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Abstract

Background: Apathy, depression, and anxiety are prevalent neuropsychiatric symptoms experienced by older adults. Early
detection, prevention, and intervention may improve outcomes.

Objective: We aim to demonstrate the feasibility of deploying web-based weekly questionnaires inquiring about the behavioral
symptoms of older adults with normal cognition, mild cognitive impairment, or early-stage dementia and to demonstrate the
feasibility of deploying an in-home technology platform for measuring participant behaviors and their environment.

Methods: The target population of this study is older adults with normal cognition, mild cognitive impairment, or early-stage
dementia. Thisisan observational, longitudinal study with astudy period of up to 9 months. The severity of participant behavioral
symptoms (apathy, depression, and anxiety) was self-reported weekly through web-based surveys. Participants’ digital biomarkers
were continuously collected at their personal residences and through wearables throughout the duration of the study. The indoor
physical environment at each residence, such as light level, noise level, temperature, humidity, or air quality, was also measured
using indoor environmental sensors. Feasibility was examined, and preliminary correlation analysis between thelevel of symptoms
and the digital biomarkers and between the level of symptoms and the indoor environment was performed.

Results. At 13 months after recruitment began, atotal of 9 participants had enrolled into this study. The participants showed
high adherence rates in completing the weekly questionnaires (response rate: 275/278, 98.9%), and data collection using the
digital technology appeared feasible and acceptable to the participants with few exceptions. Participants’ severity of behavioral
symptoms fluctuated from week to week. Preliminary results show that the duration of sleep onset and noise level are positively
correlated with the anxiety level in a subset of our participants.

Conclusions: This study is a step toward more frequent assessment of older adults' behavioral symptoms and holistic in situ
monitoring of older adults' behaviors and their living environment. The goal of this study is to facilitate the development of
objective digital biomarkers of neuropsychiatric symptoms and to identify in-home environmental factorsthat contribute to these
symptoms.
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Introduction

Neuropsychiatric symptoms (NPSs) are experienced by most
peopleliving with mild cognitiveimpairment (M Cl) and people
living with dementia [1,2]. NPSs include apathy, anxiety,
depression, agitation, wandering, psychosis, and sleep
disturbance [1]. It is estimated that NPSs affect up to 90% of
all people living with dementia over the course of their illness.
Even in the early stages of cognitive impairment, NPSs are
frequent, with estimated rates of 35% to 85% in people living
with MCI [1] and are independently associated with poor
outcomes including distress among patients and caregivers,
long-term hospitalization, misuse of medication, and increased
health care costs [3-5]. For people living with MCI, apathy,
depression, and anxiety arethe most commonly observed NPSs,
each of which have been linked to cognitive and functional
declinein daily activities and disease progression [6].

Currently, amajor challenge in the assessment of NPSs is that
they are assessed subjectively, briefly, and episodically by
people living with MCI, people living with dementia, or caring
partners [7-12]. As subjective data can be prone to bias [13]
and these symptoms may wax and wane in severity, current
methods of self-reports or infrequent queries may misidentify
or missthe emergence or changesin these symptoms over time.
Using digital biomarkers (defined as “objective, quantifiable,
physiological, and behavioral data that are collected and
measured by means of digital devices, such as embedded
environmental sensors, portables, wearables, implantables, or
digestibles’ [14]), one may begin to address these limitations
by providing more continuous and objective measurements of
behaviorsthat are signatures of these NPSsin real-life settings.
Within this context, the overall goal of this study is to develop
objective, largely passive, and ecologically valid digital
biomarkers of the NPSs among older adults, focusing in
particular on prevalent apathy, depression, and anxiety. The
findingsreported in this paper address the feasibility of capturing
digital biomarkersand examining how they relate to the reported
measures of apathy, depression, and anxiety. The development
of these behavioral, digital biomarkers may reduce subjectivity
in the assessment of these symptoms; enable continuous
monitoring of these symptoms; and reduce the survey burden
of peoplelivingwith MCI, peopleliving with dementia, or their
caregivers. As NPSs such as apathy, depression, and anxiety
often precede the diagnosis of MCI or dementia [15-17],
effective and continuous monitoring of such symptoms can
enable the early detection of MCI or dementia, so that timely
treatments may be initiated or maintained. Behavioral digital
biomarkers may also reduce the sample size needed in clinical
trials as shown in previous studies [18,19].

