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Abstract

Objective: Few studies have detailed the physical activity and postural patterns (e.g. lying or sitting) in older adults with
declining activities of daily living (ADL). Therefore, we aimed to address this issue by quantifying physical activity using an
accelerometer and measuring time spent in various postures among older adults in assisted-living residences.

Methods: We quantified physical activity using an accelerometer (ActivPAL) and measured time spent in various postures
in 35 older adults (mean age: 89.1 years) with chronic conditions residing in two assisted-living residences in Japan. ActivPAL
was attached to the thigh and trunk of patients to distinguish between sitting and lying postures.

Results: Participants had a mean count of 6.2 comorbidities, and they were divided into three groups (fully independent,
requiring minimal assistance and requiring care) based on their activities of daily living capacity using the Barthel Index.
Residents aged =90years walked a mean of 1109.1 steps and spent 167.3 min upright per day. Fully independent participants
walked a mean of 3587.6 steps daily; those requiring minimal assistance walked 1681.0 steps daily; and those requiring care
walked 428.9 steps daily.

Conclusions: Our findings indicated that step count, number of sit-to-stand transitions, stepping time, and upright time
decreased significantly as activities of daily living capacity decreased. Comorbidity type and number of comorbidities were
not related to their lying time except for depression status. Lying time was associated with depression status.
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Several interdisciplinary studies have examined the impor-
tance of physical activity in the oldest old (i.e. people aged
=90 years); these studies have reported relationships among
age-related reductions in motor, physical, and cognitive abil-
ities as well as sharp rises in dementia incidence in people
aged =90 years.”® Moreover, multimorbidity has a negative
relationship with physical activity in older adults.’
Multimorbidity and physical activity of older adults were
associated with increased medical expenditure.'*!!

In addition to the social burden associated with such
comorbidities, very low levels of physical activity, excessive
bed rest, and extended bedridden periods can lead to various
physiological changes in the musculoskeletal, respiratory,
genitourinary and cardiovascular systems in older adults.'>!3
For example, the supine position decreases lung volume,
resulting in atelectasis, and interrupts mucociliary clearance
of the airways.'? In addition, the supine position impairs
coughing to clear secretions.'? These functional changes pre-
dispose individuals to pneumonia; moreover, low perfor-
mance status, such as total confinement to the bed or chair,
has shown a positive association with pneumonia.'
Furthermore, the supine position affects the bladder function
of voiding, leading to urinary retention.'? This change pre-
disposes individuals to urinary tract infections, and being
bedridden is reportedly associated with urinary tract infec-
tions.!* To promote expectoration and urination, light physi-
cal activity and postural adjustments (e.g. increased time
spent sitting versus time spent lying down or increased fre-
quency of sit-to-stand transitions) might aid in preventing
pneumonia and urinary tract infections in the older popula-
tion. However, to the best of our knowledge, few studies
have investigated the detailed physical activity and posture
assessment of older adults, including the differences between
lying and sitting postures, and the association between those
assessment and their comorbidities. Another study'® using a
questionnaire assessed the lying time for older adults; a more
precise evaluation using an accelerometer would be needed.

Clarifying current physical activity levels and detailed
postural patterns, including sitting and lying, in this popula-
tion is critical for determining the appropriate daily physical
activity or posture for very old adults or older adults with
multiple chronic conditions. In the present study, we aimed
to address this issue by quantifying physical activity using an
accelerometer and measuring time spent in various postures
in older adults in assisted-living residences. In addition, we
explored how the activities of daily living (ADL) in this pop-
ulation and comorbidities were associated with the partici-
pants’ physical activity and posture.

Methods

This is a preliminary report, a subset at a starting point in
time in a prospective cohort study on physical activity and
posture in older adults residing in two assisted-living resi-
dences. We recruited patients residing in two facilities; each

facility administered home-based care provided by primary
care physicians in each clinic. Participants =65 years of age
receiving regular home care visits and residing in two
assisted-living residencies were recruited between 2 July
2020 and 30 June 2021. Patients with terminal illnesses were
excluded. The Ethics Committee of our institution approved
the study design (reference 20200217-3). Written consent for
study participation was obtained from each patient and/or
their family.

