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Highlights
 Residents of long-term care facilities with dementia were largely inactive, yet did not
sleep excessively.
 There was considerable variability in levels of activity and sleep over 24 hours.
 SenseWear® armbands were not well tolerated in our study.
 Using wearable technology with cognitively impaired individuals is challenging.
 More work is needed in device size, placement, and comfort.

ABSTRACT
Objectives: To objectively measure over a 24-hour period the daytime and nighttime levels of
physical activity and sleep patterns of older people with dementia living in long-term care
facilities.
Study design: Nested within a larger research program, this cross-sectional study involved
415 residents, aged ≥60 years, with a documented diagnosis of dementia, from 28 long-term
care facilities in south-east Queensland, Australia.
Main outcome measures: Residents wore SenseWear® activity armbands continuously for 24
hours, with data recorded for: step count; total energy expenditure; metabolic equivalent of
task (MET); and the amount of time spent physically active, lying down, awake and asleep.
Residents’ levels of cognitive impairment (assessed using the Rowland Universal Dementia
Assessment Scale) and agitation (assessed using the Cohen-Mansfield Agitation InventoryShort Form), and demographic data were also collected.
Results: From a total of 415 residents monitored with the SenseWear® activity armbands,
192 met the valid wear-time of 21 hours or more, and had activity and sleep data recorded.
These residents were largely inactive during the daytime (engaged in an average of 1.8 hours
of light physical activity), but achieved recommended amounts of sleep at night (average of
6.8 hours). There was considerable variation within the sample, and activity and sleep
differed by sex (p<.001), age (p=.010), mobility (p<.001), and antipsychotic usage (p=.030).
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Conclusions: These data can be used by long-term care clinicians to assist in planning
interventions and care approaches which promote physical activity and good sleep practices,
and are individualized to physical and cognitive capabilities.

Australian New Zealand Clinical Trials Registry (ACTRN12614000508673).

Keywords: Activity monitor; Cognitive impairment; Cross-sectional; Long-term care; Older
adults; SenseWear®.

1.

Introduction

A significant proportion of all older people living in long-term care (LTC) facilities have
dementia, with rates of 50% reported in Australia [1] and 80% in the United Kingdom [2].
Residents with dementia typically experience functional physical decline upon admission –
more so when cognitive impairment is severe [3] – and commonly exhibit sleep difficulties in
LTC [4, 5]. Whilst the cause of physical decline and sleep disruption can vary between
residents, a number of factors commonly contribute, including age-related changes, medical
conditions and disorders [4, 5]; adverse side-effects of prescribed psychotropic medication
[6]; a focus on resident safety [7]; prolonged periods of daytime napping and time spent in
bed [8, 9]; and the noisy, bright, routine-based environment of LTC facilities [10].
Wearable device-based technologies, such as actigraphs, offer an objective and
continuous measure of levels of physical activity and sleep patterns. Actigraphy has been
used for a number of decades in nighttime sleep research with residents with dementia living
in LTC [11]. However, the use of wearable technology for the measurement of daytime sleep
is less common [11], as is physical activity, which has been typically measured using
3

observation or interview-based methods. Of the objectively measured studies conducted to
date, over a 24-hour period, LTC residents with dementia spend half their total time asleep [9,
12], and do not have one hour where they remain completely awake [12]. On average,
residents sleep for between seven to 10 hours at night [8, 9, 13], and for between three to four
hours during the day [9]. As regards to levels of physical activity, residents are sedentary for
nearly three-quarters of their time [14], which is consistent with the LTC population
generally [15, 16].
Physical inactivity and sleep disruption in LTC facilities is detrimental to residents’
health [17, 18] and, as such, it is important for clinicians to plan interventions and develop
appropriate care approaches to address these issues. Given that technology is constantly
advancing, it is necessary and timely for estimates of activity and sleep levels for this
population to be provided when measured by modern wearable technology.
This study aimed to concurrently and objectively measure, using a modern triaxial
accelerometer, the daytime and nighttime levels of physical activity and sleep patterns over a
24-hour period in a large sample of LTC residents with dementia. Differences according to
resident characteristics were also explored, with the aim of providing specific information to
aid the development of more tailored, individualized care approaches.

2.

