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Abstract
Background: Physical activity has emerged as a modifiable behavioral factor to improve cognitive function. However,
research on adherence to remote monitoring of physical activity in older adults is limited.
Objective: This study aimed to assess adherence to remote monitoring of physical activity in older adults within a pilot cohort
from objective user data, providing insights for the scalability of such monitoring approaches in larger, more comprehensive
future studies.
Methods: This study included 22 participants from the Boston University Alzheimer’s Disease Research Center Clinical Core.
These participants opted into wearing the Verisense watch as part of their everyday routine during 14-day intervals every
3 months. Eighteen continuous physical activity measures were assessed. Adherence was quantified daily and cumulatively
across the follow-up period. The coefficient of variation was used as a key metric to assess data consistency across participants
over multiple days. Day-to-day variability was estimated by calculating intraclass correlation coefficients using a 2-way
random-effects model for the baseline, second, and third days.
Results: Adherence to the study on a daily basis outperformed cumulative adherence levels. The median proportion of
adherence days (wearing time surpassed 90% of the day) stood at 92.1%, with an IQR spanning from 86.9% to 98.4%.
However, at the cumulative level, 32% (7/22) of participants in this study exhibited lower adherence, with the device worn on
fewer than 4 days within the requested initial 14-day period. Five physical activity measures have high variability for some
participants. Consistent activity data for 4 physical activity measures might be attainable with just a 3-day period of device use.
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Conclusions: This study revealed that while older adults generally showed high daily adherence to the wearable device,
consistent usage across consecutive days proved difficult. These findings underline the effectiveness of wearables in monitor-
ing physical activity in older populations and emphasize the ongoing necessity to simplify usage protocols and enhance user
engagement to guarantee the collection of precise and comprehensive data.
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Introduction
The global demographic shift toward an aging population
has become a pressing concern, with an increasing number
of individuals being affected by cognitive disorders [1].
However, the limited number of effective treatments for
cognitive diseases such as Alzheimer disease and other forms
of dementia underscores the importance of early detection
and monitoring of cognitive decline [2]. Early detection
not only facilitates timely intervention but also allows for
the management and possibly slowing of the progression
of cognitive decline. Therefore, identifying modifiable risk
factors plays a critical role in cognitive intervention strat-
egies [3]. Among these, physical activity has emerged as
a significant factor closely linked to health across many
domains, including cardiovascular health [4] and cognitive
functioning [5]. It has been recognized as one of the 12
modifiable risk factors for dementia [6]. A growing body of
research indicates that regular physical activity can mitigate
the risk of cognitive decline and improve brain function
among older adults [7,8]. Moreover, meta-analyses have
shown an association between increased physical activity and
a reduced risk of dementia [9-11]. Such findings highlight
the potential of evaluating and monitoring physical activity
levels in older adults to improve detection and intervention
of cognitive decline. By accurately capturing participants’
physical activity, actionable insights can be provided to
inform lifestyle recommendations. This approach supports
cognitive well-being and may help delay the onset of
cognitive diseases.

Traditional in-clinic assessments of physical activity,
however, are limited by their episodic nature, failing to
consistently track an individual’s activity patterns over time.
Additionally, these assessments are susceptible to modifica-
tions in gait when individuals are aware they are being
observed, a phenomenon known as the Hawthorne effect
[12,13]. In contrast, remote monitoring technologies offer
a promising solution by enabling continuous and unobtru-
sive tracking of physical activity outside of clinical settings.
This approach provides a more comprehensive picture of
an individual’s physical activity patterns. This information
is crucial for developing personalized interventions that are
tailored specifically to the activity habits and needs of each
participant. By identifying periods of inactivity or subop-
timal activity levels, interventions can be more precisely
targeted, thereby facilitating the effective implementation of
strategies that are likely to be more engaging and benefi-
cial for the individual. Therefore, our team has developed
a pilot study using a participant-driven digital brain health
platform [14], which incorporates wearable devices to collect

physical activity data from participants. This initiative aims
to facilitate comprehensive digital phenotyping of cognitive
functions in the future.

