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Abstract
Objective: This study sought to investigate differences in physical activity and activity fragmentation between older
adults with and without dementia and between older adults with dementia with Lewy bodies (DLB) and older adults
with Alzheimer’s disease (AD). The study also sought to investigate how these differences vary in magnitude at different
ages.
Methods: Accelerometry data were analyzed from individuals with dementia (n = 94) and individuals without dementia
(n = 613) who participated in the National Health and Aging Trends Study (NHATS), as well as from individuals with DLB
(n = 12) and AD (n = 10) who participated in a pilot study.
Results: In the NHATS cohort, individuals without dementia had more activity counts (0.325 million [95% CI 0.162 mil-
lion, 0.487 million]) and a longer active bout length (0.631 minutes [95% CI 0.311, 0.952]) at the mean age of 79 than
individuals with dementia at the same age. There was also suggestive evidence that individuals without dementia had a
shorter resting bout length (−2.196 minutes [95% CI −4.996, 0.605]) than individuals with dementia. Differences in
data collection and processing prevented direct comparisons between the cohorts, and the parallel analyses in the smaller
cohort were underpowered to detect statistically significant differences between DLB and AD.
Conclusion: This work shows that objectively measured accelerometry data differ between individuals with and without
dementia; future studies with larger samples should investigate whether accelerometry data can be used to aid in the
early identification of dementia and differentiation of dementia subtypes.
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Introduction

Physical activity (PA) is an important modifiable risk factor
for dementia.1–3 Engaging in regular PA can significantly
enhance brain health by promoting neurogenesis, reducing
inflammation, and improving vascular health,2,3 and meta-
analyses suggest that high levels of PA can decrease the risk
of developing Alzheimer’s disease (AD) by up to 45%.4 A
number of large, cohort-based studies have explored associa-
tions between self-reported PA and dementia,5–7 but these
studies have been limited by the fact that self-reported PA is
a subjective measure that is prone to recall bias.8 Obtaining
accurate measurements of PA intensity, duration, and timing
can be difficult, but accelerometry-based activity monitors
can capture more reliable assessments of PA than self-report
measures.8–11

Accelerometry-based studies have established that indi-
viduals with dementia are less active than age- and sex-
matched controls1,12–15 and that individuals with dementia
experience a variety of symptoms that affect their daily
PA patterns, including sleep disturbances at night and
sleepiness during the day.16 Other accelerometry studies
have shown that lower levels of daily activity, greater pro-
longed sedentary time, and less stable 24-h activity patterns
are associated with lower levels of cognition in older
adults.17–21 Similar findings have been observed in studies
investigating an association between daily activity or seden-
tary bout length and incident dementia22–24 or in studies of
fewer than 50 individuals with prevalent dementia.25,26

These findings suggest that accelerometry devices could
serve as biometric markers of activity-related symptoms
and cognitive decline and/or dementia in older adults, but
no large, nationally representative US studies have tackled
the relationship between prevalent dementia and objectively
measured PA.

Likewise, only a few studies have attempted to use accel-
erometers to differentiate between different dementia sub-
types. Given that motor disturbances are more common in
individuals with dementia with Lewy bodies (DLB) than
in individuals with AD,27 accelerometers that objectively
measure the motor domain between clinic visits could
help identify differences in PA between these two groups.
Because differentiating DLB from AD is challenging,28,29

future developments in this field could improve the identi-
fication of early dementia and dementia subtype.

One large-scale effort to make accelerometry data avail-
able to researchers is the National Health and Aging Trends
Study (NHATS), which collects a range of accelerometer-
derived measures and demographic, behavioral, and
health-related covariates in older adults.30 We seek to use
the NHATS accelerometry data to better understand differ-
ences in PA and activity fragmentation between individuals
with and without dementia and to examine whether these
differences vary in magnitude at different ages. In addition,
we will make similar comparisons in a smaller sample of

older adults with DLB and AD from the Technology for
Early Dementia Diagnosis (TEDD) study as an exploratory
analysis to characterize PA-related differences across the
two groups.

Methods
This study analyzes accelerometry data collected from indi-
viduals who participated in the NHATS consortium or in
the VA Puget Sound TEDD study, but NHATS investiga-
tors did not participate in these analyses.

NHATS study population
Data were obtained from NHATS, a large consortium that
conducts in-person interviews and performance-based
assessments on a nationally representative sample of US
Medicare beneficiaries aged 65 and older to gather informa-
tion on the physical, cognitive, and sensory capacity of par-
ticipants.31 Oversampling by age and race was part of the
NHATS design, so older individuals and Black individuals
were sampled at higher rates than other groups. Otherwise,
to be included in the initial NHATS sample, participants
had to be age 65 or older and enrolled as Medicare benefi-
ciaries as of 30 September 2010. In 2015, the sample was
replenished using the same design, with eligibility extended
to individuals aged 65 or older and enrolled as Medicare
beneficiaries as of 30 September 2014. NHATS participants
provided informed consent and were enrolled in a protocol
approved by the Johns Hopkins Bloomberg School of
Public Health institutional review board (IRB). NHATS
participants are classified as having probable, possible, or
no dementia according to one of the following three meth-
ods: (1) the report of a doctor, (2) a score on the AD8
Dementia Screening Interview,32,33 or (3) a score on a cog-
nitive test battery that evaluated memory, orientation, and
executive function.34 Furthermore, in the current analysis,
participants with probable or possible dementia are both
labeled as having dementia.