Methods

2.1

Design, sample, and setting

This cross-sectional study uses secondary outcome data collected at baseline of a larger
program of research (a cluster randomised controlled trial) exploring the impact of a
therapeutic robotic animal (PARO) on older people with dementia living in LTC [19] –
Australian New Zealand Clinical Trials Registry (ACTRN12614000508673). Residents
(n=415) aged ≥60 years with a documented diagnosis of dementia, were drawn from 28
4

government approved and accredited LTC facilities, located within a 100km radius of the
Brisbane central business district in South-East Queensland, Australia.
Ethical approval was granted by Griffith University Human Ethics Committee
(NRS/03/14/HREC) and respective LTC organisations. Personal (if capable) or proxy written
informed consent was obtained for all participating residents at enrolment.

2.2

Data collection

2.2.1

Cognitive functioning, level of agitation, and demographic information

Trained Research Assistants (RAs) collected the following data at baseline of the larger
research program, prior to participation in any intervention-related activities:
1. The Rowland Universal Dementia Assessment Scale (RUDAS) [20] was used to assess
residents’ severity of cognitive impairment because of its ability to accommodate the
cultural and linguistic diversity found in this part of Queensland, and its previously
demonstrated good reliability and significant correlation with the Mini Mental State
Examination [20]. Covering six domains – memory, visuospatial orientation, praxis,
visuoconstructional drawing, judgement, and language – the instrument provides a total
score that can range from 0 to 30. The lower the score, the greater the cognitive
impairment, and a score of ≤22 is indicative of possible impairment.
2. The Cohen-Mansfield Agitation Inventory – Short Form (CMAI-SF) [21] was used to
assess residents’ levels of agitation because of its internationally established use with
older people with dementia in LTC [22]. Using a five-point scale – ranging from “never”
to “a few times an hour or continuous for half an hour or more” – facility nursing staff
rated the frequency that 14 agitated behaviours were displayed by the resident in the
previous two-week period. The instrument provides a total score, ranging from 14 to 70,
with higher scores suggestive of greater agitation.
5

3. A range of resident data were extracted from facility medical records and from
discussions with residents, their families, and facility nursing staff (Table 1).

2.2.2

Activity and sleep data

Data were collected using the SenseWear® Professional 8.0 activity armband (Temple
Healthcare, BodyMedia, Inc). This device was chosen for use with our study population
because of its: light-weight design; the inclusion of multiple sensors, including a triaxial
accelerometer that processes data by in-built algorithms; on/off body sensors to record weartime; and its validity for use in a number of populations, including older people with
dementia in LTC [23], and community-dwelling older adults [24, 25].
The following data metrics were of interest in this study: 1) step count (number of
steps taken); 2) total energy expenditure (kilojoules); 3) Metabolic Equivalent of Task
(MET); and the time spent (hours) 4) in physical activity (hours spent with a MET of >1.5),
5) lying down, 6) awake, 7) asleep overall, 8) in light sleep, 9) in deep sleep, and 10) in very
deep sleep. All variables were predefined by SenseWear® Software based on artificial
intelligence, and all data were recorded in 60 second epochs, as is standard for research in the
area [e.g., 15, 24].
Between Monday to Saturday, trained RAs placed the SenseWear® armbands on
residents’ upper non-dominant arm over the triceps muscle. Collecting data from residents on
different days of the week counteracts the variability resulting from the absence of contextual
data about what the residents were doing at the time of recording (e.g. activity versus
inactivity during and across the days in care settings). Residents were asked to wear the
armbands continuously for 24-hours, removing only for bathing or discomfort. Nursing and
care staff were trained in the placement and removal of the armbands to assist residents.