However, monitoring physical activity continuously
among older adults presents unique challenges, particularly
concerning adherence issues [15]. Older adults may face
physical, cognitive, or technological barriers that affect
their consistent use of activity tracking devices [16]. These
complexities require tailored approaches to ensure effective
and sustained engagement in physical activity monitoring
within this demographic. While some studies have focused
on daily [17] and long-term [18] adherence to wearable
devices, more studies that assess adherence metrics both daily
and cumulatively throughout an entire study protocol could
offer additional understanding of how older adults engage
with these technologies. Additionally, this approach would be
beneficial in exploring the consistency of the data collected,
offering deeper insights into how consistently participants
engage with the wearables over extended periods.

Therefore, this study aims to evaluate the adherence of
wearable devices in remote monitoring of physical activity
among older adults within a pilot study of digital brain
health platform from the Boston University Alzheimer’s
Disease Research Center (BU ADRC). Our objective is to
evaluate older adults’ adherence at both daily and cumula-
tive levels and the consistency of physical activity tracking
and to explore preliminary strategies for optimizing study
protocols, such as adjusting required wear durations. Our
detailed examination of adherence patterns and device-spe-
cific data reliability aims to offer a unique addition to the
collective understanding of wearable technology apps in
aging populations.

Methods
Study Population
Participants from the Clinical Core of the BU ADRC were
included in this study. The BU ADRC is one of around 33
ADRCs funded by the National Institute on Aging, sharing its
findings with the National Alzheimer’s Coordinating Center
to advance collaborative Alzheimer disease research. The BU
ADRC is located in the urban area of Boston, focusing on
the older adult population within this community. Detailed
information about the ADRC has been documented in a prior
study [19]. In 2021, the BU ADRC introduced a digital brain
health platform incorporating various digital tools for data
collection, such as wearable devices for monitoring physi-
cal activity [14]. The cognitive status of participants was
determined through comprehensive consensus conferences
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involving multiple disciplines [20]. Additional information
about these diagnostic procedures can be found in the
previous study [21].
Verisense Device
Verisense, developed by Shimmer Research Ltd, is a
wrist-worn inertial measurement unit designed for tracking
physical activity. This device integrates a tri-axial accelerom-
eter and gyroscope, weighing 29.6 grams with dimensions
of 35 mm × 43 mm × 12 mm, making it suitable for contin-
uous wear on the wrist. With an IP55 resistance rating, the
Verisense device is designed to be water-resistant and has
protection against environmental contaminants and factors,
safeguarding its functionality. Additionally, the device boasts
a battery life of up to 6 months without the need for recharg-
ing, enhancing its usability for long-term monitoring. The
sampling rate of the accelerometer of the Verisense device is
25 Hz. More description of Verisense can be found in a prior
study [22]. Eighteen physical activity features (Table S1 in
Multimedia Appendix 1), extracted using the GGIR soft-
ware [23], were divided into 2 primary categories. The first
category encompasses durations of various physical activities.
These physical activities are classified by intensity levels
from inactive to vigorous. The second category includes
features related to acceleration, such as total acceleration
during the most active 5 hours.
Study Procedure
Participants were presented with available technologies from
a digital brain health platform that spanned different test
instrument options from smartphone apps to wearable devices
with the level of use commitment for each defined [14].
Depending on participant preference, the presentation of
technologies took place remotely over videoconference or
in person. For in-person study visits, the Verisense device
was configured and given to the participant during the
visit. For remote visits, or quarterly check-ins following an
in-person visit, the device was configured at the study site
and then shipped to participants. Using a participant-centric
study design, participants opted into the technologies of their
choice. They were given a 2-week assessment period to
use their selected technologies and assessment periods were
scheduled at quarterly intervals. Participants who opted into
Verisense were instructed to wear the tracker continuously
over the 14-day period within a quarter. During the 14-day
use period, there was no need to recharge the device, and
thus could seamlessly integrate this monitoring tool into their
routine activities for a comprehensive capture of physical
activity data. Participants returned devices after the 14-day
period. Every 3 months, the device was mailed back to them,
and participants were given a reminder about using their
technologies at the start of their 14-day assessment period,
at the midpoint, and at the end. The physical activity data was
retrieved from the Verisense cloud-based portal. The duration
of this study was from September 2021 to February 2023.
More information about the study procedures can be found in
a previous publication [14].