This analysis includes data from Round 11 of the
NHATS (June 2021–November 2021), when NHATS
began collecting PA data from a subsample of the
NHATS cohort (n = 872). After an interview with a study
team member, participants were instructed to wear the
ActiGraph CentrePoint Insight Watch (a triaxial accelerom-
eter) on their nondominant wrist for 7 days after the inter-
view day (i.e., 8 days in total). The participants were to
wear the devices at all times, except when swimming or
bathing for more than 30 minutes. The devices were set to
a sampling rate of 64 Hz.

Non-wear time was estimated as any interval of 90 min-
utes or longer, and a valid day was defined as wear time
greater than 90% or 1296 minutes per day.35 Of the 872 par-
ticipants who were eligible to wear the activity watch, 747
(86%) returned an activity watch with at least 1 day of valid
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data. We excluded participants who had ≤3 days of valid
data (n = 9) given that these individuals exhibited activity
outcomes that were highly variable. Finally, 31 participants
who were missing demographic or health-related variables
involved in our statistical analyses were excluded (n = 16
missing education level, n = 9 missing body mass index
[BMI], n = 6 missing chronic comorbidity information).
This resulted in an analytic sample size of 707 NHATS par-
ticipants, of which 94 had dementia and 613 did not.

Raw accelerometer data files were unavailable for
NHATS participants.

TEDD study population
Participants with DLB (n = 12) and AD (n = 10) were
recruited from VA Puget Sound Health Care System (VA
Puget Sound) and the Puget Sound community as part of
a larger NIH-funded study to explore how novel measure-
ments of activity, sleep, cognition, and behavior could be
used to differentiate individuals with DLB from individuals
with AD. The sample size for this study was not determined
through formal sample size calculations; instead,we enrolled
as many participants as feasible to enable exploratory ana-
lyses of associations between the novel measurements and
dementia subtype. All participants provided informed con-
sent and were enrolled in a protocol approved by the VA
Puget Sound IRB; baseline data were collected from 2020
to 2024. All participants either met criteria for probable
DLBaccording to theFourthConsensusReport36 or for prob-
able AD dementia according to the National Institute on
Aging–Alzheimer’s Association Workgroup criteria.37 To
be eligible for the TEDD study, participants also had to
have 8+ years of education, be age 22+, have a score of 12
+ on the Montreal Cognitive Assessment (MoCA; or an
equivalent score on the remote MoCA or telephone assess-
ment battery), be sufficiently ambulatory to take part in the
study, and have a study companion whowas willing to serve
as an informant; individuals were excluded if their cognitive
dysfunction could be explained by the presence of a non-
neurodegenerative disorder, if they had a diagnosis of
Parkinson’s disease, or if they had an unstable psychiatric
condition.

Detailed covariate data on TEDD participants were gath-
ered through VA electronic health records data and in-person
assessments. After receiving a brief tutorial from a study
coordinator (either remotely or in person), participants were
instructed to wear ActiGraph’s triaxial wGT3X-BT accelero-
metry device on their nondominant wrist. A wrist-worn
device was selected (rather than a hip-worn device) and
then taped in place to maximize tolerability and compli-
ance.38–40 The device was to be worn for 14 consecutive
full days and nights, and participants were asked to wear
the device at all times, including when bathing or swimming.
The device was set to a sampling rate of 30 Hz.

At the beginning of the study, some participants began
wearing the device shortly after the recording had started,
and on the final day of recording, some participants
removed the device early. These partial non-wear days
were identified using the data quality visualization feature
of the GGIR package (version 2.8.2) and were subsequently
removed from the analysis; no other non-wear times were
identified in any participants. Across all participants, 10
days of partially recorded data were identified and removed.
Each participant ultimately had at least 12 days of acceler-
ometer data with complete wear time.

Raw accelerometer data files for each participant were
processed in R (version 4.1.1).

Generation of activity outcomes
Accelerometer data from both data sources are presented as
the number of vector magnitude activity counts occurring in
each second of wear time. We generated three primary out-
come measures for each data source: mean daily activity
counts, mean active bout length, and mean resting bout
length. To calculate average daily counts, we summed the
number of counts occurring over the 24 h of each day and
then averaged the number of daily counts over all valid
days of wear time for each person individually. The frag-
mentation outcomes (mean active bout length and mean
resting bout length) were provided by NHATS based on
the work of Koster et al.41 and are defined as the average
duration (in minutes) of both active bouts (≥1853 activity
counts per minute) and resting bouts (<1853 activity counts
per minute). We created these outcomes manually in the
TEDD sample by classifying every minute of wear time
of each 24-h day as active or resting using the same cutoff
that NHATS uses (i.e., 1853 activity counts per minute) and
calculating the average duration of each activity class for
each participant.

Statistical analyses
For our analyses of NHATS data, survey-weighted linear
regression models were run using the svyglm function of
the survey package (version 4.2-1) in R. The models were
weighted using the survey weights provided by NHATS.
Three models were created: one with daily activity counts
as the outcome, one with active bout length as the outcome,
and one with resting bout length as the outcome. The pre-
dictor variables in these models included race (binary; white
vs. non-white), sex (binary; male vs. female), age (continu-
ous), dementia status (binary; dementia vs. no dementia),
education level (binary; college degree vs. less than college
degree), marital status (binary; married vs. not married),
residence type (binary; community vs. care facility), BMI
(continuous), total number of chronic comorbidities (con-
tinuous; includes heart attack, heart disease, high blood
pressure, arthritis, osteoporosis, diabetes, lung disease,
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stroke, and cancer), and an interaction term between age
and dementia status.