Data collection

Data collected for this study included age, sex, smoking his-
tory, alcohol history, nutritional status, muscle strength,
ADL, required level of care, comorbidities, number of medi-
cations received and physical activity. Physical activity is
reportedly related with health conditions such as muscle
strength, nutritional status, comorbidities, and medica-
tions.>!”!® We aimed to investigate the condition of patients
in our target population and how factors, including muscle
strength, nutritional status, comorbidities, and ADL level,
affected the physical activity of our participants.

Nutritional status and muscle strength

Nutritional status was assessed using the body mass index
(BMI), serum albumin levels, and maximum calf circumfer-
ence. Handgrip strength was measured to assess muscle
strength.

Activities of daily living

Functional capacity for ADL was assessed using the Barthel
Index."” The Barthel Index assesses performance across 10
ADLs (feeding, bathing, grooming, dressing, bowels, blad-
der, toilet use, transfers, mobility and stairs), with scores
ranging from 0 to 100 points. The maximum score of 100
indicates full independence in physical functioning, whereas
the minimum score indicates complete dependence (i.c. bed-
ridden). A score =85 corresponds to independence with
minimal assistance, whereas a score <85 corresponds to a
state in which a patient requires greater assistance with
ADLs.? Participants were categorised into three groups
based on their ADL ability: those who were fully independ-
ent (Barthel Index of 100), required minimal assistance
(Barthel Index =85 and <100), and required a greater level
of care (Barthel Index < 85).

Required level of care

The required level of care was categorised using the levels
adopted by the Japanese long-term care insurance system.’!
In this system, a care-needs certification committee com-
prising experienced professionals in public health decide
patients’ care level based on documents that include (1) the
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examination report by a municipal certification examiner
and (2) the primary physician’s written opinion, including
ADL assessment and cognitive function evaluation.
Participants were divided into those requiring support (sup-
port level: 1-2) and those requiring long-term care (care-
need level: 1-5) based on expert evaluations of mental and
physical status. Higher levels correspond to lower ADL
ability and lower cognitive function, indicating a greater
need for support. Based on a previous study conducted in a
home care setting,?? participants were categorised into three
groups according to their care-need levels: low (support
level: 1-2), middle (care-need level: 1-2), and high (care-
need level: 3-5).

Comorbidities

The presence of multiple health conditions is negatively
associated with physical activity’; there was a positive rela-
tionship between multimorbidity and polypharmacy.'®
Therefore, we gathered data on health conditions, including
depression status, dementia scale, and multimorbidity status,
and medications. Depressive symptoms and cognitive func-
tion were assessed using the Cornell Scale for Depression in
Dementia®>?* and the Revised Hasegawa’s Dementia Scale,?
respectively.

Multimorbidity was defined as the presence of two or
more comorbidities from the following list of 17 health con-
ditions: hypertension, diabetes, dyslipidemia, stroke, cardiac
diseases, chronic respiratory diseases, digestive diseases,
kidney diseases, urological diseases, arthritis or rheumatism,
lumbar diseases, neurological diseases, mental disorders,
endocrine diseases, malignancy, vision abnormalities and
skin diseases.”® Comorbidities were identified from medical
records and confirmed by the attending physician of each
patient.

Measurement of physical activity

Physical activity and posture were assessed using ActivPAL
(ActivPALATM: PAL Technologies Ltd, Glasgow, UK) for
24 h/day for 4 days. In addition to ActivPAL, several wear-
able monitoring devices, such as ActiGraph (ActiGraph,
Pensacola, FL, USA) and SenseWear 2 (BodyMedia,
Pittsburgh, PA, USA), were used to measure physical activ-
ity. These three wearable monitors were appropriate for
measuring SB and light-intensity physical activities (LPA),
which have been proven to have a high test-retest reliabil-
ity.?” Particularly, ActivPAL was observed to have the high-
est overall criterion validity in measuring SB and LPA
compared with the other two devices.?” ActivPAL is recom-
mended for assessing low-intensity activities and SB in
older adults.’

