131

-0.198

0.477*

0.169

0.166

0.307

0.070

5.

Role limitations due to physical
0.755**

0.574**

0.720**

0.616**

1

-0.077

0.222

-0.063

0.073

0.024

0.198

0.326

0.370

0.347

0.421*

0.405*

1

-0.090

0.190

-0.079

-0.012

0.130

Health
6.

Pain

7.

General Health

0.599**

0.559**

0.602**

0.643**

0.529**

0.098

1

0.388

0.114

0.117

0.171

8.

Social Functioning

0.514**

0.575**

0.545**

0.439*

0.169

0.333

0.353

1

0.082

-0.223

0.076

9.

Energy

0.843**

0.766**

0.841**

0.684**

0.614**

0.139

0.582**

0.489*

1

0.654**

0.345

0.772**

0.818**

0.805**

0.668**

0.566**

0.227

0.449*

0.328

0.800**

1

0.321

emotional health
0.584**
0.633**
**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
Above the diagonal are baseline correlations
Below the diagonal are post-intervention correlations

0.613**

0.430*

0.476*

0.361

0.131

0.275

0.324

0.409*

1

10. Mental Health
11. Role limitations due to
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Table 8. Correlation Data for ADAS-cog, TUG and SF-36
Correlations
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

1.Word Recall

1

0.650**

0.434*

0.093

0.326

0.844**

0.774**

0.347

0.510**

0.538**

0.514**

0.814**

-0.120

0.118

0.145

0.241

0.071

-0.125

0.279

0.307

0.121

0.720**

1

0.599**

0.132

0.235

0.738**

0.603**

0.319

0.445*

.454*

0.570**

0.757**

-0.031

-0.094

0.272

0.368

0.022

-0.010

0.488*

0.420*

0.271

0.647**

0.606**

1

0.070

0.214

0.510**

0.460*

0.403*

0.618**

.363

0.622**

0.676**

0.025

-0.051

0.247

0.385

-0.021

0.106

0.331

0.259

0.214

0.350

0.212

0.149

1

0.231

0.118

0.083

0.560**

0.346

.615**

0.109

0.346

0.357

-0.142

-0.291

-0.027

-0.251

-0.183

0.029

0.005

-0.139

0.351

0.343

0.237

0.401*

1

0.132

0.450*

0.501*

0.289

.438*

0.163

0.464*

0.390

0.058

0.064

-0.016

0.226

-0.030

0.308

0.310

-0.051

0.744**

0.601**

0.485*

0.294

0.367

1

0.801**

0.280

0.532**

.439*

0.618**

0.832**

-0.206

-0.022

0.209

0.408*

-0.020

.0036

0.374

0.148

0.147

0.798**
0.431*

0.718**
0.355

0.559**
0.414*

0.391
0.607**

0.391
0.501*

0.729**
0.260

1
0.492*

0.497*
1

0.560**
0.667**

.496*
.849**

0.567**
0.548**

0.872**
0.672**

0.045
0.371

-0.052
-0.139

0.094
-0.120

0.362
0.134

0.164
-0.181

-0.022
-0.249

0.312
0.178

0.293
0.306

0.144
0.087

9.Comprehension

0.538**

0.445*

0.609**

0.348

0.289

0.389

0.535**

0.667**

1

.717**

0.724**

0.748**

.080

-0.150

-0.072

0.326

-0.035

-0.287

0.154

0.158

0.057

10.Word Finding

0.626**
0.677**

0.538**
0.613**

0.464*
0.646**

0.531**
0.286

0.392
0.305

0.398*
0.555**

0.616**
0.725**

0.817**
0.578**

0.764**
0.749**

1
.719**

0.506**
1

0.727**
0.742**

0.298
-0.086

-0.052
0.039

-0.182
0.258

0.249
0.421*

-0.222
-0.032

-0.288
-0.297

0.145
0.444*

0.321
0.471*

-0.076
0.435*

12.ADAScog(total)
13.TUG

0.890**

0.784**

0.705**

0.496*

0.519**

0.793**

0.913**

0.650**

0.707**

0.771**

0.821**

1

0.090

-0.126

0.157

0.403*

-0.035

-0.148

0.380

0.369

0.172