For our analyses of TEDD data, multiple linear regres-
sion models were run with the same outcomes as the
NHATS models. Predictors in these models included age
(continuous) and dementia subtype (binary; DLB vs. AD).
The other predictors included in the NHATS models were
dropped from these models given that the sample had lim-
ited variability in race and sex and that the sample size
was likely too small to support more complex modeling.

We compared the association between age and all three
outcomes across the two dementia-related subgroups of
each sample. Additionally, we compared the predicted
value of all three outcomes at the mean age of each sample
(i.e., 79 for NHATS and 74 for TEDD).

As described above, NHATS and TEDD used different
ActiGraph triaxial accelerometer models that were set to
record at different sampling rates and for different amounts
of time; they applied different standards regarding non-wear
time; and they likely used different processing methods to
convert raw accelerometry data into the outcome measures
in this study. These differences prevented us from directly
comparing measures of daily activity, active bout length,
and resting bout length between the two cohorts.

Results
In the NHATS sample, participants with dementia were
slightly older, more likely to be female, and more likely
to be non-white than participants without dementia (see
Table 1). In the TEDD sample, participants with DLB
were slightly younger than participants with AD, but the
two groups were similar in sex and race (see Table 2).
The TEDD participants were also much more likely to be
male (91%) than the NHATS participants (46%), but this
finding was not surprising given that the TEDD study
recruited primarily from a population of Veterans.

Although the NHATS collects cognitive data, specific
scores on cognitive assessments were not available for
this analysis. In the TEDD sample, participants with DLB
performed slightly worse on the MoCA than TEDD partici-
pants with AD (see Table 2) despite being slightly younger.

Mean daily activity counts in the NHATS sample ranged
from 0.29 million activity counts to 4.29 million activity
counts. For the NHATS participants with and without
dementia, the mean (SD) daily activity counts were 1.33
(0.57) million counts and 1.72 (0.61) million counts, the
mean (SD) active bout durations were 3.20 minutes (1.15)
and 3.92 minutes (1.17), and the mean (SD) resting bout
durations were 16.4 minutes (9.19) and 13.3 minutes
(6.34), respectively (Figure 1).

Mean daily activity counts in the TEDD sample ranged
from 0.41 million counts to 3.03 million counts. For the
TEDD participants with DLB and with AD, the mean (SD)
daily activity counts were 1.39 (0.69) million counts and

1.61 (0.21) million counts, the mean (SD) active bout dura-
tions were 6.42 minutes (2.58) and 7.55 minutes (1.76), and
the mean (SD) resting bout durations were 18.5 minutes
(10.3) and 12.4 minutes (2.86), respectively (Figure 2).

In our NHATS models (adjusted for race, sex, age,
dementia status, education level, marital status, residence
type, BMI, total number of chronic comorbidities, and an
interaction term between age and dementia status), we esti-
mate that for each 1-year difference in age, older participants
with dementia have, on average, 0.022 million fewer (95%
CI 0.006–0.037 million fewer) activity counts and older par-
ticipants without dementia have, on average, 0.026 million
fewer (95% CI 0.018–0.034 million fewer) activity counts.
We also estimate that for each 1-year difference in age, older
participants with dementia have, on average, 0.037 minutes
shorter (95% CI 0.020–0.054 minutes shorter) active bout
lengths and older participants without dementia have, on
average, 0.022 minutes shorter (95% CI 0.054 minutes
shorter to 0.010 minutes longer) active bout lengths.
Finally, we estimate that for each 1-year difference in age,
older participants with dementia have, on average, 0.206
minutes longer (95% CI 0.014 minutes shorter to 0.427 min-
utes longer) resting bout lengths and older participants with-
out dementia have, on average, 0.142 minutes longer (95%
CI 0.006–0.277 minutes longer) resting bout lengths.
These point estimates, 95%CIs, and corresponding p-values
for testing whether these age slopes differ from 0 (as well as
the point estimates and 95%CIs for the interaction terms) are
displayed in Table 3. We did not have sufficient evidence of
differences in the age slopes for those with dementia versus
those without dementia. Participants without dementia
exhibited 0.325 million more (95% CI 0.162–0.487 million
more, p < 0.001) activity counts, and a 0.631 minutes longer
(95% CI 0.311–0.952 minutes longer, p < 0.001) active bout
length than individuals with dementia at the mean sample
age of 79 (Figure 3(a) and (b)). Participantswithout dementia
also exhibited a 2.196 minutes shorter (95% CI 4.996 min-
utes shorter to 0.605 minutes longer, p = 0.121) resting
bout length than individuals with dementia at the mean sam-
ple age of 79, though this finding was not statistically signifi-
cant (Figure 3(c)).

The difference column was obtained from the interaction
termof eachmodelwhere the dementia groupwas the reference.