ActivPAL was used to examine physical activity in older
adults.?® Participants wore the device on their thigh and chest
for six consecutive days. Daily physical activity levels were

calculated by averaging data from four full days (24 h/day).
Data from the first and last days (attachment/detachment
days) were excluded. We used data on step count, number of
sit-to-stand transitions, stepping time (min), and upright time
(min) from the daily summarised data of ActivPAL software,
PALanalysis.

In addition to the thigh monitoring device, a trunk moni-
tor was attached to aid in assessing changes from the sitting
to the lying posture, as previously described.?’ The system
was designed to detect the inclination of the thigh, which
reflects activities such as stepping, upright (standing posture
including stepping activity), or sitting/lying (sedentary pos-
ture). The synchronised data were collected from the two
devices and analysed in 15-s periods. Data, such as lying and
sitting times, were derived from the 15-s period data. When
both the thigh and trunk devices indicated sitting/lying, the
posture was judged as lying. When the thigh device indicated
sitting/lying but the trunk device indicated an upright pos-
ture, the position was judged as sitting.

Statistical analyses

The t-test was used to analyse continuous variables to com-
pare physical activity/posture according to age classifica-
tion. Kruskal-Wallis and Fisher’s exact tests were used to
analyse continuous and categorical variables for comparing
data including sex, age, serum albumin, grip strength, BMI,
and comorbidities among the ADL levels classified into
three groups. The Jonckheere—Terpstra test was used for
trend analyses to compare physical activity and posture with
ADL level. The level of significance was set at p <<0.05 for
all tests. Spearman’s correlation was judged 0.3 or more as a
meaningful relation and was used to explore the association
between lying time and comorbidities. Multivariate linear
regression analysis was used to further examine the associa-
tion of physical activities with ADL. These analyses were
adjusted for age, grip strength and serum albumin level.
Serum albumin status and grip strength were indicators of
older adults at risk of poor health; serum albumin status was
related to serum albumin level; and whole-body muscle mass
and grip strength were related to lower-extremity strength in
older adults.’*3! We analysed the association between physi-
cal activities and ADL considering participants’ nutritional
status and lower-extremity strength. STATA 17 (STATA
CORP, College Station, TX, USA) was used for analysis.

Results

Atotal of 112 residents were selected from two facilities. We
recruited participants whose primary physician or staff in the
two assisted-living residences agreed that the patients met
the study criteria. Among the 112 residents, 40 agreed to par-
ticipate in this study. Among them, 35 wore the thigh and
trunk devices for four full days. A total of five patients could
not wear their accelerometer fully, and the data of these
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Table I. Characteristics of patients (n=35).

Characteristics Mean SD
Age 89.1 5.3
BMI (kg/cm?) 21.6 34
Albumin (mg/dL) 38 0.5
Grip strength (kg-force) 16.8 6.1
Maximum calf circumference (cm) 30.2 39
ADL (Barthel Index) 79.7 21.0
HDS-R 214 6.3
Cornell scale for depression in dementia 1.6 22
Characteristics Number %
Sex: Male I5 43
Level of care need
Low-level (less than care level) 7 20
Middle-level (care-need level 1-2) 20 57.1
High-level (care-need level 3-5) 8 229
Comorbidities
Hypertension 24 68.6
Diabetes 9 25.7
Dyslipidemia 12 343
Stroke 16 45.7
Cardiovascular diseases 18 514
Chronic respiratory diseases 6 17.1
Digestive diseases 10 28.6
Kidney diseases 22 62.9
Urologic diseases 13 37.1
Arthritis and rheumatism I5 429
Lumbar diseases I5 429
Neurologic diseases 19 54.3
Mental disorders 7 20.0
Endocrine diseases 4 1.4
Malignancy 9 257
Vision abnormalities 6 17.1
Skin diseases 12 343
Number of comorbidities
0-1 0 0
2-3 | 2.9
4-5 16 457
6 or more 18 51.4
Number of medications
Non-polypharmacy (5 or less) 6 17.1
Polypharmacy (6-9) 17 48.6
Excessive polypharmacy (10 or more) 12 343

NA: not applicable; SD: standard deviation; HDS-R: Hasegawa dementia
scale-revised; BMI: body mass index; ADL: activities of daily living.

patients were excluded before the analyses. The mean age
was 89.1 years (ranging 79—97 years), and 15 residents were
men (43% of all residents). Grip strength was 21.3 = 5.0kg-
force for men and 13.4 = 4.5kg-force for women (Table 1).
No current smokers and four (11.4%) current alcohol drink-
ers were included. Patients had a mean of 6.2 comorbidities
(range, 3—12), the most common of which were hypertension
(68.6%), kidney diseases (62.9%), neurological diseases
(54.3%), and cardiovascular diseases (51.4%).