6

2.3

Data processing and analysis

All SenseWear® data were downloaded using SenseWear® software. Data were reduced into
overall (24-hours) and hourly summaries and, following inspection of data and discussions
with facility staff regarding residents’ bed-times, daytime (8am-7:59pm) and nighttime (8pm7:59am) summaries. A member of the research team visually checked 10 percent of extracted
data against the recorded SenseWear® software for 100 percent accuracy. A valid ‘day’ was
defined as 21 hours or more of data recorded over the 24-hour period, with less wear-time
considered too inaccurate for reliable and valid analyses. This cut-off is consistent with a
previous study that used the SenseWear® armbands with community-dwelling older adults
[25]. Using the on/off body-time data, only residents with a valid wear-time of ≥21 hours
were included in the analysis.
Using SPSS version 22.0 (IBM Corp. Armonk, NY), demographic variables were
compared between included and excluded groups of residents, using Pearson’s Chi-Square or
Fisher’s Exact Tests (categorical data), and one-way analysis of variance (ANOVAs)
(continuous data). SenseWear® variables were examined overall (24-hours), and for daytime
(8am-7:59pm) and nighttime (8pm-7:59am). Hourly variation in residents’ activity was
explored using a series of one-way within-subjects repeated measures ANOVAs. Means were
inspected to explore trends in the data and, where sphericity was violated, the Greenhouse
Geisser correction was applied. To examine whether activity levels over the 24-hour period
differed according to resident characteristics, a series of multivariate analysis of variance
(MANOVAs), with Pillai’s Trace reported, were conducted for each SenseWear® dependent
variable and the following categorical variables: 1) sex; 2) mobility status; 3) medication
usage (all); 4) antidepressant usage; 5) antipsychotic usage; 6) anxiolytic and hypnotic usage;
7) anticonvulsant usage; 8) anticholinesterase inhibitor usage; 9) analgesic usage; and the
following continuous variables recoded into groups 10) age (“<85 years”, “≥85 years”); 11)
7

cognitive impairment (RUDAS score) (“0-9 severe”, “10-17 moderate”, “18-23 mild”); and
12) agitation (CMAI-SF score) (“0-14 never”, “15-28 less than once a week”, “29-42 once or
several times a week”, “43-56 once or several times a day”, “57-70 a few times an hour or
continuous for half an hour or more”).

3.

Results

From a total of 415 residents monitored using SenseWear® armbands, 192 met the valid
wear-time of 21 hours or more, and had activity and sleep data recorded. Included residents
had an average of 23.3 hours (SD=0.8) of available data over the 24-hour period. The
demographic and clinical profiles of included and excluded residents were largely similar,
although there was a significant between-group difference for agitation levels (F(1,413)=
4.320, p=.038), with included residents less agitated than their counterparts. This difference
may not be clinically meaningful, however, as the mean scores of the two groups are within
the same response category of ‘less than once a week’ (28.9 vs. 31.0 respectively) (Table 1).

3.1

Over 24-hours

Daily activity data showed that, on average, residents took 307.5 steps (SD=803.3), expended
6594.6 kilojoules of energy (SD=1436.4), and had a MET of 1.1 (SD=0.2), which is the
metabolic equivalent required of sitting. Residents spent approximately 40% of the 24-hour
period lying down (10.4 hours, SD=4.0), and only 10% engaged in light physical activity (2.4
hours (SD=2.3), defined as MET of >1.5-3). There were no instances of moderate or vigorous
physical activity. Residents spent nearly two-thirds (63.8%) of the 24-hour period awake and
a third (33.8%) asleep, with an average 15.3 hours (SD=3.8) of waking time, and 8.1 hours
(SD=3.8) of sleeping time recorded. Light sleep accounted for three-quarters (77.8%) of all
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sleep-time (6.3 hours; SD=3.0); residents averaged 1.2 hours (SD=1.2) of deep sleep, and 0.6
hours (SD=0.8) of very deep sleep over the 24-hour period (Table 2).

3.2

Daytime

Between the hours of 8am and 7:59pm, residents averaged 240.2 steps (SD=646.7), expended
3557.4 kilojoules of energy (SD=921.4), and had a mean MET of 1.2 (SD=0.3). Fifteen
percent of residents’ time during the day was spent lying down (2.0 hours, SD=2.3) and in
light physical activity (1.8 hours, SD=1.8). Residents were awake for the majority of daytime
hours (10.2 hours, SD=1.8) and asleep for just over 10% of this time (1.3 hours, SD=1.7),
largely in light sleep (1.0 hours, SD=1.4) (Figures 1-3).
There was considerable variation in the activity and sleep patterns among daytime
hours and, with the exception of step count (p=.193) and deep sleep (p=.248), this was
significant for all SenseWear® variables. Overall, residents were most active during the
afternoon and into the early evening: step counts were highest from 12-5:59pm, whilst
highest averages for total energy expenditure, MET, and time spent in light physical activity
were between 3-6:59pm. Further, residents were typically lying down and asleep during three
daytime, post-dining periods: morning-time from 8-9:59am; early afternoon from 1-1:59pm;
and early evening from 6-7:59pm.