In our TEDD models (adjusted for dementia subtype,
age, and an interaction term between the two), we estimate
that for each 1-year difference in age, participants with DLB
have, on average, 0.004 million fewer (95% CI 0.047 mil-
lion fewer to 0.038 million more) activity counts and parti-
cipants with AD have, on average, 0.006 million fewer
(95% CI 0.097 million fewer to 0.084 million more) activity
counts. We also estimate that for each 1-year difference in
age, participants with DLB have, on average, 0.014 minutes
longer (95% CI 0.166 minutes shorter to 0.193 minutes
longer) active bout lengths and participants with AD
have, on average, 0.074 minutes shorter (95% CI 0.459
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minutes shorter to 0.311 minutes longer) active bout
lengths. Finally, we estimate that for each 1-year difference
in age, participants with DLB have, on average, 0.263 min-
utes longer (95% CI 0.356 minutes shorter to 0.881 minutes
longer) resting bout lengths and participants with AD have,
on average, 0.195 minutes shorter (95% CI 1.521 minutes
shorter to 1.132 minutes longer) resting bout lengths.
These point estimates, 95% CIs, and corresponding
p-values for testing whether these age slopes differ from 0
(as well as the point estimates and 95% CIs for the inter-
action terms) are displayed in Table 4. We did not have

sufficient evidence of differences in the age slopes for those
with DLB versus those with AD.

Participants with DLB exhibited 0.27 million fewer
(95% CI 0.93 million fewer to 0.38 million more, p =
0.791) activity counts, a 1.368 minutes shorter (95% CI
4.152 minutes shorter to 1.415 minutes longer, p = 0.315)
active bout length, and a 6.241 minutes longer (95% CI
3.346 minutes shorter to 15.83 minutes longer, p = 0.188)
resting bout length than individuals with AD at the mean
sample age of 74, though none of these differences were
statistically significant (Figure 4(a) to (c)).

Table 1. Unweighted demographic summary of NHATS participants with and without dementia.

Variable Dementia (n = 94) No dementia (n = 613) Overall (n = 707)

Age

Mean (SD) 82 (6) 79 (6) 79 (6)

Median (min, max) 81 (72, 100) 77 (71, 100) 78 (71, 100)

Sex

Male 38 (40%) 288 (47%) 326 (46%)

Race

White 62 (66%) 518 (85%) 580 (82%)

Education

College degree 22 (23%) 226 (37%) 248 (35%)

Less than college 72 (77%) 387 (63%) 459 (65%)

Residence

Community 84 (89%) 583 (95%) 667 (94%)

Care facility 10 (11%) 30 (5%) 40 (6%)

Marital status

Married 31 (33%) 304 (50%) 335 (47%)

Not married 63 (67%) 309 (50%) 372 (53%)

BMI

Mean (SD) 28 (12) 28 (6) 28 (7)

Median (min, max) 26 (15, 125) 27 (18, 60) 27 (15, 125)

Total comorbidities

Mean (SD) 3.4 (1.4) 2.7 (1.3) 2.8 (1.4)

Median (min, max) 3 (0, 7) 3 (0, 7) 3 (0, 7)

Brown et al. 5



As noted in the Methods section, differences in data col-
lection and processing prevented us from directly compar-
ing the NHATS and TEDD participants on daily activity,
active bout length, and resting bout length.

Discussion
Our analysis of age, dementia, and PA is unique in that we
were able to compare objectively measured accelerometry
measures in a large, nationally representative sample of
older individuals in the United States with and without
prevalent dementia. Although others have used NHATS
accelerometry data to investigate sedentary behavior or
fragmented PA,42,43 this is the first study to use the
NHATS dataset to compare activity and sedentary behavior
in individuals with and without dementia.

The study closest to ours in design was that of Lu et al.,44

who investigated how patterns of PA and sedentary behav-
ior differed across AD, mild cognitive impairment, and nor-
mal cognition in cohort samples from Hong Kong that were
comparable in size to NHATS. Like us, these authors found
that individuals with dementia exhibited significantly lower
activity counts than individuals without dementia; they also
found that active and resting bouts differed between groups,
which parallels our finding of shorter active bout lengths
and longer resting bout lengths for individuals with demen-
tia. These findings are consistent with most (but not all45) of
the findings from other, smaller studies of those with and
without dementia,26,46–48 as well as studies of incident
dementia.22–24 But whereas Lu et al. were more concerned
with sedentary behavior and characterizing the daily PA

patterns of participants (i.e., the time of day when indivi-
duals first became active and when their activity peaked),
we focused more on how age is associated with dementia
status and PA.

That is, given that both age and dementia status likely
contribute to differences in activity, we were particularly
interested in evaluating how age is associated with the rela-
tionship between our accelerometry measures and dementia
status. We found evidence of a negative association
between age and both daily activity counts and active
bout length for participants without dementia and evidence
of a negative association between age and daily activity
counts for participants with dementia. This indicates, as
one might expect, that older NHATS participants were
less active than younger NHATS participants. Although
there was a suggestive association between age and both
active bout length and resting bout length for the NHATS
dementia group, these findings were not statistically signifi-
cant. We believe that this is due in part to the smaller sample
size of the dementia group (n = 94) and to potential selec-
tion bias caused by older adults with dementia dropping out
from the study. Future studies with a larger dementia sam-
ple adjusted for selection bias may be necessary to better
understand these associations.

We also found that these negative associations between
age, daily activity counts, and active bout length were
slightly smaller in magnitude for NHATS participants
with dementia than NHATS participants without dementia
(see Figure 3(a) and (b), Table 3), though this was not stat-
istically significant. The data from NHATS participants
without dementia may suggest a normal age-related decline
in total activity and active bout length, whereas the data
from NHATS participants with dementia may suggest that
activity levels and active bout length might decline precipi-
tously sometime prior to the diagnosis of dementia and then
remain consistently lower at all ages following dementia
onset. To the best of our knowledge, no studies have used
accelerometry data to delineate this particular activity pat-
tern in individuals with dementia, and longitudinal studies
are thus needed in healthy individuals and individuals
with mild cognitive impairment to observe activity differ-
ences during the early disease processes.