0.018

0.012

0.009

0.410*

0.373

0.113

0.044

0.292

0.025

0.206

0.037

0.141

1

-0.191

-0.374

0.022

-0.141

0.160

-0.151

0.071

0.039

14.Physical
Functioning
15.RL-PHb

-0.096

-0.245

-0.002

-0.056

-0.416*

-0.506**

-0.218

-0.170

0.033

0.001

0.048

-0.238

-0.370

1

0.131

-0.198

0.477*

0.169

0.166

0.307

0.070

0.019

-0.089

0.074

-0.126

-0.291

-0.372

-0.008

-0.006

0.200

-0.021

0.094

-0.082

-0.573**

0.616**

1

-0.077

0.222

-0.063

0.073

0.024

0.198

0.179

0.065

0.375

0.014

-0.283

0.041

0.115

0.165

0.338

0.228

0.334

0.171

-0.132

0.421*

0.405*

1

-0.090

0.190

-0.079

-0.012

0.130

-0.037

-0.155

-0.061

-0.277

-0.138

-0.363

-0.208

-0.226

0.009

-0.191

-0.020

-0.215

-0.500*

0.643**

0.529**

0.098

1

0.388

0.114

0.117

0.171

-0.091

-0.072

0.422*

-0.240

-0.248

-0.201

-0.231

-0.334

-0.037

-0.288

-0.054

-0.173

-0.258

-0.023

0.002

0.137

-0.165

-0.060

-0.382

-0.053

-0.051

0.106

0.027

0.134

-0.074

20.Mental Health

0.054

0.029

0.124

-0.035

-0.060

-0.360

0.075

0.144

0.318

0.330

0.343

21.RL-EHc

-0.022

-0.121

0.014

-0.028

-0.612

-0.311

-0.093

-0.012

-0.025

-0.002

0.270

2.Naming Objects
3.Commands
4.Constructional
Praxis
5.Ideational
Praxis
6.Orientation
7.Word
Recognition
8.Language

11.Rem Instruca

16.Pain
17.General
Health
18.Social
Functioning
19.Energy

**

** Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).
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0.439*

0.169

0.333

0.353

1

0.082

-0.223

0.076

-0.561

**

0.684**

0.614**

0.139

0.582**

0.489*

1

0.654**

0.345

0.059

-0.404

*

0.668

**

0.566

**

0.227

0.449*

0.328

0.800

1

0.321

-0.153

-0.394

0.430

*

0.476

*

0.361

0.131

0.275

0.324

**

0.409

*

1

Above the diagonal are baseline correlations
Below the diagonal are post-intervention correlations
a
Remembering Instructions
b
Role limitations due to physical health
c
Role limitations due to emotional health
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Discussion
The primary purpose of this study was to determine the effectiveness of reducing/breaking up
prolonged bouts of SB in older adults with mild to moderate cognitive impairment residing
within ALF on the progression of cognitive decline. More specifically, how interrupting their SB
with 10 minutes of light PA three times a day, every day for 10 weeks would affect ADAS-cog
scores. Secondarily, to examine how the intervention impacted physical functioning in addition
to overall quality of life. These secondary measures are critical to incorporate into MCI/AD
related studies; as AD not only results in severe cognitive impairment, but also a loss in physical
abilities and functional independence. We found that after the 10-week intervention, the
intervention group significantly improved their cognitive scores, physical functioning scores as
well as their subjective measure of overall quality of life compared to the control group. Beyond
these general findings the following specific issues warrant commentary.