Statistical Analyses
Adherence metrics were derived from objective user data and
analyzed daily, as well as cumulatively, for the first quarter
of the 14-day follow-up period. First, daily adherence was
evaluated by calculating the proportion of days where the
daily wear rate surpassed predetermined thresholds relative
to the total number of wear days. The thresholds denote the
proportion of the days when participants wore the device.
Given that participants maintain a high daily wear rate, we
established thresholds of 90%, 95%, and 100% to differenti-
ate levels of compliance throughout the day. Then, cumu-
lative adherence was determined by assessing the overall
proportion of days the device was worn (at least 8 hours a
day [24]) during the requested 14-day period.

To assess the consistency of physical activity data across
all participants over the entire study duration, we compu-
ted the within-person coefficient of variation (CV). This
statistical parameter, defined as the ratio of the standard
deviation to the mean of physical activity metrics, offers a
uniform measure of data variability [25]. A lower CV value
indicates greater consistency in the physical activity measure
captured by the wearable devices.

We conducted a preliminary investigation to determine the
potential for acquiring reliable physical activity data from
participants within a shortened wear period. Specifically, we
assessed the stability of physical activity measures through
just 3 days of device use to increase the number of partici-
pants in the study samples. To measure the consistency of
the data collected during these 3 consecutive wear days,
including baseline, second, and third days between persons,
the intraclass correlation coefficient (ICC) complemented by
a 95% CI was calculated by a 2-way random-effects model
[26].
Ethical Considerations
The institutional review board of the Boston University
Medical Campus approved the procedures and protocols
of this study (H 405‐42). All participants provided written
informed consent.

Results
Cohort Description
Our study included 22 participants from the BU ADRC (mean
age 75, SD 7 years; 9/22, 41% women; an average of 16
years of education; Table 1). During the study period, 1
participant was diagnosed with non-amnestic, single-domain
mild cognitive impairment. The distribution of each physical
activity measure across 3 days, including 25th percentile,
median, and 75th percentile values, is provided in Table S1 in
Multimedia Appendix 1.
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Table 1. Baseline demographics of the study participants (N=22).
Variable Values
Age (years), mean (SD) 75 (7)
Gender, n (%)

Women 9 (41)
Men 13 (59)

Years of education, mean (SD) 16 (2)
Race, n (%)

White 20 (91)
Black or African American 2 (9)

Current marital status, n (%)
Married 16 (73)
Divorced 5 (23)
Never married 1 (4)

Level of independence, n (%)
Able to live independently 22 (100)

Living situation, n (%)
Lives alone 3 (14)
Lives with spouse or partner 18 (82)
Lives with relative or friend 1 (4)

Study Adherence
Adherence to the study on a daily basis outperformed
cumulative adherence levels. The median proportion of days
where wear time surpassed 90% of total wear days stood
at 92.1%, with an IQR spanning from 86.9% to 98.4%. As
the threshold for daily wear duration increased, adherence
notably declined. For days achieving 100% wear time, the
median proportion dropped to 86.8%, with an IQR between
83.4% and 95.6% (Table 2).

Table 3 represents participant-level daily adherence to
device usage at different compliance thresholds. It is evident
that 5 participants maintain high adherence rates even as
the thresholds increase, the overall daily adherence rates of
82% (18/22) participants tend to decrease as the threshold for
daily wear time increases. At the 90% threshold, most of the

participants show a high percentage of daily adherence, with
many participants nearing or achieving full daily adherence.
However, as the threshold increased to 95% and 100%,
the number of days meeting the daily adherence criteria
decreased. Table 4 represents participant-level cumulative
adherence with the total number of worn days within the
required initial 14-day period for each participant. There
are varying levels of compliance across participants. Where
59% (13/22) of participants demonstrated high compliance,
wearing the device for 10 or more days within the first
quarter of the 14-day period, 32% (7/22) of participants
exhibited notably lower compliance, with the device worn on
fewer than 4 days. We also presented the daily adherence of
participants to device usage during the initial 14-day period in
Figure S1 in Multimedia Appendix 1.