We did not observe a similar pattern for resting bout
length, as NHATS participants with and without dementia
exhibited similar age-related associations for resting bout
length (see Figure 3(c), Table 3). Our findings suggest
that the association between age and resting bout length
may be more prominent than the association between
dementia status and resting bout length. Although some
accelerometry studies have identified sedentary activity as
an outcome associated with prevalent dementia26 or inci-
dent dementia,23 other studies have had less convincing
results. For example, investigators found no association
between sedentary behaviors as measured by accelerometry
and incident dementia in a sample of older women,49 or in a

Table 2. Demographic and cognitive summary of TEDD
participants with AD and DLB.

Variable
DLB
(n = 12)

AD
(n = 10)

Overall
(n = 22)

Age

Mean (SD) 70 (8) 78 (4) 74 (7)

Median (min, max) 73 (55, 80) 79 (71, 85) 75 (55, 85)

Sex

Male 11 (92%) 9 (90%) 20 (91%)

Race

White 12 (100%) 10 (100%) 22 (100%)

MoCA score

Mean (SD) 18 (5) 17 (4) 17 (5)

Median (min, max) 18 (8, 25) 15 (12, 23) 18 (8, 25)
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study of self-reported leisure time, investigators found that
spending more sedentary time watching television was
associated with an increased risk of incident dementia, but

spending more sedentary time on the computer was asso-
ciated with a decreased risk of incident dementia.50 The lat-
ter study suggests an important caveat: accelerometry data

Figure 1. Unweighted boxplots of daily activity counts, active bout length, and resting bout length for NHATS participants with and
without dementia.

Figure 2. Scatterplots with bars indicating the mean daily activity counts, active bout length, and resting bout length for TEDD
participants with DLB and AD.
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cannot account for activities during rest time, like working
on a computer or reading, that may have neutral or positive
effects on cognition. Additional studies are needed to better
understand how sedentary behaviors are related to dementia
and how accelerometry may or may not be able to account
for those relationships.

In addition to clarifying the role between dementia status,
age, and accelerometry metrics, we also sought to identify spe-
cific differences between a small sample of TEDD participants
with DLB and with AD in an exploratory analysis. Given that
motor disturbances are more common in DLB than in AD,27

we hypothesized that individuals with DLB would exhibit

Figure 3. Predicted values of daily activity counts, active bout length, and resting bout length for NHATS participants with and
without dementia by age. Vertical lines denote the mean age of the sample, 79. There are n = 18 and n = 38 participants aged 90 and
older with and without dementia, respectively.

Table 3. Estimates of differences in mean daily activity counts, active bout length, and resting bout length corresponding to a 1-year
difference in age for NHATS participants with and without dementia.

Outcome
Overall Dementia No dementia Difference

Age β (95% CI) p-value Age β (95% CI) p-value Age β (95% CI) p-value
Interaction β
(95% CI) p-value

Daily activity
(counts)

−0.025
(−0.032,
−0.018)

<0.001 −0.022
(−0.037,
−0.006)

0.008 −0.026
(−0.034,
−0.018)

<0.001 −0.004 (−0.023,
0.014)

0.657

Active bout
length
(minutes)

−0.035
(−0.049,
−0.020)

<0.001 −0.022
(−0.053,
0.010)

0.178 −0.037
(−0.054,
−0.020)

<0.001 −0.015 (−0.053,
0.023)

0.446

Resting bout
length
(minutes)

0.153 (0.036,
0.269)

0.014 0.206 (−0.014,
0.427)

0.074 0.142 (0.006,
0.277)

0.047 −0.065 (−0.329,
0.200)

0.634

Note.Models were adjusted for age, dementia group, sex, race, residence type, marital status, education, BMI, total comorbidities, and an interaction term
between age and dementia group.
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fewer total activity counts, shorter active bout lengths, and
longer resting bout lengths than individuals with AD. The
mean values for these three outcomes in our TEDD cohort
were consistent with this hypothesis, but we found no statistic-
ally significant differences between the two groups. This sug-
gests that studies with larger sample sizes, in which age can
be better matched between the groups, may be able to establish
more meaningful findings. We also observed no statistically

significant differences in how the association between each
outcome and age differed between the two groups (Table 4
and Figure 4).

To the best of our knowledge, McArdle et al.46 conducted
the only other study to examine differences in accelerometer-
derived outcomes across individuals with DLB (n = 30) and
AD (n= 36). They found no statistically significant differences
in the activity volume or patterns across groups while also

Table 4. Estimates of differences in mean daily activity counts, active bout length, and resting bout length corresponding to a 1-year
difference in age for TEDD participants with DLB and AD.