With respect to cognitive function (primary outcome), PA has previously been shown to slow
down cognitive decline (Farina, Rusted & Tabet, 2014; Hess, Dieberg, Mcfarlane & Smart,
2014; Heyn, Abreu & Ottenbacher, 2004; Nagamatsu et al., 2014). However, heterogeneous
results remain; as some studies have not found such benefits (Dorothy Forbes, Forbes, Blake,
Thiessen & Forbes, 2015; Lamb et al., 2018; Öhman, Savikko, Strandberg & Pitkälä, 2014).
Recently, a systematic review looking at the effects of physical exercise on executive function in
community-based older adults living with AD stated that all six studies included in the review
showed positive results; with four reaching statistical significance (Guitar, Connelly, Nagamatsu,
Orange & Muir-Hunter, 2018). However, it is important to note that this review only included
studies involving older adults with a diagnosis of AD, not including older adults with MCI. Our
primary outcome was assessed using the ADAS-cog, a standard measurement tool used in
clinical trials that has been shown to be robust at detecting changes in AD (Schrag & Schott,
2012). The current study showed an improvement of 3.73 points in the intervention group
compared to the controls on the ADAS-Cog; which is greater than the range observed in
previous pharmaceutical trials ( e.g., 1–2 points; Auchus et al., 2007; Jia et al., 2016; Wilkinson
et al., 2003) and in the range observed in previous PA intervention trials (e.g., 1.71-7.1 points
(Liu-Ambrose et al., 2016; Vreugdenhil, Bphty, Davies & Razay, 2012). However, the change in
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the intervention group alone (1.6 points) was less than what has been deemed to be the minimal
clinically significant difference (3-4 points) in patients with AD (Rockwood, Fay, Gorman,
Carver & Graham, 2007; Schrag & Schott, 2012). Researchers have estimated that the ADASCog scores of AD subjects not receiving any physical activity intervention may deteriorate
approximately 6.0 points (SD= 4.5) per year (Lautenschlager et al., 2008). In the current study,
the control group declined 2.09 points in ten weeks. Taken together, our findings with mild to
moderate impaired patients are in line with previous findings in patients with AD (Birks, 2006).
One of the first high quality randomized controlled trials (RCT’s) using PA in those with MCI
was done by Lautenschlager and colleagues. In 170 adults aged 50 years or older who reported
memory problems, it was demonstrated that a 24-week home-based program of PA (150 min
MVPA; 3 x 50 min sessions per week) significantly improved cognitive function
(Lautenschlager et al., 2008). Participants in the intervention group improved 0.26 points (95%
CI: -0.89 to 0.54) and those in the usual care group deteriorated 1.04 points (95% CI: 0.32 to
1.82) on the ADAS-Cog at the end of the intervention. Our findings are stronger than those
reported by Lautenschlager et al., which may be due to several reasons. First, the frequency of
exercise differed quite substantially. The participants in the current study were performing
exercises every day, whereas participants in the Lautenschlager et al. study were only doing
exercise 3x a week. Additionally, the current study had 30 min of PA spread out throughout the
day (10 min bouts), whereas Lautenschlager et al. had the exercise performed as one bout (50
min). This may be preliminary evidence in support of Wheeler et al’s (2017) theory mentioned
earlier stating that light PA aimed at breaking up SB may impact cognition through regulating
glycemic variability.

In regard to physical functioning, a previous systematic review stated that TUG times can be
reduced with PA interventions in older adults with dementia (Potter, Ellard, Rees & Thorogood,
2011). However, due to heterogeneity throughout the studies included, conclusions were said to
be interpreted cautiously. They included five papers within the review (Baum, Jarjoura, Polen,
Faur & Rutecki, 2003; Netz, Axelrad & Argov, 2007; Rolland et al., 2007; Santana-Sosa,
Barriopedro, López-Mojares, Pérez & Lucia, 2008; Toulotte, Fabre, Dangremont, Lensel &
Thévenon, 2003). Four trials showed improvement in the intervention group, with two reaching
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statistical significance (Baum et al., 2003; Toulotte et al., 2003). Overall, for the five studies,
they reported the weighted mean difference in TUG time improvement to be -1.39 seconds [95%
CI -2.59, 0.19]. Since this review, Vreugdenhil et al. (2012) conducted a 4-month RCT involving
40 community-based patients with AD (mean MMSE= 22; same as current study) (Vreugdenhil
et al., 2012). This study assessed the effectiveness of a home exercise programme on improving
physical functioning (TUG). The exercise programme consisted of daily exercises and walking
under the supervision of their caregiver. They found that patients who exercised, compared with
controls, had improved functional mobility (2.9 seconds faster on TUG). These results are
consistent with the current study; as we also found improved TUG times (6.8 seconds). We
attribute the bigger improvement in our study to the fact that our participants started at slower
TUG times, with greater room for improvement.

With respect to quality of life, our results are different from those reported by Lautenschlager et
al. (2008) who used the same scale as the current study (SF-36) and reported no significant effect
of PA on mood or quality of life. Another PA study used the physical role function subscale of
the SF-36 to measure health related quality of life in older adults with cognitive impairment (Teri
et al., 2003). At 3-months, an intention to treat analysis showed an improvement of 5.9 points in
intervention participants and a decline of 16.6 points in the controls, which is a comparable trend
to our current study; finding increases in all components for the intervention group and declines
for the control. Moreover, the first meta-analysis was recently published investigating
randomized control trials involving exercise and quality of life in persons with dementia
(Ojagbemi & Akin-Ojagbemi, 2019). They concluded that there was a paucity of studies to
support the idea that exercise improves quality of life in older adults suffering from dementia;
and therefore, it makes it hard to draw conclusions about the relationship at this time.