Table 2. Summary of study adherence statistics at the population level.
Adherence level Median (IQR)
Daily

Proportion of days with a daily wear rate above 90% of total wear days 92.1 (86.9-98.4)
Proportion of days with a daily wear rate above 95% of total wear days 89.6 (83.4-95.6)
Proportion of days with 100% daily wear rate of total wear days 86.8 (79.3-92.4)

Cumulatively
Proportion of wear days during the initial 14-day follow-up period 71.4 (21.4-78.6)

Table 3. Participant adherence to the wearable device usage at varying daily compliance thresholds.
Participant ID Total wear days, n Adherence days, n

Threshold: 90% daily wear rate Threshold: 95% daily wear rate Threshold: 100% daily wear rate
1 25 24 24 24
2 12 12 10 10
3 46 46 45 44
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Participant ID Total wear days, n Adherence days, n

Threshold: 90% daily wear rate Threshold: 95% daily wear rate Threshold: 100% daily wear rate
4 43 36 36 34
5 66 65 64 61
6 34 31 30 29
7 56 48 47 42
8 28 22 22 22
9 72 66 64 64
10 52 51 49 45

11 21 19 16 14
12 13 9 9 8
13 16 16 16 15
14 15 12 12 12
15 31 28 28 27
16 13 12 12 12
17 38 35 35 34
18 15 14 14 14
19 12 12 12 10
20 33 33 33 32
21 25 23 22 22
22 18 15 14 14

Table 4. Participant adherence to the device usage at the cumulative level.
Participant ID Days worn within the initial 14-day period, n
1 8
2 11
3 11
4 11
5 10
6 1
7 10
8 3
9 11
10 3

11 5
12 1
13 1
14 12
15 10
16 1
17 10
18 12
19 12
20 11
21 12
22 3

Data Consistency
Figure 1 displays the CV for different physical activity
measures across participants. The vertical axis represents
individual participants, with each row corresponding to

1 participant and their respective variability in physical
activity measures. As shown by the heatmap, 4 physical
activity measures—total vigorous activity during the day,
light activity that occurred in bouts of 10 minutes or greater,
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moderate to vigorous activity that occurred in bouts of 1‐10
minutes, and moderate to vigorous activity that occurred
in bouts of 10 minutes or greater—showed high variability
(CV>1) for some participants, as evidenced by the darker
shades in the respective columns. Conversely, other measures
such as total inactivity time during the day displayed lower
variability across participants, suggesting more consistency in
those activity types.

Given that 32% (7/22) of participants wore the device
for less than 4 days out of the initial required 14-day wear

period, we conducted a preliminary investigation to determine
if reliable data for specific physical activity measures could
be obtained with just 3 days of wear. As shown in Table
5, four physical activity measures—total moderate activity
during the day, total moderate to vigorous activity during the
day, light activity that occurred in bouts of 1‐10 minutes,
and daytime inactivity that occurred in bouts of 30 minutes
or greater—demonstrated a moderate consistency with ICC
greater than 0.5 over 3 wear days.

Figure 1. Variability of physical activity measures across participants. The vertical axis represents individual participants, with each row correspond-
ing to 1 participant and their respective variability in physical activity measures. The coefficient of variation values are color coded, with darker
shades indicating higher variability and lighter shades indicating lower variability.

Table 5. Intraclass correlation coefficients of each physical activity measure for 2 different combinations of 3 wear days.
Physical activity measure Baseline to day 2 Days 2 to 3

Values P value Values P value
Inactivity (minutes), ICCa (95% CI)

Total inactivity time during the day (excluding sleep) 0.44 (0.05 to 0.72) .02 0.47 (0.09 to 0.74) .008
Total unbouted inactivity during the day −0.07 (-0.49 to 0.37) .62 0.32 (−0.08 to 0.64) .06
Daytime inactivity that occurred in bouts of 30 minutes or greater 0.58b (0.21 to 0.80) .002 0.53 (0.17 to 0.77) .003
Daytime inactivity that occurred in bouts of 10‐30 minutes 0.28 (−0.09 to 0.60) .07 0.35 (−0.07 to 0.67) .05
Daytime inactivity that occurred in bouts of 1‐10 minutes −0.17 (−0.55 to 0.27) .77 0.06 (−0.37 to 0.46) .40

