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Abstract

Background: Alzheimer’s disease (AD) is the most common form of dementia and mild
cognitive impairment (MCI) is a transitional phase between healthy cognition and dementia.
Physical activity (PA) has protective effects on cognitive decline. However, few studies have
examined how PA and sedentary behavior is structured throughout the day in older adults across
varied cognitive status in Hong Kong.

Objective: This study aimed to compare patterns of PA and sedentary behavior among
individuals with AD, MCI or normal cognition living in Hong Kong.

Methods: Participants in the MrOs and MsOs Hong Kong cohort study and the Hong Kong AD
biomarker study (n=810) wore a wrist-worn accelerometer for 7 days in free-living environment.
Patterns of PA in wake time and in-bed time, and detailed analysis of sedentary bouts were
compared between groups using analysis of covariance adjusting for covariates.

Results: Participants with MCI and low MoCA only did not differ from their cognitively normal
peers in PA and sedentary behavior. Nevertheless, when comparing to the others, participants with
AD exhibited significantly lower average daily counts per minute during the day (p < 0.05), and
tended to start their activity later in the morning. AD participants spent a larger proportion of time
in sedentary behavior (o < 0.05) and had more sedentary bouts = 30 minutes (o < 0.05).

Conclusions: The pattern of PA and sedentary behavior was different between individuals with
AD and the others. Cognitive status may alter the purpose and type of PA intervention for AD
individuals.
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INTRODUCTION

Dementia is a syndrome that causes typically leads to a loss of independence, reduced
quality of life, premature mortality, caregiver burden and high levels of healthcare utilization
and cost [1]. Alzheimer’s disease (AD) is the most common cause of dementia, and the
prevalence of AD is increasing dramatically with the ageing population [2]. Mild cognitive
impairment (MCI) is usually described as a transitional phase between healthy cognition and
dementia [3]. It is estimated that the annual rate of progression from MCI to dementia
ranging from 5% to 15%, varying according to different settings, while a large proportion of
individuals with MCI do not experience further deterioration of cognitive function [4].

Physical activity (PA) has been identified as a life-course potential modifiable risk factor for
AD [5]. PA can increase blood flow to the brain, improve cardiovascular and metabolic
health, and simultaneously encourage cognitive and social activities, which may have
beneficial effects on brain health [6]. PA has been consistently associated with beneficial
effects on cognition [7-10]. Some studies have also reported that PA may improve memory
and delay the decline in cognitive function among individuals with MCI [11, 12]. While the
current evidence points to a need for PA interventions among individuals with cognitive
impairment, a next step is to better understand how the patterns of PA for individuals with
AD or MCI would differ from those with healthy cognition.

The recent availability of accelerometers permits a detailed investigation of daily PA among
older adults. Accelerometers can measure PA continuously in free-living environment and
reduce the impact of recall bias or memory loss, a particular concern in older adults with
cognitive impairment [15]. Accelerometers provide a great opportunity to assess activity
across the full range of intensity. Previous studies have shown that individuals with MCI or
dementia had fewer total daytime activity counts than individuals without dementia [16, 17].
However, only focusing on the amount of PA failed to describe how PA was structured over
the course of the day and did not consider sleep. A few studies have explored the association
between cognitive function and diurnal patterns of PA [18-21], but most of these studies
were limited to institutionalized individuals, who were less active than community-dwelling
older adults with dementia [18-20].

Targeting reduction in sedentary behavior might be another option to prevent cognitive
decline. Increasing evidence also suggests that sedentary behavior is associated with
cognitive impairment and all-cause dementia risk [13]. The construct of sedentary behavior
is defined as any waking behavior with an energy expenditure < 1.5 METSs while in a sitting
or reclining posture [14]. However, few studies have reported on how sedentary behavior
was different between people with or without cognitive decline. Therefore, a more in-depth
investigation of sedentary patterns is needed.
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To our knowledge, no previous studies on patterns o PA and sedentary behavior have
considered individuals with AD, MCI and cognitively normal simultaneously, and few
studies have described older adults in Hong Kong, who may have significantly different
lifestyle, diet, and body physiology compared to Caucasian or other ethnic population. Thus,
we measured PA continuously by accelerometers in older adults with normal cognition, MCI
and AD, and compared their average daily PA and patterns during waking hours and in-bed
time. We expected that patterns of PA over the course of the day for the three cognitive
status would vary from each other. In addition, we further compared patterns of sedentary
behavior (numbers and duration of bouts) among the cognition groups and aimed to provide
comprehensive information on the PA of older adults in Hong Kong.