3.3

Nighttime

Between the hours of 8pm and 7:59am, residents were largely inactive, with an average of
67.2 steps (SD=199.8), 3037.2 kilojoules of energy expended (SD=631.4), MET of 1.0
(SD=0.2), and 5% of time spent in light physical activity (0.6 hours, SD=0.7). Although 70%
of nighttime hours were spent lying down (8.4 hours, SD=2.7), residents were only asleep for
56.7% of the night, with an average of 6.8 hours (SD=2.9) sleep recorded. Light sleep
9

accounted for three-quarters of night sleep-time (5.3 hours; SD=2.3), with residents
averaging 1.0 hours (SD=1.1) of deep sleep, and 0.5 hours (SD=0.7) of very deep sleep
(Figures 1-3).
There was significant variation in the activity and sleep patterns of residents among
nighttime hours for all variables. Residents were least active between 11pm-4:59am, with
averages at their lowest for step count, total energy expended, MET, and time spent in light
physical activity. The time residents spent lying down and asleep increased hourly from 8pm
until 1:59pm for lying down, and until 12.59pm for sleep, after which hourly averages
decreased until 7:59am. Periods of deep and very deep sleep were at their highest between
10pm and 4:49am.

3.4

Activity and sleep patterns over 24-hours by resident characteristics

There were significant differences in the activity and sleep patterns according to: sex
(F[10,181]=6.49, p<.001; Pillai’s Trace=0.26); age (F[10,181]=2.43, p=.010; Pillai’s
Trace=0.12); level of mobility (F[20,350]=3.14, p<.001; Pillai’s Trace=0.30); and prescribed
antipsychotic usage (F[10,181]=2.06, p=.030; Pillai’s Trace=0.10). Specifically, male
residents expended more total energy than female residents (p<.001), and those aged ≥ 85
years took fewer steps (p=.034), expended less total energy (p<.001), and spent less time in
light physical activity (p=.021) than their younger counterparts. Further, mobile residents
took more steps (p<.001), expended more total energy (p=.001), spent more time in light
physical activity (p<.001) and with a greater intensity – higher mean MET – (p=.032), and
spent less time lying down (p=.016), than those with limited/no mobility. Finally, residents
taking antipsychotic medication had a lower mean MET (p=.006) and were awake less
(p=.037) and asleep more (p=.048), specifically in deep sleep (p=.029), than residents not
taking antipsychotics.
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No significant differences were found for level of cognitive impairment, level of
agitation, medication usage overall, and usage of antidepressants, anxiolytics and hypnotics,
anticonvulsants, anticholinesterase inhibitors, and analgesics.

4.