Outcome
Overall DLB AD Difference

Age β (95% CI) p-value Age β (95% CI) p-value Age β (95% CI) p-value
Interaction β
(95% CI) p-value

Daily activity
(counts)

−0.005
(−0.042,
0.032)

0.802 −0.004
(−0.047,
0.038)

0.837 −0.006
(−0.097,
0.084)

0.891 −0.002 (−0.102,
0.098)

0.970

Active bout length
(minutes)

−0.002
(−0.161,
0.157)

0.980 0.014 (−0.166,
0.193)

0.883 −0.074
(−0.459,
0.311)

0.710 −0.088 (−0.513,
0.337)

0.690

Resting bout
length
(minutes)

0.181 (−0.370,
0.732)

0.528 0.263 (−0.356,
0.881)

0.416 −0.195
(−1.521,
1.132)

0.777 −0.457 (−1.921,
1.006)

0.548

Note. Models were adjusted for age, dementia subtype, and an interaction term between age and dementia subtype. The difference column was obtained
from the interaction term of each model where the DLB group was the reference.

Figure 4. Predicted values of daily activity counts, active bout length, and resting bout length for TEDD participants with DLB and AD
by age. Vertical lines denote the mean age of the sample, 74.
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observing a similar pattern such that the daily average values
for minutes spent walking, step counts, and the number of
active bouts were less in individuals with DLB than in indivi-
duals with AD. This serves as further evidence of a potential
difference in activity levels across dementia subtypes while
also highlighting the fact that existing studies lack sufficient
power to detect clinically meaningful differences.

Perhaps the most striking difference in the accelerometry
measures between our participants with DLB and AD, then,
was that participants with DLB exhibited much greater vari-
ability in each outcome than participants with AD. For the
DLB group, the standard deviation of daily activity counts
was approximately 3 times greater than that of the AD
group, and likewise, the standard deviation of resting bout
length was almost 4 times greater for the DLB group than
that of the AD group (Figure 2). Future accelerometry
research that focuses specifically on individuals with DLB
should investigate whether this variability is the result of
randomness or something inherent to DLB.

An important limitation of this study is that differences in
accelerometers, sampling rates, and processing prevented us
from directly comparing the performance of NHATS and
TEDD participants with dementia. Likewise, because the
NHATS does not require participants to complete a robust
diagnostic process that might identify dementia subtypes, it
is also not possible to characterize differences between DLB
and AD using this sample. This meant that to understand
potential differences between dementia subtypes, we had to
rely on the much smaller TEDD sample. There, a limitation
is the sample size and age range. Given that the DLB group
was on average younger than the AD group and that age
has an established association with activity-based outcomes,
future studies should concentrate on having participants
with DLB and AD who are better matched on age.
Additionally, the number of NHATS participants with demen-
tia was limited at the lower and upper ends of the age range
assessed in this analysis (n = 15 with dementia and ≤75 years
old, n = 18 with dementia and ≥90 years old), and the results
related to the association between age and PA are less robust
at these extremes, as suggested by the CIs in Figure 3(a) to (c).
A likely reason for the smaller sample size of the dementia
group at older ages is study dropout, which may induce selec-
tion bias. Future analyses should adjust for this bias. Lastly,
both the NHATS and TEDD accelerometer data were col-
lected during the COVID-19 pandemic, and we do not have
a full understanding of how that context may have affected
activity levels and sedentary behavior.

Conclusions
We used a large, survey-based sample of individuals with
and without dementia to identify significant differences in
daily activity and active bout length, as well as a suggestive
difference in resting bout length. These findings contribute
to our current understanding of the association between PA

and dementia and demonstrate the utility of accelerometers
in deepening this understanding. A potential future use for
accelerometers may be to aid in the identification and detec-
tion of dementia. The use of daily activity and active bout
length measures may be especially useful in this regard,
given that the association between these outcomes and
dementia status was prominent, notably at the sample’s
younger ages. We also extended these analyses to a smaller,
exploratory sample of dementia subtypes, and although we
did not have a sufficient sample size to identify statistically
significant differences between individuals with DLB and
AD, our findings help characterize PA among people with
these diseases and may contribute to future efforts to utilize
accelerometers in differentiating between them.

Acknowledgments
We thank all of the research participants who volunteered their
time to make this work possible.

ORCID iDs
Karl Brown https://orcid.org/0000-0001-8132-1196
Andrew Shutes-David https://orcid.org/0000-0003-2478-4391

Statements and declarations

Ethical considerations
All participants were enrolled in a protocol that was approved by
the VA Puget Sound Health Care System institutional review
board (IRB00007064) on 16 September 2019.

Consent to participate
All participants provided written informed consent prior to enrol-
ling in the study.

Consent for publication
Not applicable.

Author contributions/CRediT
Conceptualization: ASD and DWT; data curation: AJ, KB, and SP;
formal analysis: KB and KW; funding acquisition: ASD and
DWT; investigation: AJ and SP; methodology: DWT, ES, KB,
and KW; project administration: AJ, DWT, and SP; supervision:
DWT and KW; writing—original draft: ASD and KB; writing—
review and editing: AJ, ASD, DWT, ES, KB, KW, and SP.

Funding
The authors disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: Thework
was supported by the National Institute on Aging (R21/R33
AG064271) and supported in part by the U.S. Department of
Veterans Affairs Office of Research and Development. NHATS
was supported by theNational Institute onAging (U01AG032947).

Conflicting interests
The authors declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

10 DIGITAL HEALTH

https://orcid.org/0000-0001-8132-1196
https://orcid.org/0000-0003-2478-4391
https://orcid.org/0000-0003-2478-4391


References
1. Barnes DE and Yaffe K. The projected effect of risk factor

reduction on Alzheimer’s disease prevalence. Lancet
Neurol 2011; 10: 819–828.