METHODS

Study participants

Participants were from two existing studies: the MrOs and MsOs Hong Kong cohort study
and the Hong Kong AD biomarker study (ADB) (Figure 1). The MrOs and MsOs study is
the first large-scale osteoporosis study in Hong Kong and was initiated in 2001 with 2,000
men and 2,000 women. Detail of the study was well described elsewhere [22]. Between
2015 and 2017, participants were invited for a 14-year follow-up visit that included repeat
questionnaire interviews and physical measurements. Of the 4,000 initial study participants,
1,060 returned for the follow-up visit. As part of the follow-up visit, all participants were
also asked to wear a wrist-worn accelerometer for 7 days; 671 agreed to wear an
accelerometer. Participants who wore an accelerometer were younger, had a larger
percentage of men, higher average HK-MoCA score and higher average years of education.

To supplement the group with poor cognitive function, we also included participants from
the ADB study. This study was initiated in March 2016 and recruited Chinese older adults in
Hong Kong who were 65 years and older, and had been diagnosed as having either amnestic
MCI or early stage of AD in either a Memory Clinic or a Geriatrics Clinic. All diagnoses
were adjudicated by at least two experienced physicians based on a comprehensive clinical
evaluation and review of medical records. The diagnosis of AD was made based on
NINCDS-ADRDA criteria [23]. Registry participants received cognitive testing, physical
measurements, volumetric MRI and clinical examinations in the study. During the same
period as the MrOs and MsOs study, the ADB study recruited 294 participants and 192 of
them agreed to wear an accelerometer for 7 days. There was no significant difference on age,
gender, years of education and gait speed between who wore the accelerometer and who did
not.

Participants from both studies were included for analysis if they had at least 3 days of valid
accelerometer wear (described below). This resulted in a final analysis sample of 810 (641
from MrOs and MsOs and 169 from ADB study). Written informed consent was obtained
from each subject and the study was approved by the Clinical Research Ethics Committees
of the Chinese University of Hong Kong.
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Cognitive function assessment

Cogpnitive function was assessed by the validated Hong Kong version of Montreal Cognitive
Assessment (HK-MoCA\) in both studies [24]. The HK-MoCA assesses various cognitive
domains including visuospatial/executive function, attention, language, recall and
orientation. The HK-MoCA scale has a maximum score of 30, and one point is added if the
person has 6 years of education or less. The cutoff score for the HK-MoCA to differentiate
cognitive impaired persons from normal is 21/22. In the MrOs and MsOs study, participants
who scored above 22 were classified as being cognitively normal. Participants who scored
22 or below were referred for further diagnosis by a physician. Based on the prior cognitive
assessments, demographics, medical history, medications, depression score, and functional
status, participants were diagnosed as AD, MCI or cognitively normal. The remaining
participants who scored below 22 but refused to see the doctor were classified as being low
MoCA only. In the ADB study, participants also underwent the HK-MoCA.

Accelerometer-assessed physical activity

Participants attending the clinic were asked to wear an Actigraph wGT3x-BT accelerometer
(Pensacola, Florida, USA) on their non-dominant wrist for 7 consecutive days in free-living
environment. Participants were instructed to wear the device at all time, except when bathing
or swimming. Compared to hip-worn accelerometers, wrist-worn accelerometers increase
participant compliance, enable measurement of sleep duration, and better detect light
activity which may be primarily upper body movement [25]. In the MrOs and MsOs study,
participants also completed a sleep log, indicating when they went to bed and awakened
each day.