We also found statistically significant relationships in the expected direction, among the
variables of interest. Specifically, more “light PA” during the intervention was associated with
better ADAS-cog scores post intervention, particularly the orientation component of the
cognitive test (see Table 6). This could have been due to the fact that the intervention group was
required to record their PA bouts in a dairy on a daily basis, making them more aware of what
month/day/time it was and thus resulting in better orientation skills/awareness over the course of
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the 10-week intervention. Supporting these findings, we see an expected relationship between
better orientations scores post intervention and improved objective physical functioning times
(see Table 8). These results together, encourage the idea that those writing in the diary were in
fact doing the bouts. Furthermore, to strengthen this argument, we found that more time spent in
light PA post intervention was strongly associated with both objective and subjective physical
functioning scores (see Table 6 and Table 7). Similarly, better objective measures of physical
functioning were largely correlated with better scores of subjective general health, energy levels
and role limitations due to physical health (Table 8). Additionally, the commands component on
the ADAS-cog, which involved following specific instructions such as “tap each shoulder twice
with two fingers, keeping your eyes shut” had a moderate correlation with subjective measures
of social functioning on the SF-36 (Table 8). This is not surprising as both following commands
and being socially functional require similar characteristics. Moreover, it is important to note that
more “light PA” showed positive significant relationships with all subjective scores on the
quality of life measure but one (pain). This suggests that participants who became more
physically active over the intervention period, increased their overall quality of life more than
those who stayed inactive. These correlations make sense, as mobility limitations have a
significant impact on quality of life and independence (Copeland et al., 2017); and we can see
from these relationships that small doses of light PA correlated with both improved physical and
mental overall well-being for these residents. These findings are in line with previous studies that
have used moderate to vigorous intensity exercise which resulted in significantly higher levels of
quality of life in both MCI and AD patients (Acree et al., 2006; Balboa-Castillo, León-Muñoz,
Graciani, Rodríguez-Artalejo & Guallar-Castillón, 2011).

Previously, reducing and breaking up SB have shown positive results on cognition in healthy
older adults (Healy et al., 2008; Owen et al., 2010). To our knowledge, this is the first SB based
intervention aimed towards breaking up SB with short bouts (10 min) of light intensity PA and
measuring its impact on cognitive decline progression in older adults with mild to moderate
cognitive impairment. Due to the SB nature of this intervention using light intensity exercise
compared to most PA research focusing on moderate to vigorous intensity exercise, it makes it
difficult to compare results. Research has shown that SB plays a negative role on brain health
outcomes amongst cognitively healthy older adults (Ku, Liu, Lo, Chen & Stubbs, 2017).
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However, there is a paucity of interventions related to how reducing or breaking up SB in older
adults (especially in ALF) is related to cognitive decline progression in those with mild or
moderate MCI (Dogra et al., 2017; Falck et al., 2016).

Prospective studies provide considerable evidence for the positive effects of breaking up
prolonged sitting on metabolic health outcomes (Chastin, Palarea-Albaladejo, Dontje & Skelton,
2015; Healy, Winkler, Owen, Anuradha & Dunstan, 2015). Specifically, regularly breaking up
prolonged sitting with short (1 min 40 s) bouts of light intensity PA (Peddie et al., 2013) or
standing (Benatti et al., 2017) was shown to be more effective than a single bout of MVPA in
lowering postprandial glucose and insulin concentrations in healthy, normal weight adults. This
aligns with Wheeler’s hypothesis stated earlier that breaking up prolonged SB with light
intensity PA may protect against cognitive decline by reducing glycemic variability and
increasing cerebral blood flow (Wheeler et al., 2017). Another study that supports this hypothesis
showed how a 35-minute bout of light-intensity cycling in healthy males resulted in 30% more
brain glucose uptake compared with higher intensity cycling (Kemppainen et al., 2005). They
found that regional glucose metabolic rate decreased in all measured cortical regions as exercise
intensity increased. In other studies, more minutes spent in light PA was also found to be
associated with higher executive functioning in a group of community-based older adults
(Johnson et al., 2016; Wilbur et al., 2012). Furthermore, a study involving nine overweight adults
compared the acute cognitive effects following bouts of standing, cycling and walking to a sitonly condition. They found that short bouts of standing or light-intensity cycling and walking
may improve acute cognitive performance compared to uninterrupted sitting (Mullane, Buman,
Zeigler, Crespo, & Gaesser, 2017). Finally, adding to the previous statements, although the
WHO recommends at least 150 min of moderate to vigorous intensity exercise per week for
older adults, a meta-analytic study by Groot et al in 2015 indicated that lower intensities seemed
to be associated with greater quantitative benefits for cognitive functioning compared to those at
higher intensities (Groot et al., 2016).