2. Livingston G, Huntley J, Liu KY, et al. Dementia prevention,
intervention, and care: 2024 report of the Lancet Standing
Commission. Lancet 2024; 404: 572–628.

3. Livingston G, Huntley J, Sommerlad A, et al. Dementia pre-
vention, intervention, and care: 2020 report of the Lancet
Commission. Lancet 2020; 396: 413–446.

4. Chen C and Nakagawa S. Physical activity for cognitive
health promotion: an overview of the underlying neurobio-
logical mechanisms. Ageing Res Rev 2023; 86: 101868.

5. Dupre C, Bongue B, Helmer C, et al. Physical activity types
and risk of dementia in community-dwelling older people:
the Three-City cohort. BMC Geriatr 2020; 20: 132.

6. Najar J, Ostling S, Gudmundsson P, et al. Cognitive and
physical activity and dementia: a 44-year longitudinal popu-
lation study of women. Neurology 2019; 92: e1322–e1330.

7. Soni M, Orrell M, Bandelow S, et al. Physical activity pre-
and post-dementia: English longitudinal study of ageing.
Aging Ment Health 2019; 23: 15–21.

8. Prince SA, Adamo KB, Hamel ME, et al. A comparison of
direct versus self-report measures for assessing physical
activity in adults: a systematic review. Int J Behav Nutr
Phys Act 2008; 5: 56.

9. Cabanel N, Speier C, Muller MJ, et al. Actigraphic, but not
subjective, sleep measures are associated with cognitive
impairment in memory clinic patients. Psychogeriatrics
2020; 20: 133–139.

10. Steene-Johannessen J, Anderssen SA, van der Ploeg HP, et al.
Are self-reportmeasures able to define individuals as physically
active or inactive?Med Sci Sports Exerc 2016; 48: 235–244.

11. Verdelho A, Correia M, Ferro JM, et al. Physical activity self-
report is not reliable among subjects with mild vascular cog-
nitive impairment: the AFIVASC study. J Alzheimers Dis
2022; 87: 405–414.

12. Petermann-Rocha F, Lyall DM, Gray SR, et al.
Dose-response association between device-measured phys-
ical activity and incident dementia: a prospective study
from UK biobank. BMC Med 2021; 19: 305.

13. Taylor ME, Brodie MA, van Schooten KS, et al. Older people
with dementia have reduced daily-life activity and impaired
daily-life gait when compared to age-sex matched controls.
J Alzheimers Dis 2019; 71: S125–S135.

14. Zhu W, Wadley VG, Howard VJ, et al. Objectively measured
physical activity and cognitive function in older adults. Med
Sci Sports Exerc 2017; 49: 47–53.

15. Ahmed RM, Landin-Romero R, Collet TH, et al. Energy
expenditure in frontotemporal dementia: a behavioural and
imaging study. Brain 2017; 140: 171–183.

16. Gibson RH and Gander PH. Monitoring the sleep patterns of
people with dementia and their family carers in the commu-
nity. Australas J Ageing 2019; 38: 47–51.

17. Buchman AS, Wilson RS and Bennett DA. Total daily activ-
ity is associated with cognition in older persons. Am J Geriatr
Psychiatry 2008; 16: 697–701.

18. Chen S, Chen T, Honda T, et al. Associations of
objectively-measured sedentary time and patterns with cog-
nitive function in non-demented Japanese older adults: a
cross-sectional study. Int J Environ Res Public Health
2022; 19: 1999.

19. Farina N, Tabet N and Rusted J. Habitual physical activity
(HPA) as a factor in sustained executive function in
Alzheimer-type dementia: a cohort study. Arch Gerontol
Geriatr 2014; 59: 91–97.

20. Luik AI, Zuurbier LA, Hofman A, et al. Associations of the
24-h activity rhythm and sleep with cognition: a population-
based study of middle-aged and elderly persons. Sleep Med
2015; 16: 850–855.

21. Spartano NL, Demissie S, Himali JJ, et al.
Accelerometer-determined physical activity and cognitive
function in middle-aged and older adults from two genera-
tions of the Framingham Heart Study. Alzheimers Dement
(N Y) 2019; 5: 618–626.

22. Buchman AS, Boyle PA, Yu L, et al. Total daily physical
activity and the risk of AD and cognitive decline in older
adults. Neurology 2012; 78: 1323–1329.

23. Raichlen DA, Aslan DH, Sayre MK, et al. Sedentary behav-
ior and incident dementia among older adults. JAMA 2023;
330: 934–940.

24. Del Pozo Cruz B, Ahmadi M, Naismith SL, et al. Association
of daily step count and intensity with incident dementia in
78 430 adults living in the UK. JAMA Neurol 2022;
79: 1059–1063.

25. Hatfield CF, Herbert J, van Someren EJ, et al. Disrupted daily
activity/rest cycles in relation to daily cortisol rhythms of
home-dwelling patients with early Alzheimer’s dementia.
Brain 2004; 127: 1061–1074.

26. Hartman YAW, Karssemeijer EGA, van Diepen LAM, et al.
Dementia patients are more sedentary and less
physically active than age- and sex-matched cognitively
healthy older adults. Dement Geriatr Cogn Disord 2018;
46: 81–89.

27. Yamada M, Komatsu J, Nakamura K, et al. Diagnostic cri-
teria for dementia with Lewy bodies: updates and future
directions. J Mov Disord 2020; 13: 1–10.