Figure 1 shows the 24-h physical activity and behaviour.
As older adults’ activities were limited in terms of LPA, their
physical activities and behaviours were only SB (sitting and
lying) or low-intensity physical activity (standing and step-
ping). During the night (9PM-6AM), participants sat
approximately 8.7 min/h and laid approximately 47.8 min/h.
During the daytime (6AM-9PM), participants moved
(standing or stepping) approximately 9.7min/h, laid for
approximately 19.1 min/h, and sat approximately 31.3 min/r.
Lying minutes/hour for the hours of 7AM, 11 AM and 5 PM
were shorter compared to other daytime hours, and the mean
time was 6.8 min, which was significantly shorter than the
mean lying time of other daytime hours (p-values <0.001).

Table 2 shows physical activity levels and postural pat-
terns for all patients based on age (<90 years or =90 years).
Their mean ages were 84.1 =3.7years (<90years) and
93.0 = 2.3 years (=90years). The mean daily values for all
participants were 1598.9 steps; a stepping time of 22.1 min;
an upright time of 175.4min (including standing and step-
ping time); and a sedentary time of 1263.6min (21.1h),
including 550.9 min (9.2h) of sitting and 712.7min (11.9h)
of lying. Adults =90 years of age walked a mean of 1109.1
steps/day and had a mean upright time of 167.3 min/day.
Although residents aged <90years were more active than
those aged =90 years, this difference was not significant.

Table 3 shows physical activity levels and postural pat-
terns according to ADL level. Patients with full independ-
ence in ADLs had a mean age of 88.7years (range:
80—97 years), mean grip strength of 21.4kg-force (range:
13.7-28.2 kg-force), mean BMI of 22.5kg/m? (range: 16.3—
26.8 kg/m?), and mean daily step count of 3587.6 (range:
1838-9964). Significant decreases in step count, number of
sit-to-stand transitions, stepping time, and upright time
were observed as ADL ability decreased (all p-val-
ues < 0.001). No increases in sitting time were observed as
ADL ability decreased. The lying time significantly
increased with low ADL (p=0.03). With a low level of
ADL, the grip strength and albumin level significantly
decreased (p <0.01 and 0.03, respectively). The number of
comorbidities, age, sex, and BMI did not show a significant
difference in each ADL level.

Tables 4—7 shows that multivariate linear regression anal-
yses for physical activity, including step count, number of
sit-to-stand transitions, stepping time, and upright time, indi-
cated significant positive relationships with the ADL level
when adjusted by age and grip strength or age and albumin
level (all p-values < 0.05). Lying time was positively associ-
ated with depression status (Spearman’s correlation=0.33),
although other comorbidities and number of comorbidities
were not related (Spearman’s correlation < 0.3).