Light (minutes), ICC (95% CI)
Total light activity during the day 0.29 (−0.15 to 0.63) .10 0.68 (0.37 to 0.85) <.001
Total unbouted light activity during the day 0.29 (−0.15 to 0.64) .09 0.54 (0.17 to 0.78) .003
Light activity that occurred in bouts of 10 minutes or greater −0.03 (−0.43 to 0.39) .55 0.61 (0.27 to 0.82) <.001
Light activity that occurred in bouts of 1‐10 minutes 0.56 (0.18 to 0.79) .003 0.67 (0.37 to 0.85) <.001
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Physical activity measure Baseline to day 2 Days 2 to 3

Values P value Values P value
Moderate (minutes), ICC (95% CI)

Total moderate activity during the day 0.55 (0.17 to 0.79) .004 0.61 (0.27 to 0.82) <.001
Total unbouted moderate activity during the day 0.49 (0.08 to 0.75) .01 0.75 (0.48 to 0.89) <.001

Vigorous (minutes), ICC (95% CI)
Total vigorous activity during the day 0.37 (−0.69 to 0.68) .047 0.17 (−0.24 to 0.53) .21
Total unbouted vigorous activity during the day 0.84 (0.66 to 0.93) <.001 −0.00 (−0.43 to

0.42)
.51

Moderate to vigorous (minutes), ICC (95% CI)
Total moderate to vigorous activity during the day 0.55 (0.16 to 0.78) .004 0.60 (0.27 to 0.81) <.001
Moderate to vigorous activity that occurred in bouts of 10
minutes or greater

0.64 (0.30 to 0.83) <.001 0.26 (−0.15 to 0.60) .11

Moderate to vigorous activity that occurred in bouts of 1‐10
minutes

0.51 (0.11 to 0.76) .008 0.46 (0.08 to 0.73) .009

Acceleration, mgc (95% CI)
Total acceleration in the least active 5 hours 0.66 (0.34 to 0.84) <.001 0.20 (−0.23 to 0.56) .18
Total acceleration in the most active 5 hours 0.49 (0.08 to 0.75) .01 0.32 (−0.06 to 0.64) .047

aICC: intraclass correlation coefficient.
bItalic values represent ICC greater than 0.5 over 3 wear days.
cmg: milligee.

Discussion
Principal Findings
This study evaluated the adherence and consistency of
remote monitoring physical activity among older adults.
While adhering to a continuous 14-day device wear protocol
posed challenges, the daily adherence levels were high, with
many participants diligently following the usage guidelines.
Furthermore, this study identified ICC values above 0.5 for
certain physical activity measures, indicative of moderate
reliability. While these results may not meet the highest
standards for data stability, they demonstrate the feasibility of
obtaining moderately reliable data with just 3 days of device
wear. This insight supports the potential for shorter monitor-
ing durations in future studies, which could reduce participant
burden while still capturing consistent data.

Physical activity represents a modifiable behavioral factor
with an association with enhanced outcomes across vari-
ous health fields [27-29]. Yet, the deployment of physical
activity interventions in clinical settings is not as preva-
lent as it could be [30]. Moreover, while participants may
be encouraged or advised to increase their physical activ-
ity, healthcare professionals frequently face challenges in
providing long-term follow-up [31]. This is particularly
true for monitoring adherence to activity recommendations
as outlined by the US Preventive Services Task Force
[32]. Wearable technology presents an accessible approach
to narrowing the divide between research and practical
application in using physical activity as a preventive health
strategy [33]. Especially, wrist-worn devices for monitoring
physical activity are increasingly embraced by older adults
[34]. The perspectives of older adults on activity trackers and

their practical applications have been thoroughly documen-
ted, revealing generally high acceptability rates among this
demographic [16]. However, whether older adults can strictly
adhere to study protocols involving wearable devices still
requires further investigation. In this study, participants are
required to return the device after completing a 14-day wear
period. This process assists in recalibrating the device and
checking its functionality. Additionally, research indicated
that the usage rates of wrist-worn devices decline over time
after they are distributed to participants [35]. Therefore,
returning the device acts as a reminder for participants,
encouraging continued adherence to the usage protocol.
While other reminder methods are available, this study opts
for device return as the chosen strategy.