Accelerometer data were collected at 100 Hz and aggregated to 60-second epochs for
analysis. Because participants from the ADB study did not have sleep logs, we used the
ActiGraph algorithm available in the ActiLife software to classify the accelerometer day into
in-bed time and waking time to all participants. AtiGraph algorithm was recommended in
studies without sleep log information, because its estimations have been proven to be closer
to self-reported in-bed time than other algorithms [26]. We have also done a sensitivity
analysis among those who have sleep logs in the MrOs and MsOs study, the in-bed time was
465.8 £ 68.6 min/night measured by AtiGraph algorithm and 480.6 £+ 70.2 min/night by
sleep logs. The interclass correlation coefficient (ICC) was 0.93, 95%CI = (0.92, 0.94),
which suggested the in-bed time was comparable from sleep logs to this algorithm in our
study (supplementary Figure 1 shows a Bland Altman plot). During wake time,
accelerometer data were screened for periods of non-wear. Non-wear time during waking
hours was identified by the Choi algorithm as more than 90 consecutive minutes of vector
magnitude (VM) zero counts, allowing for 2 minutes of hon-zero counts, providing that
there were 30 minutes of zero counts before or after that interval [27, 28]. A valid wear day
consisted of at least 10 waking hours of wear time, and participants with at least 3 valid days
were included in analyses. All participants provided an average of 5.8 (range 3 — 7) valid
days of accelerometer data.

The triaxial accelerometers measured acceleration on vertical, horizontal and perpendicular
axes. VM counts per minute (cpm) is a metric incorporating movement across all three axes
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of the accelerometer over a minute. Both wake time and sleep time VM cpm were
summarized for two sets of analyses: (i) the hour level and (ii) the day level. The hourly VM
cpm was used to visually examine the activity patterns throughout a day. The day level
measures included daily average VM cpm, percentage of wear-time spent in sedentary
behavior and average VM cpm during sleeping hours. All these metrics were calculated per
day and averaged over valid days. Sedentary behavior was categorized using the cut-point of
less than 1,853 VM cpm, which was validated by using the activPAL as the reference
criteria, the most accurate and precise monitor to distinguish postures and assess sedentary
behavior [29]. Then, = 1,853 VM cpm would be regarded as non-sedentary behavior. A
further summary on patterns of sedentary behaviors included (i) average length of sedentary
bouts (defined as a period of consecutive minutes with accelerometer registered < 1,853 VM
cpm); (ii) total numbers of sedentary bouts (= 1 min); (iii) numbers of long sedentary bouts
(= 30 min); (iv) numbers of sedentary breaks (defined as a period of 1-3 consecutive min
when the accelerometer registered = 1,853 VM cpm); (v) numbers of long non-sedentary
bouts (= 10 min).

Participant characteristics and health status

Age, gender, years of education, and living status (living alone/with families/with maid/in
elderly home) were self-reported via an interview questionnaire. Body mass index (BMI)
was calculated from measured weight and height (kg/m?2). Gait speed was measured by the
time to walk 6 meters at usual pace. Participants reported whether they were ever told by a
doctor or other health professional that they had any of the following conditions:
hypertension, diabetes, heart disease, chronic obstructive pulmonary disease (COPD), and
Parkinson’s disease. We created a variable of disease burden defined as the sum of the
number of diseases reported.

Statistical Analyses

Analysis of variance [30] for continuous variables and chi-square test for categorical
variables were used to examine the difference in participant characteristics for four cognition
groups. The differences in patterns of PA and sedentary behavior for the four groups were
examined using the analysis of covariance (ANCOVA) adjusted for covariates. Least squares
(LS) means and standard errors were estimated in two models to compare the difference of
average activity counts during awake time and sleep time, percentage of sedentary time and
sleep time for the four groups. Model 1 was adjusted for age, gender and wear time. Model 2
was further adjusted for years of education, BMI, usual gait speed, living status and disease
burden. To visualize the patterns of PA during the awake time and in-bed time, we plotted
the mean of VM cpm at each hour for each group. Then, to investigate how the activity was
different between groups, the LS means of numbers and length of the activity bouts and
sedentary bouts were reported and pairwise comparisons were performed across each group
using Model 2. All analyses were conducted using the R studio (version 1.1.383). All tests
were two-sided and p values less than .05 were considered statistically significant.
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RESULTS

Participants’ characteristics by cognition group are showed in Table 1. The average awake
wear time of the 810 participants was 951.4 minutes/day, and the mean age was 82.4 (+4.4,
range 65 — 96) years. Cognitively normal participants were younger, except the AD group
(because we also included AD participants from a specific ADB study). Across cognition
groups, the normal group tended to have fewer women; had higher HK-MoCA scores; had
more years of education; and walked faster (all p< 0.001). 15.9% of participants in normal
group lived alone. Most participants in the AD group lived with their families or maids (84%
and 8% respectively), but 1.6% of them lived in the elderly home.