Discussion

Over a 24-hour period, residents in this study were largely inactive. Whilst the absence of
established rates of activity for this population prevents comparison, the general trend of
inactivity and high rate of sedentariness is consistent with previous studies conducted with
this population specifically [14], and also in LTC generally [15, 16]. Physical activity has the
potential to improve the health, well-being, and sleep of older people with dementia. A
Function-Focused Care (FFC) philosophy of care may go some way toward achieving this,
educating care staff on the importance of physical activity, and providing
education/mentorship in the ways that activities can be safely introduced into the ‘everyday’
and tailored to the capabilities of each resident (i.e., person-centered) . The adoption of such
an approach has been successfully demonstrated in a cluster randomized controlled trial
involving residents with moderate to severe dementia: care staff were able to learn the new
approach and change their practice, and residents spent significantly more time in physical
activity and function, and fell less often [26]. LTC facilities may also benefit from the
inclusion of more formal physical exercise opportunities within their scheduled activities. A
recent systematic review [27] reported that the most significant improvements for LTC
residents with dementia occurred when activities involved strength, flexibility, balance, and
endurance (typically walking), and were conducted for at least 30-minutes twice a week.
Within our results, there was considerable variability in the levels of activity and sleep
over 24-hours. Given the different ways in which dementia symptomatically presents, this is
likely to be reflective of the heterogeneity of this population, and reinforces the need to offer
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a person-centred approach to activity planning. Further variation was also noted according to
residents’ sex, age, level of mobility, and use of prescribed antipsychotic usage. Similar to
previous research conducted in LTC [15], male residents were found to expend significantly
more total energy than female residents, whilst older residents and those less mobile were
generally less active. The finding that residents taking antipsychotics slept more and also had
lower mean MET, serves to highlight the sedative effect that such medication can have on
this already sedentary population.
Consistent with rates reported in studies with the general LTC population [15, 16],
residents in the current study were physically active for just 15% of their daytime hours. Most
of this activity occurred during the afternoon and into the early evening, principally from 36:59pm. This increase in activity could be representative of heightened agitation levels during
these times and may be possible evidence of ‘sundowning’, or rather the perception of it by
facility staff, with the activity during this time noticeably higher than the low levels observed
at other times of the day. Nevertheless, the trend towards increased activity during the
afternoon may suggest that LTC could benefit from changes in staffing levels according to
activity levels.
Residents got an average of approximately seven hours of sleep, which is consistent
with previous Australian research [13] and the recommended 7-8 hours required for older
adults [28]. The low levels of daytime napping observed in our study (10%) – which is much
lower than the ~30% reported previously [8] – may have contributed to the levels of sleep
achieved. However, we also found that from around 1-2am, the amount of time residents
spent asleep and lying down decreased hourly until daytime began. Whilst increased
nighttime awakenings are a hallmark of dementia, routine toileting/continence care practices
may also account for some of the sleep disturbance, with over-night checks shown to occur in
Australian LTC facilities routinely [29]. Facilities should consider auditing their current
12

nighttime continence care practices, and align when and how they check residents based on
individual factors [29].
SenseWear® armbands were not well tolerated in our study, with just over half
(53.7%) of all residents not meeting the set valid wear-time criteria of ≥21 hours. This rate is
higher than that reported in previous studies conducted with people with dementia, whereby
non-adherence rates of approximately one-third were observed [30]. The inclusion of a large
sample – 415 residents from 28 long-term care facilities and with varying levels of cognitive
impairment – may have contributed to the higher rate of non-adherence we observed. Our
findings and experiences during the study highlight the challenge of using wearable
technology with cognitively impaired individuals and supports, more broadly, the need for
more work in this area, particularly regarding practical issues such as device size, placement,
and comfort [31].
Study limitations include: 1) Residents wore SenseWear® armbands for one
continuous 24-hour period only. 2) We set the valid wear-time at ≥21 hours, which was used
in a previous study using the armbands with community-dwelling older adults [25]. A
different cut-off may have produced different results, although the high wear-time in our
study (average of 23.3 hours) supports the validity of the data captured. 3) Daytime (8am7:59pm) and nighttime (8pm – 7:59pm) periods were defined based on discussions with LTC
staff regarding usual bed-times and inspection of data. Whilst this cut-off is supported by
research that has shown that the average bedtime for a LTC resident is 20:30 [32], the results
may not be fully reflective of individual waking and sleeping periods. 4) This study reports
objectively measured data, and offers no insight into what the residents were doing over the
24-hour period. 5) The SenseWear® activity armbands have been shown to both under- and
over-estimate step counts in young adults in controlled and free-living conditions [33].
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Readers should be mindful of the limitations of this technology when interpreting our
findings.

5.

Conclusions and implications for Practice

The findings present an overall picture of general daytime inactivity but acceptable amounts
of sleep at night, although there was considerable variation within the sample, specifically
according to sex, age, mobility status, and antipsychotic usage. These objectively collected
data can be used by clinicians to plan interventions and care approaches that promote
physical activity and good sleep practices, which are individualized to physical and cognitive
capabilities. Our findings suggest that LTC facilities may specifically benefit from the
inclusion of more formal physical exercise opportunities within their scheduled activities, and
from a function-focused approach to care. Further, facilities should give consideration to
varying staffing according to activity levels (perhaps more staff should work in the afternoon
when the likelihood of agitated activity levels are highest), and to auditing nighttime
continence care practices based on individual resident factors.
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Figure 1. Mean number of steps taken per hour, over a 24-hour period

Figure 2. Mean time spent in physical activity per hour, over a 24-hour period
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Figure 3. Mean time spent awake and asleep per hour, over a 24-hour period
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Table 1.