In addition to more objectively and continuously assessing
NPSs, digital technologies may also have an important role in
identifying the precipitants of NPSs. In particular, environmental
conditions (eg, light, noise, and temperature) may be stimulating
or mediating factors in the emergence of NPSs [20-22].
Therefore, including environmental sensing technology in the
home technology assessment suite may provide additional,
important, linked information in the eventual assessment and
treatment of NPSs, because the environment may be readily
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modified if any of these factors are found to play a role in
stimulating or sustaining NPSs. Importantly, intelligent
environmental manipulation or modification that mediates NPSs
can be achieved at low cost and could be implemented widely.
This can potentially decrease the amount of pharmacological
intervention administered to patients, which are frequently
associated with adverse side effects. Thus, one of the major
aims of this study is to develop and integrate environmental
sensing into the digital biomarker assessment suite and identify
the possible associations of NPSswith environmental conditions
at home or in the community.

Currently, most of theliteratureisfocused on developing digital
biomarkers and finding environmental precipitants of NPSsin
people living with moderate- to later-stage dementia, whereas
those for people living with MCI or early-stage dementia have
been insufficiently examined. At the same time, to date, most
studiesthat measured the physical environment were conducted
in long-term, assisted living units. The few studies that were
conducted at homes neither deployed objective, physical
environmental sensors [23] nor focused on apathy, depression,
or anxiety [24]. This study addresses a critical need as
addressing these NPSs early on may slow disease progression
and help people live independently for alonger period in their
home. This study examinesthe feasibility of deploying aweekly
web-based survey in addition to deploying an in-home
behavioral and environmental assessment suite in the homes of
older adults who may have these NPSs.

Methods

Ethical Considerations

Ethics approval was obtained from Oregon Health and Science
University (OHSU) institutional review board (IRB; approvals
24210, 2765, and 20236).

To protect participants' privacy during recruitment, consent,
and study procedures, participants were assigned a code that
were used instead of their name or any personaly identifying
information. Electronic files for data analysis only contained
the participant code. The key associating the codes and the
participants personally identifying information was restricted
tothe Pl and study staff. The key waskept secure on arestricted
OHSU network drivein alimited accessfolder. Any documents
that contained personally identifying information were handled
according to standard institutional practices at OHSU to
maintain the confidentiality and security of data. The study
database was password-protected. Data were encrypted and
personal identifying information was excluded from data uploads
to prevent interception of data during broadband transmission.
Firewall protection and password-restricted access protected
against unauthorized access to the central server.

Study Design and Overview

Thisisan observational, longitudinal study (OHSU IRB 24210)
with a duration of 9 months. Study participants are men or
women recruited from the Digital Technology Core (DTC) of
the Oregon Alzheimer’'s Disease Research Center (OADRC;
OHSU IRB 2765) and the Oregon Royba Center for Care
Support Translational Research Advantaged by Integrating
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Technology (ORCASTRAIT; OHSU IRB 20236). When they are assessed in person using standardized health,
participants are first enrolled into the DTC or ORCASTRAIT, behavioral, and cognitive tests (Table 1).
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Tablel. List of standardized health, behavioral, and cognitive tests that are used to assess participantsin the Digital Technology Core (DTC) or Oregon
Roybal Center for Care Support Translational Research Advantaged by Integrating Technology (ORCASTRAIT) when they enroll.