Table 2 presents the difference of overall wake time VM cpm, sedentary behavior, total in-
bed time and sleep time VM cpm across cognition groups. After adjusting for age, gender
and waking wear time, there was no significant difference between participants who were
cognitively normal, MCI and low MoCA only. However, AD participants exhibited
significantly lower average VM cpm during the day (v < 0.05) and spent a significantly
larger proportion of waking wear time in sedentary behavior (p < 0.05) when comparing to
all the other 3 groups individually. During the night, there was no significant difference in
the in-bed time duration and activity.

Figure 2 shows the waking time and sleep time activity patterns for each cognition group
with plots of mean VM cpm over a 24-hour period. During waking hours, activity in each
group peaked in the morning, and then declined gradually with a slight increase in the
afternoon (Figure 2-A). The curves overlapped for the three non-AD groups. However, there
was a distinct difference between AD participants and the others. AD participants usually
initiated their activity progressively later in the morning. Their activity peak was not as steep
as the others and their activity never reached the level of other three groups throughout the
day. During the night, the patterns of the activity were similar across groups. There was
increasing variability at the beginning and the end of the day which may reflect fewer
registered accelerometer data (Figure 2-B).

Table 3 further compared the patterns of sedentary bouts across cognition groups. The three
non-AD groups, again, showed no significant difference when compared with each other. On
average, the sedentary bout length for AD participants was 7.9 minutes, which was
significantly longer than the others three groups (p < 0.05). Compared to the others,
participants with AD had fewer total numbers of sedentary bouts (p < 0.05), but they had
more sedentary bouts over 30 minutes (p < 0.05). All participants had similar numbers of
non-sedentary bouts lasting for 1 to 3 minutes. However, participants with AD had
significantly fewer numbers of non-sedentary bouts lasting over 10 minutes (o < 0.05).

DISCUSSION

In this study of 810 free-living older adults in Hong Kong, we found no significant
differences of daily PA and sedentary behaviors between cognitively normal and MCI
participants. However, compared to the non-AD participants, participants with AD were less
active particularly in the morning, and were more sedentary throughout the waking hours in
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the day independent of all covariates. We further found that participants with AD did not
have more numbers of sedentary bouts than the others, but they did have more sedentary
bouts for longer duration as well as fewer numbers of long-lasting non-sedentary bouts. To
our knowledge, this is the first comprehensive study to provide detailed profiles on how
daily PA and sedentary behavior were patterned for individuals in different cognitive status
for older Asian population. The differences in patterns suggested that cognitive status may
alter the purpose and type of PA intervention for older adults with AD.

Interestingly, participants with MCI did not differ from their cognitively healthy peers in
patterns of PA and sedentary behavior. There are several potential explanations for our
findings. A recent study showed that people with probable MCI engaged in fewer amounts
of moderate-to-vigorous PA than participants without MCI [31]. This may suggest that
individuals with MCI may engage in similar amounts of total activity to their cognitively
healthy peers, but do not engage in as much moderate-to-vigorous activity. Further explore
on PA at this intensity is needed for our population. Increasing evidence has also
demonstrated that PA has a bidirectional relationship with executive function, which is used
to define planning and problem-solving [32, 33]. It is therefore possible that because people
with MCI were physically active, they maintained their independence and good executive
function, which in turn influenced their decision to engage in PA. Declining physical activity
may partly be attribute to ongoing pathologic progress which leads to subsequent dementia
[34]. Thus, the onset of PA decline for individuals with MCI may be a potential signal of
transitioning to AD. Early detection of decline of PA in such persons is essential, because
individuals at risk for further declines in PA may benefit substantially from intervention
efforts.

PA patterns during waking hours showed that all participants were most active in the
morning and then activity decreased through the day. Our findings are consistent with
previous evidence [35-37], but activity peaked even earlier for our non-AD participants (at
around 6 am). The most striking difference of patterns between AD participants with the
others was the amplitude and the timing of peak activity during the morning. Prior study has
demonstrated that individual with mild AD participated in less moderate-intensity PA
particularly in the morning, because many moderate physical activities may be more
challenging for individuals with mild AD for being more physically demanding and
cognitively complex [21]. Therefore, instead of using the same strategies for all older adults,
it may be more appropriate to design tailored activity intervention with consideration for
specific times during the day for individuals with AD.