Discussion

Our findings revealed the physical activity and posture of
older individuals with a mean of 6.2 comorbidities residing
in assisted-living residences in Japan. In addition, we found
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Physical Activity and Posture in one day (n=35)
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Figure |. The 24-h physical activity and posture (n=35).
Table 2. Physical activity/posture in all patients according to age classification (n=35).
Physical activity and posture All Age (<90years) Age (=90years) p-Value ?
(n=35) (n=15, 79-88years old) (n=20, 90-97 years old)
Mean SD Range Mean SD Range Mean SD Range
Step count/day 1598.9 2010.1 1-9964 22519 27259 1-9964 1109.1 1079.8  4-2962 0.09
Number of sit-to-stand transitions/day ~ 58.1  27.8  2.8-110 60.2 343 2.8-110 565 226 23.8-96.5 0.70
Stepping time (min)/day 22.1  25.1 0.04-120.7 30.3 334 0.04-120.7 160 14.6 0.05-45.1 0.09
Upright time (min)/day 1754 1609 2.3-6849 186.1 174.1 2.3-684.9 167.3 1544 21.8-6453 0.73
Sitting time (min)/day 5509 235.7 47.1-1118 5532 2432 317.1-1095.1 549.2 2363 47.1-1118 0.96
Lying time (min)/day 7127 2522 171.9-1178.1 699.8 268.0 171.9-1120.6 7224 2463 264-1178.1 0.79
SD: standard deviation.
2Analysed using t-test.
Table 3. Physical activity/posture and ADL level (n=35).
Physical activity and posture ADL (fully independent) ADL (minimal assistance) ADL (requiring care) p-Value ?
(n=9) (n=10) (n=16)
Mean SD Range Mean SD Range Mean SD Range
Step count/day 3587.6 2479.4 1838-9964 1681.0 1543.1 75-5396 4289 7833 |-2853 <0.001
Number of sit-to-stand transitions/day ~ 77.3 205  47-110 69.6 247 238-1088 40.I 224 28-825 <0.00l
Stepping time (min)/day 460 292 24.6-1207 250 194  1.4-689 6.9 123 0.04451 <0.00l
Upright time (min)/day 2713 1745 113.3-6849 214.1 97.6 75.6-385.7 972 1539 2.3-6453 <0.00]
Sitting time (min)/day 585.4 220.1 373.4-1095.1 547.0 136.0 326.3-752.4 534.0 296.6 47.1-1118 0.35
Lying time (min)/day 5792 2457 171.9-876.3 6803 101.2 518.1-796.6 808.1 291.0 264-1178.1 0.03

SD: standard deviation; ADL: activities of daily living.
?Analysed using Jonckheere—Terpstra test.

that step count, number of sit-to-stand transitions, stepping
time, and upright time decreased significantly as ADL ability
decreased. Moreover, regarding comorbidities, depression
status was related to lying time.

Our participants (mean age: 89.1 years) walked a mean of
1598.9 steps (range: 1-9964) per day, and people aged
=90 years walked a mean of 1109.1 steps. Similarly, a previ-
ous study on continuing care residents indicated that
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Table 4. Multivariate linear regression analysis for step count/day.

Variable Coefficient 95% ClI p-Value Coefficient 95% ClI p-Value
ADL level 1519.8 806.7 to 2232.9 <0.001 1317.4 481.4 to 2153.4 0.003
Age -26.6 -1343t0 81.2 0.61 -26 -129.9 to 78.1 0.61
Albumin (mg/dL) 123.5 -1036.2 to 1283.4 0.82

Grip strength (kg-force) 51.2 —62.7 to 165.3 0.36
Table 5. Multivariate linear regression analysis for number of sit-to-stand transition/day.

Variable Coefficient 95% Cl p-Value Coefficient 95% ClI p-Value
ADL level 19.24 8.76 t0 29.8 0.001 16.76 4.43 to 29.1 0.009
Age 0.04 -1.55 to 1.62 0.962 0.05 -1.49 to 1.58 0.952
Albumin (mg/dL) 1.55 -15.5t0 18.6 0.854

Grip strength (kg-force) 0.63 —1.06 to 2.31 0451
Table 6. Multivariate linear regression analysis for stepping time (min)/day.

Variable Coefficient 95% Cl p-Value Coefficient 95% ClI p-Value
ADL level 18.9 9.99 to 27.8 <0.001 16.6 6.14 to 27.0 0.003
Age -0.36 -1.70 to 0.99 0.59 -0.34 -1.64 to 0.96 0.59
Albumin (mg/dL) 2.14 -12.3to 16.6 0.76

Grip strength (kg-force) 0.62 -0.81 to 2.04 0.38
Table 7. Multivariate linear regression analysis for upright time (min)/day.