28. Morra LF and Donovick PJ. Clinical presentation and differ-
ential diagnosis of dementia with Lewy bodies: a review. Int
J Geriatr Psychiatry 2014; 29: 569–576.

29. Vann Jones SA and O’Brien JT. The prevalence and inci-
dence of dementia with Lewy bodies: a systematic review
of population and clinical studies. Psychol Med 2014; 44:
673–683.

30. Freedman VA, Schrack JA, Skehan ME, et al. National
Health and Aging Trends Study (NHATS) user guide:
Rounds 1-11 final release. Baltimore, MD: Johns Hopkins
University School of Public Health, 2022.

Brown et al. 11



31. Freedman VA and Kasper JD. Cohort profile: the National
Health and Aging Trends Study (NHATS). Int J Epidemiol
2019; 48: 1044–1045g.

32. Galvin JE, Roe CM, Powlishta KK, et al. The AD8: a brief
informant interview to detect dementia. Neurology 2005;
65: 559–564.

33. Galvin JE, Roe CM, Xiong C, et al. Validity and reliability of
the AD8 informant interview in dementia. Neurology 2006;
67: 1942–1948.

34. Kasper JD, Freedman VA and Spillman B. Classification of
persons by dementia status in the National Health and
Aging Trends Study. Technical Paper No. 5. Baltimore, MD:
Johns Hopkins University School of Public Health, 2013.

35. Schrack JA, Skehan ME and Freedman VA. National Health
and Aging Trends Study (NHATS) accelerometry user guide:
Rounds 11-12 final release. Baltimore, MD: Johns Hopkins
University Bloomberg School of Public Health, 2023.

36. McKeith IG, Boeve BF, Dickson DW, et al. Diagnosis and
management of dementia with Lewy bodies: fourth consensus
report of the DLB Consortium. Neurology 2017; 89: 88–100.

37. McKhann GM, Knopman DS, Chertkow H, et al. The diag-
nosis of dementia due to Alzheimer’s disease: recommenda-
tions from the National Institute on Aging-Alzheimer’s
Association workgroups on diagnostic guidelines for
Alzheimer’s disease. Alzheimers Dement 2011; 7: 263–269.

38. Fairclough SJ, Noonan R, Rowlands AV, et al. Wear compli-
ance and activity in children wearing wrist- and hip-mounted
accelerometers. Med Sci Sports Exerc 2016; 48: 245–253.

39. Hesketh KR, Evenson KR, Stroo M, et al. Physical activity
and sedentary behavior during pregnancy and postpartum,
measured using hip and wrist-worn accelerometers. Prev
Med Rep 2018; 10: 337–345.

40. Kwan RYC, Liu JYW, Lee D, et al. A validation study of the
use of smartphones and wrist-worn ActiGraphs to measure
physical activity at different levels of intensity and step rates
in older people. Gait Posture 2020; 82: 306–312.

41. Koster A, Shiroma EJ, Caserotti P, et al. Comparison of sed-
entary estimates between activPAL and hip- and wrist-worn
ActiGraph. Med Sci Sports Exerc 2016; 48: 1514–1522.

42. Popelsky BK, Gabriel KP, Dooley EE, et al. Physical activity
fragmentation and falls in older adults: findings from the
National Health and Aging Trends Study. J Gerontol A Biol
Sci Med Sci 2024; 79: glae129.

43. Son JY, Zhou W, Webster-Dekker KE, et al. Association
between accelerometry measured patterns of sedentary beha-
viors and functional status in older adults. Aging Clin Exp Res
2024; 36: 11.

44. Lu Z, Harris TB, Shiroma EJ, et al. Patterns of physical activ-
ity and sedentary behavior for older adults with Alzheimer’s
disease, mild cognitive impairment, and cognitively normal
in Hong Kong. J Alzheimers Dis 2018; 66: 1453–1462.

45. Wanigatunga AA, Liu F, Wang H, et al. Daily physical activ-
ity patterns as a window on cognitive diagnosis in the
Baltimore Longitudinal Study of Aging (BLSA). J
Alzheimers Dis 2022; 88: 459–469.

46. McArdle R, Del Din S, Donaghy P, et al. Factors that influ-
ence habitual activity in mild cognitive impairment and
dementia. Gerontology 2020; 66: 197–208.

47. van Alphen HJ, Volkers KM, Blankevoort CG, et al. Older
adults with dementia are sedentary for most of the day.
PLoS One 2016; 11: e0152457.

48. Hesseberg K, Bentzen H, Ranhoff AH, et al. Physical fitness
in older people with mild cognitive impairment and dementia.
J Aging Phys Act 2016; 24: 92–100.

49. Nguyen S, LaCroix AZ, Hayden KM, et al. Accelerometer-
measured physical activity and sitting with incident mild cog-
nitive impairment or probable dementia among older women.
Alzheimers Dement 2023; 19: 3041–3054.

50. Raichlen DA, Klimentidis YC, Sayre MK, et al. Leisure-time
sedentary behaviors are differentially associated with all-
cause dementia regardless of engagement in physical activity.
Proc Natl Acad Sci U S A 2022; 119: e2206931119.

12 DIGITAL HEALTH


	 Introduction
	 Methods
	 NHATS study population
	 TEDD study population
	 Generation of activity outcomes
	 Statistical analyses

	 Results
	 Discussion
	 Conclusions
	 Acknowledgments
	 Statements and declarations
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