Sleep may also play a role in the relationship between physical activity and cognitive
function. We observed that AD participants did not have significant different in-bed time
from non-AD participants, but they tended to accrue activity later in the morning. This may
lead to delays in sleep onset or alternations in the sleep/wake pattern for AD participants.
Accumulating evidence suggests individuals with AD may experience sleep disruption and
circadian dysregulation, which might promote AD pathogenesis [38]. A longitudinal study
observed that older women with decreased circadian activity rhythm amplitude and delayed
rhythms had greater risks of developing MCI and dementia [39]. These changes may also
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impact the pattern of physical activity over the course of wake time. Future study to explore
the association between changes of circadian rhythm with physical activity is needed.

Being less active for AD participants may also be due to having fewer numbers of activity
bouts and spending more time in sedentary behaviors. Firstly, participants with AD had
fewer non-sedentary bouts over 10 minutes, which implied that they were unlikely to be
active for longer duration, regardless of the activity intensity. Moreover, participants with
AD spent larger proportion of time in sedentary behaviors than their non-AD counterparts,
which was consistent with other studies [18, 20]. However, the reason why participants with
AD were more sedentary might be because of having excessive sedentary bouts lasting over
30 minutes, rather than having greater numbers of total sedentary bouts. Given that they did
not have sufficient sedentary breaks since they had similar numbers of shorter activity bouts
(1 to 3 minutes) to other non-AD participants, it could be more effective to interrupt long
sedentary bouts by short bouts of PA or standing for AD individuals [40], and then gradually
promote their activity.

The study has several potential limitations. Using the ActiGraph Algorithm for sleep
detection may not be as good as using the sleep log, but the estimation from this algorithm
had a high accuracy to sleep log. We were unable to characterize the activity intensity
because there are currently no validated cut-points for the Actigraph wGT3x-BT wrist-worn
accelerometers. Activities during swimming would not be captured because participants
were instructed to remove the Actigraph in this period. But when we excluded the 25 people
who had reported swimming in their logs, the results did not change significantly (results
were not shown). As a large proportion of participants did not have a further diagnosis by a
physician, that might have misclassified normal cognition and MCI. In addition, the small
sample size of the MCI group may limit the power to detect significance in pairwise
comparisons. The cross-sectional design limits the ability to determine the casual
relationship between cognitive function and PA and future longitudinal studies are
warranted.

This study benefits from using a large sample of Hong Kong Chinese older adults from the
MrOs and MsQOs cohort study and the ADB study. Participants with MCI and AD were
diagnosed by physicians. The low MoCA only group enables the comparison to other studies
where cognitive impairment was only assessed by cognitive tests. All participants wore an
accelerometer for 3 or more days in the free-living environment and the 24-hour data offered
insight into the patterns of PA for each cognition groups.

In conclusion, our findings from the distinctive patterns of PA and sedentary behavior for
individuals with MCI and AD supported the idea to design and implement tailored
intervention to reduce their prolonged sedentary duration and encourage more PA. More
detail information on sleep pattern is warranted and further work is also needed to
understand the association between physical activity and the progression of MCI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Participants flow chart.
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Figure 2.

24-hour awaking time (A) and in-bed time (B) average vector magnitude counts per minutes
for each cognitive group. The number of people who had registered accelerometer data in
each hour was listed below each figure.
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Particiant characteristics by cogntion groups.

Table 1.