Variable Coefficient 95% ClI p-Value Coefficient 95% Cl p-Value
ADL level 89.8 23.6 to 156.1 0.009 80.6 2.18 to 159.1 0.044
Age -1.3 -11.4to 871 0.79 -1.43 -11.2t0 833 0.76
Albumin (mg/dL) -3.29 =111.0 to 104.5 0.95

Grip strength (kg-force) 1.93 -8.77 to 12.7 0.71

ADL level: activities of daily living level (classified by three levels); Cl: confidence interval.

participants, with a mean age of 82.3 years, walked a median
step count of 1906 steps (range: 38-12,636).%? The reason for
the lower step count in our study may be related to the older
mean age of our participants (6.8years older) relative to
those in the study of Chan et al.??

In addition, our study suggests that older adults exhibit an
increase in lying time without an increase in sitting time in
accordance with lower ADL ability. Another report sug-
gested that physical activity of older adults decreased with
functional limitation.>* However, because posture, such as
sitting or lying, in older adults was not assessed in detail in
previous studies, it remains unclear whether posture (e.g. sit-
ting or lying) in older adults is altered with a decline in ADL
performance. Our findings showed that sitting time tended to
be reduced with a decrease in ADL, although the relationship
was not significant. SB generally includes sitting and lying;
however, sitting may be considered a physical activity for
older adults. Although lying time per day was positively
related to comorbidities or the number of comorbidities,’

there was no significant relationship between lying time and
any comorbidities or the number of comorbidities except for
depression status. Furthermore, a previous study** indicated
that lower physical activity was associated with the risk of
depression. This relationship may be explained by the asso-
ciation of lying time with depressive symptoms or other fac-
tors, such as the amount of time spent on interpersonal
communication or hobbies,* because lying time depends on
how much time participants have in their rooms and how
they choose to spend it. These previous studies** discussed
the relationships between high intensity behaviour such as
standing, running or sports. Meanwhile, our study showed an
association between low-intensity behaviour such as lying
time and depression status. This finding suggests that depres-
sion status is an important consideration for the care of older
adults with lower physical activity levels and those who have
been bedridden for a long time.

Furthermore, we examined the 24-h physical activity and
behaviour. Few studies have reported a decrease in 24-h



Kijima et al.

movement for older adults with decreased ADL and multiple
comorbidities. One of these studies reported similar values to
our results for nighttime activity, SB, and stepping time.?®
However, detailed information about chronic health problems
and lying time were unclear. The bedridden posture may cause
several and new health problems; this result may have impor-
tant implications for the daily care of older adults. Notably,
during the daytime (after 6AM and before 9 PM), lying time
decreased at 7AM, 11AM and 5PM. These hours corre-
sponded to the mealtimes for residents in our study (breakfast
starts at 7:30-8:00AM; lunch starts at 11:30AM-12:00PM;
dinner starts at 4:30—-5:30PM). A similar trend was observed
in each ADL level (Supplemental material file). This finding
may indicate that regular eating behaviour induces physical
activity or avoidance of excessive bedridden posture.

This study had some limitations. First, the sample size
was small, which might have led to under-powered analyses.
This may explain why we could not observe a difference in
physical activity levels between residents aged <90 years
and those aged =90 years. Second, the step count assessment
may not have been precise for older adults. A total of five
patients presented with an average of 0—10 steps daily.
Although ActivPAL is reportedly more accurate than other
devices,*® very short steps are difficult to count given the
small degree of change in the axial gradient; thus, step counts
may have been underestimated. Therefore, upright time may
be a more reliable indicator of light physical activity than
step count for older adults who walk with very short steps.
Third, our statistical analyses using physical activity
employed summarised measures from the device software.
Another presentation method, a distributional presentation
from the accelerometer data, may provide more sophisti-
cated physical activity data.’” Nonparametric functional
regression models, such as kernel ridge regression using this
distributional presentation, may show additional insights.

Conclusion

Data obtained in the present study provides a reference for
physical activity and posture time in older adults residing in
two assisted-living residences. Our study revealed that in
older adults, physical activity was reduced, and lying time
increased, as ADL decreased; this finding was similar to that
of previous studies. In addition, our study found that sitting
time tended to decrease with a decrease in ADL. Furthermore,
lying time was associated with depression status. Our results
emphasise the need for precise measurement of physical
activity levels and ADL ability in this population, including
assessments of upright time and sitting time. Further studies
are required to determine the impact of physical activity and
posture on disease-causing factors in older adults.
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