The majority of older adults are not meeting the recommended MVPA time. Evidence has been
emerging that interventions focused on decreasing SB can be a more attainable, beneficial and
sustainable method for older adults (Gardiner, Eakin, Healy & Owen, 2011; McGowan,
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Devereux-Fitzgerald, Powell & French, 2017). From the current study, we can see that this
method of breaking up PA with short bouts, with the intention of reducing SB as opposed to
increasing PA showed to be an effective and feasible way to increase this population’s overall
PA time. This is in line with previous research as a systematic review and meta-analysis
comparing the effectiveness of interventions, with a focus on PA and/or SB for the purpose of
reducing sedentary time in adults, found that interventions focused solely on reducing SB
produced a much larger and more clinically meaningful reduction in sedentary time compared to
those that focused on PA or both PA and SB. Furthermore, qualitative research has shown that
older adults considered SB interventions more acceptable and desirable for them to adhere to
than exercise interventions (Greenwood-Hickman, Renz & Rosenberg, 2016).

Although the focus was solely on light PA bouts, we also saw an extra 55 min of moderate
intensity exercise in the intervention group and 7 min in the controls for the week. Encouraging
the notion that maybe shifting the focus from MVPA to light PA makes it more attainable for
this population to grasp. This is consistent with a previous study that performed an intervention
with the intention of reducing older adults (> 60 years old) sedentary time (Gardiner et al., 2011).
This pre-experimental study had 100% retention with participants reducing their sedentary time
per day (71.1% [8.9], -3.2% [-4.18, -2.14], p < 0.001); a significant increase in the number of
breaks in sedentary time per day (87.8 [14.0], 4.0 [1.48,6.58], p = 0.003); and a significant
increase in the proportion of time spent in both light intensity PA (24.3% [6.6], 2.2% [1.40,
2.99],p < 0.001 and MVPA (4.6% [3.5], 1.0% [0.55, 1.38], p < 0.001). Before the intervention,
for the current study, total objective PA baseline measures for both the intervention and control
group were lower than the recommended PA guidelines (111min and 103 min of total PA per
week respectively). The intervention only asked participants to interrupt their sitting with a few
short 10 min bouts of light PA. From this, we saw a mean increase of 133 min/week of light PA
in the intervention group, for a total of 338 active minutes a week. The uptake of the current
intervention was high, with over 70% of participants completing over 80% of the PA bouts
(calculated from the diary entries) and over 90% completing at least 70% of the bouts that were
prescribed.
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While the positive effects of reducing SB have been determined in populations with type II
diabetes (Benatti & Ried-Larsen, 2015) more studies are needed to investigate whether breaking
up SB with light-intensity activity has a meaningful protective effect on the brain. That said, it is
imperative that further studies be conducted to understand why light PA might positively
influence cognition; and how such PA can be implemented into the daily routine of older adults.
Future studies are also needed with more participants and longer durations in order to determine
if there is a clinically significant difference found from breaking up prolonged SB. They need to
determine if clinically significant improvements can be made in cognition from targeting
sedentary time with light PA and if this improvement is independent of moderate to vigorous PA.
They should also investigate what minimum amount of reduction in SB is necessary to achieve
benefits and if there is a dose-response relationship. Participants in these studies should wear
glucose monitors in order to see if glycemic variability may be the underlying mechanism
involved in such benefits. Studies investigating how exercise affects cognitive decline in people
with MCI should incorporate a quality of life measure as it is an important concept for
participants to express whether the intervention had a relevant impact on their life (Missotten et
al., 2007). Additionally, Magnetic Resonance Imaging (MRI) should be utilized in order to
determine if any structural changes may be taking place in the brain. Currently, public health
messages cannot give specific dose recommendations of SB that would affect health due to a
lack of evidence. Positive findings could mean a massive change within the environment in
which we live, especially in the geriatric population.