This study examined the adherence at both daily and
cumulative levels. Overall, study adherence daily outper-
formed cumulative adherence levels. The median proportion
of days where wear time surpassed 90% of total wear
days stood at 92.1%, indicating that a substantial proportion
of participants comply well with the device wear require-
ments at the daily level. However, ensuring near-perfect or
perfect daily adherence remains a challenge, as seen in the
decrease in adherence days at the strictest threshold of 100%.
However, at the cumulative level, 32% (7/22) of participants
in this study exhibited notably lower adherence, with the
device worn on fewer than 4 days within the requested initial
14-day period. While 5 participants adhered to the protocol
of recording their activity every 3 months, discrepancies
were observed, with 5 participants having intervals of device
use exceeding the 3-month interval. This variability signals
that while some participants readily integrate the wearable
devices into their daily routines, others face barriers that
hinder consistent use. These barriers emphasize the necessity
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for adaptable and personalized approaches in encouraging
sustained device usage. We also explored the implication
of marital status, level of independence, and living situation
on the study adherence. Three participants lived alone, two
of which demonstrated relatively good adherence. We did
not observe distinct patterns in adherence among participants
with different marital statuses. Acknowledging and address-
ing these individual needs are pivotal in ensuring the efficacy
of wearable technology as a tool for health monitoring in
research settings.

Given that 32% (7/22) of participants wore the device for
less than 4 days out of the requested 14-day wear period, we
conducted a preliminary investigation to determine if some
physical activity measures with moderate reliability (ICC
bigger than 0.5) [36] could be obtained with just 3 days
of wear. This investigation revealed that specific physical
activity measures demonstrating moderate reliability, with
ICC values greater than 0.5, can be reliably captured within
this shorter timeframe. However, the overall reliability of
these measures is not as strong as desired, suggesting that
extended wear durations may still be necessary to ensure
comprehensive data reliability across a broader range of
physical activities. While this exploratory study suggests
that shorter wear durations might reduce participant burden
and enhance data collection efficiency for specific activities,
it also highlights the need for careful result interpretation.
Future research should prioritize enhancing the reliability
of these measures before considering reduced monitoring
durations to ensure that the data collected remains both robust
and reliable. Our study employed the Verisense watch, a
wearable technology that captures a comprehensive array of
physical activity measures, offering a valuable data resource
for further research into cognitive impairment. This pilot
study not only assesses the adherence of older adults to a
long-lasting, waterproof wearable device but also evaluates
the consistency of detailed physical activity measures. As
part of our ongoing digital brain health platform, we aim to
integrate these physical activity insights with other modalities
such as sleep and digital cognitive assessments to enhance
our understanding of cognitive health. With an anticipated

increase in sample size, we plan to provide a more complete
digital phenotyping of cognition that leverages the combined
strengths of various data types.

We recognized a few limitations in our study. First,
the relatively small sample size makes this study serving
primarily to offer preliminary insights at a pilot study level.
Second, there is a potential for selection bias to influence
the findings of this study. Specifically, within the digital
brain health platform, participants are given the freedom to
choose from various technologies according to their comfort
and commitment levels. This choice means that participants
who are more comfortable using the Verisense device might
be more likely to participate in this study. Further research is
also necessary to investigate the reasons behind the instan-
ces when the devices were taken off by participants. Third,
investigating the impact of different wear time thresholds for
defining worn days could be a valuable direction for future
research, particularly in assessing device compliance and
changes in physical activity measures. Fourth, the consistent
inactivity observed in certain participants underscores the
necessity for in-depth investigations into the potential health
implications or obstacles preventing adherence, as well as the
causes of activity variability. Future research should collect
more comprehensive lifestyle and social determinant data to
explain it.
Conclusion
In summary, this study revealed that while older adults
generally showed high daily adherence to the wearable
device, consistent usage across consecutive days proved
difficult. The varied adherence rates highlight the importance
of tailored strategies to improve commitment to the study.
Additionally, our initial analysis suggests that stable data for
specific activities can be achieved with as little as 3 days of
device wear, opening the door to potentially shorter required
wear times in subsequent studies. These findings underline
the effectiveness of wearables in monitoring physical activity
in older populations and emphasize the ongoing necessity
to refine usage protocols and enhance user engagement to
guarantee the collection of precise and comprehensive data.
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