Characteristics of included residents (n=192)

Characteristic
Sex (female)
Age (years)
RUDAS (total score)
CMAI-SF (total score)*
Type of dementia diagnosed:
Alzheimer's disease
Vascular dementia
Dementia with Lewy bodies
Fronto temporal lobar degeneration
Alcohol-related dementia
Unspecified
Taking medication (yes):
Antidepressantsb
Antipsychoticsb
Anxiolytics and hypnoticsb
Anticonvulsantsb
Analgesicsb
Anticholinesterase inhibitorsb
Mobility status:a
Mobile
Mobile with aid
Not mobile
Sensory deficit (yes):a
Hearingb
Visionb
Olfactionb
Touch/Pain/Tinglingb
Otherb
Time in facility (years):a
<1
1-3
4-6
7-9
≥10
Facility care-type environment:a
Secure dementia unit
Facility ward/unit
Facility room-type environment:
Single room
Shared room

n=192
142 (74.0%)
85.5 (7.7)
7.9 (6.7)
28.9 (10.1)
63 (32.8%)
31 (16.1%)
3 (1.6%)
2 (1.0%)
1 (0.5%)
92 (47.9%)
147 (76.6%)
83/147 (56.5%)
68/147 (46.3%)
49/147 (33.3%)
14/147 (9.5%)
43/147 (29.3%)
19/147 (12.9%)
64/186 (33.3%)
91/186 (47.4%)
31/186 (16.1%)
161/188 (83.9%)
85/161 (52.8%)
138/161 (85.7%)
2/161 (1.2%)
24/161 (14.9%)
9/161 (5.6%)
68/192 (35.4%)
92/192 (47.9%)
23/192 (12.0%)
6/192 (3.1%)
3/192 (1.6%)
105/191 (54.7%)
86/191 (44.8%)
160 (83.3%)
32 (16.7%)

Categorical data are presented as n (%), with group differences analysed by Pearson’s Chi-Square
Test or Fisher’s Exact Test. Continuous data are presented as mean (standard deviation), with group
differences analysed by One-Way ANOVA. RUDAS = The Rowland Universal Dementia
Assessment Scale: A Multicultural Cognitive Assessment Scale. CMAI – SF = The Cohen-Mansfield
Agitation Inventory – Short Form. aData not available for all residents. bMultiple response item.
Statistically significant difference between included (n=192) and excluded (n=223) residents at the
level of *p=0.038.

23

Table 2. Residents’ (n=192) activity and sleep patterns: 24-hours, daytime, and nighttime
Overall:
Daytime:
24-hours
8am – 7:59pm
Step Count (n)
307.5 (803.3); 3-8253
240.2 (646.7); 0-5927
Total Energy Expenditure (kjs)
6594.6 (1436.4); 3989-11341
3557.4 (921.4); 1816-6964
Metabolic Equivalent of Task (MET)
1.1 (0.2); 1-2
1.2 (0.3); 1-2
Light Physical Activity (hours)
2.4 (2.3); 0-10
1.8 (1.8); 0-9
Lying Down (hours)
10.4 (4.0); 2-24
2.0 (2.3); 0-12
Awake (hours)
15.3 (3.8); 2-23
10.2 (1.8); 2-12
Sleep (total) (hours)
8.1 (3.8); 1-21
1.3 (1.7); 0-9
Light Sleep (hours)
6.3 (3.0); 1-17
1.0 (1.4); 0-9
Deep Sleep (hours)
1.2 (1.2); 0-5
0.2 (0.4); 0-2
Very Deep Sleep (hours)
0.6 (0.8); 0-6
0.1 (0.2); 0-2

Nighttime:
8pm – 7:59am
67.2 (199.8); 0-2326
3037.2 (631.4); 2048-5862
1.0 (0.2); 1-2
0.6 (0.7); 0-4
8.4 (2.7); 0-12
5.0 (2.9); 0-12
6.8 (2.9); 0-12
5.3 (2.3); 0-11
1.0 (1.1); 0-5
0.5 (0.7); 0-6

Data are presented as mean (standard deviation); range. Vs = versus; n=number; kjs = kilojoules. aMay not add up to 100% due to missing data or rounding.
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