Strengths and limitations
The current study has numerous strengths. First, this was the first SB based intervention to be
implemented within an ALF; investigating the impact of breaking up prolonged SB with light PA
on the progression of cognitive decline. Second, PA was assessed both subjectively and
objectively; which was a limitation in many PA previous study interventions. Third, the
adherence to wearing the objective measure was 100%, as PSW’s put them on and took them off
every morning/night for both of the 10-day periods. Fourth, the measures used were all validated
for the older adult population with mild to moderate cognitive impairment. Lastly, the high
uptake of the bouts prescribed, indicated the effectiveness of a SB approach as opposed to trying
to increase MVPA.
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A limitation of this study was that it was a pilot study of short duration; and therefore was not
appropriately designed to detect clinically important differences. Secondly, the objective
measure was only worn for 10-days during the intervention period. Ideally, future studies should
try to have the objective measure on the participants for the entire study period. Thirdly, was that
the study did not include follow-up assessments which can be important as AD is a progressive
condition. Thus, without a follow-up at 6, 9, or 12 months we can’t conclude that the
intervention had long lasting effects. Fourthly, the primary outcome assessment at follow-up was
not blinded nor administered by a physician. Fifthly, background checks on medication history
were not taken. Finally, recruitment was only obtained from a single site and due to the small
sample size, results cannot be generalized to all ALFs.

Implications
Overall, this pilot study suggests that targeting SB is a feasible way to get this population up and
moving. Additionally, targeting SB versus moderate to vigorous PA has the benefit of being
lower in cost, not needing to hire an exercise physiologist to supervise or prescribe. With that
said, ALF may be more likely to adopt this method (reducing SB) into their facility to help their
residents improve upon these various geriatric syndromes instead of declining and needing to
transition into a nursing home. Furthermore, this study sets the groundwork for future studies to
further investigate the mechanism behind regulating glycemic variability and mitigating
cognitive decline. Lastly, it is enlightening to see that just a small change of simply sitting less
can have an effect on important health outcomes; which brings up the idea for future studies to
investigate what the minimum threshold is to see these effects.

Conclusions
Increasing age is associated with a decrease in physical activity and cognitive function; and SB
may be a modifiable risk factor that can reduce the risk of disease and disability among older
adults. The present pilot study provides preliminary evidence for the effectiveness of a SB based
intervention for significantly improving cognition, physical functioning and quality of life in
older adults with mild cognitive impairment. Large RCTs are now required to further establish
the positive effects from breaking up and reducing SB within ALF. If successful, polices can be
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implemented into these facilities to protect these older adults from further cognitive and physical
functioning decline, preserving their independence.
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Appendices
Appendix A. Questionnaires/tests

Interview Guide:
1. What is your date of Birth?
2. What do you identify as? Male/female/other- specify
3. Do you reside in this living facility permanently and how long have you been here?
4. Do you find you have difficulties with your memory?
5. Do you use mobility aids? How often?
6. How many days of the week would you say you perform moderate to vigorous physical activity?
7. Do you have any health concerns?
8. Do you smoke? Drink alcohol? If so, how long?
9. Do you sleep well at night?
10. Can you get approval from your physician to participant in this study? (participant will provide the
researcher with their physicians contact information to get verbal consent OR they will get their
physician to call the researcher to give verbal consent OR they will get a letter from their physician
deeming the participant in good enough health to participant.
11. What is your highest level of education received?
12. Do you know when you first noticed you were having memory problems?
Okay, I am now going to ask you a few questions, please answer to the best of your ability:
1. Geriatric Depression Scale Short Form: (Must score a 5 or lower)
2. Mini Mental State Examination: (Must score between 17-24, inclusive)

GDS Score=
MMSE score=

1

Version date: 01/05/2018
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Name or ID:___________________________

Date:_________________________________

CHAMPS Activities Questionnaire for Older Adults

CHAMPS: Community Healthy Activities Model Program for Seniors
Institute for Health & Aging, University of California San Francisco
Stanford Center for Research in Disease Prevention, Stanford University
(11/06/00) © Copyright 1998
Do not reproduce without permission of the CHAMPS staff
Contact: Anita L. Stewart, Ph.D., UCSF, anitast@itsa.ucsf.edu
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Appendix B. Participant Diary
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Appendix C. Prompting Watch
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