Characteristic Normal (n=271) LowMoCAonly(n=252) MCI (n=105) AD (n=182) pvalue*
Waking wear time (min/day) 959.5+74.1 945.6 + 82.5 959.3 +119.2 942.7 +88.9 0.106
Age (years) 81.9+35 83.4+4.0 83.6 +3.7 80.8+5.9 <0.001
Female 104 (38.2%) 120 (47.6%) 51 (48.6%) 121 (65.4%)  <0.001
HK-MoCA score 24424 19.1+3.1 18.1+3 13.1%5.1 <0.001
Years of education 8.7+49 6.3+4.38 45+44 53+49 <0.001
Body mass index, kg/m?2 23734 23.4+£3.2 23.3+£33 23.4+35 0.529
Gait speed, m/s 0.88+0.21 0.78+0.21 0.77+0.19 0.71+0.21 <0.001
Disease burden 0.070
0 71 (26.2%) 64 (25.4%) 25 (23.8%) 41 (22.5%)

1 128 (47.2%) 114 (45.2%) 47 (44.8%) 67 (36.8%)

2+ 72 (26.6%) 74 (29.4%) 33 (31.4%) 74 (40.7%)

Living status <0.001
Alone 43 (15.9%) 30 (11.9%) 15 (14.9%) 12 (6.6%)

With families 193 (71.2%) 165 (65.5%) 81 (77.1%) 152 (83.5%)

With maids 35 (12.9%) 53 (21%) 9 (8.6%) 15 (8.2%)

In elderly home 0 (0%) 4 (1.6%) 0 (0%) 3 (1.6%)

Page 14

Note: Data are shown as mean + SD or N (%). MoCA = Montreal Cognitive Assessment; MCI = mild cognitive impairment; AD = Alzheimer’s

disease.

*
p Value of ANOVA for continuous variables and chi-square for categorical variables.
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Table 2.

Overall characteristics of physical activity, sedentary behavior and sleep by cognition groups.

Normal (n =271) Low MoCA only (n=252) MCI (n=105) AD (n=182)
VM cpm during wake time
Model 1 19535 + 3547 1975.6 % 36.7 20732+56.77 15921 + 43.9%¢
Model 2 1945.0 + 3437 19705+ 34.1 2030.6 +52.97 16951 + 43.0%¢
% of wear time in Sedentary behavior
Model 1 58.4+0.77 57.7+0.77 56.2+1.17 65.3 +0.9%¢
Model 2 58.4+0.77 57.8+0.77 5714119 632+08%°
In-bed time
Model 1 466.5 +3.2 475.1+33 469.4+5.2 469.9 + 4.0
Model 2 467.5 + 3.4 4743+33 469.2+52 471.9+ 4.2
VM cpm during sleep
Model 1 2236+7.6 217.6+7.9 2412+123 244.8 + 9.4
Model 2 221.3+80 216.9+7.9 24274125 246.8+10.0

Notes: MoCA = Montreal Cognitive Assessment; MCI = mild cognitive impairment; AD =Alzheimer’s disease.

Model 1: Adjusted for age, gender and wear time.

Model 2: Adjusted for age, gender, wear time, years of education, BMI, usual gait speed, living status and disease burden

a'ﬁ< 0.05 for pairwise mean difference when comparing with normal group.

< 0.05 for pairwise mean difference when comparing with low MoCA only group.

c';zJ< 0.05 for pairwise mean difference when comparing with MCI group.

d"p < 0.05 for pairwise mean difference when comparing with AD group.
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Table 3.

Patterns of sedentary behavior by cognition groups.

Normal (n =271) Low MoCA only (n=252) MCI (n=105) AD (n=182)

Average sedentary bout length 6.6+0 20’ 65+0 2d 63+0 3d 79+0 zabc
Numbers of sedentary bouts (= 1 min) 91541 00’ 91441 Oa’ 89.4+1.6 861+ 1 Sab
Numbers of sedentary bouts (= 30 min) 3340 1d 3340 10’ 3540 20’ 4140 1abc
Numbers of non-sedentary bouts (1-3 min) 60.9+0.8 60.5+0.8 58.1+1.3 59.3+1.1

Numbers of non-sedentary bouts (= 10 min) 10.0+0 30’ 10240 3d 10.6+0 4d 8540 3abc

Notes: MoCA = Montreal Cognitive Assessment; MCI = mild cognitive impairment; AD = Alzheimer’s disease.

Least square means are adjusted for age, gender, years of education, BMI, usual gait speed, living status, disease burden and wear time.
a"p< 0.05 for pairwise mean difference when comparing with normal group.

b';z? < 0.05 for pairwise mean difference when comparing with low MoCA only group.

ap< 0.05 for pairwise mean difference when comparing with MCI group.

d:p < 0.05 for pairwise mean difference when comparing with AD group.
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