Tests DTC ORCASTRAIT

UDS®—required forms

A1—Subject Demographics O ad
A2—Informant Demographics O O
A3—Subject Family History O ad
A4—Subject Medications O O
A5—Subject Health History O ad
B4—Global Staging CDRP O 0
B5—Neuropsychiatric Inventory Questionnaire O O
B6—Geriatric Depression Scale O O
B7—Functional Assessment Questionnaire O a
B8—Neurological Examination Findings O O
B9—Clinician Judgement of Symptoms O O
C2—Neuropsychological Battery Scores O O
MoCA® or Blind MoCA version u 0
Craft Story 21 (immediate) O ad
Benson Complex Figure Copy (immediate) 0 O
Number Span Forward O ad
Number Span Backward O ad
Category Fluency (animals) O ad
Category Fluency (vegetables) O ad
Trail Making Test (parts A and B) or Oral Trail (parts A and B) O ad
Craft Story 21 (delayed) O ad
Benson Complex Figure Recall O ad
Multilingual Naming Test O a
Letter Fluency (F, L, and C) O ad
D1—Clinician Diagnosis ] o
D2—Clinician-assessed Medical Conditions 0 O

CERAD Word List O 0

Visual Reproduction 1 and 2 (WMS-R®) u

Digit Symbol O

Stroop Test O

Block Design (WAIS-R') U

Oregon Gait and Balance Inventory O

OARSADL or IADLY o O

Collateral Clinica Dementia Rating Interview Questions O

Collateral Clinica Dementia Rating Scale

QOL-AD" O

Lubben Socia Network Scale Web based

GAD-7 O

Adverse Childhood Experience O
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Tests DTC ORCASTRAIT
Caregiving Annua Questions (CFJ only) 0

Dyadic Relationship Scale (CP only) Web based
Zarit Burden Interview (CP only) Web based
Weekly questionnaire Web based Web based

8UDS: Uniform Data Set.

BCDR: Clinical Dementia Rating.

°MoCA: Montreal Cognitive Assessment.

dCERAD: Consortium to Establish a Registry for Alzheimer’s Disease.
AWM S-R: Wechsler Memory Scale-Revised.

"WAIS-R: Wechsler Adult Intelligence Scale-Revised.

90ARS ADL or IADL: Older Americans Resources and Services Activities of Daily Living or Instrumental Activities of Daily Living.

hQOL-AD: Quality of Life-Alzheimer’s Disease.
'GAD-7: General Anxiety Disorder-7.
ICP: care partner.

All participants are sent a weekly web-based survey querying
about their health and activity measures [25] and have a
technol ogy platform deployed in their homesthat was devel oped
by the Oregon Center for Aging and Technology (ORCATECH)
[26,27]. When participants consent to participate in the study
described in this paper (OHSU IRB 24210), they also agreeto
complete a weekly web-based survey for assessing their level
of apathy, depression, and anxiety in the past week. Theweekly
gueries are web based, allowing for responding through any
internet-connected device (eg, smartphone, tablet, laptop, or
PC). Participants are not provided with a device but use their
own internet-connected devices to complete the surveys. In
addition, participants of this study had an environmental sensor
added to the ORCATECH home assessment platform to measure
theindoor environment of their residence.

Participants

Study coordinators reach out to potential participants in the
OADRC DTC and ORCASTRAIT study cohortsthrough phone
cals or emails to gauge their interest and eventually obtain
informed consent for participation in this study. Participants
have the option of consenting electronically (e-consent) or using
paper consent forms. An individual is considered capable of
consent if they have a score <0.5 on the Clinica Dementia
Rating scale [28]. If not capable, the assent of the participant is
required and is obtained by explaining the study to the
participant and having the participant sign the consent form
along with their legally authorized representative. The target
population is older adults aged =60 years without major
comorbidity. People with stable, common, age-associated
medical conditions (eg, hypertension, osteoporosis, and
osteoarthritis) are not excluded. Participants may have normal
cognition, MCI, or early-stage dementia diagnosed using
National Alzheimer's Coordinating Center criteria [29]. They
may or may not have symptoms of apathy, depression, or anxiety
as assessed using the Uniform Data Set Form BS5:
Neuropsychiatric Inventory Questionnaire or Uniform Data Set
Form B9: Clinician Judgment of Symptoms [29]. The goal is
torecruit 6 participantswith normal cognition and 6 participants
with either MCI or early-stage dementia. Asapathy, depression,

https://formative.jmir.org/2024/1/e53192

and anxiety are highly prevalent in people living with MCI or
early-stage dementia and less common in people with normal
cognition, the expectation is to recruit a sample of participants
with and those without the NPSs of interest.

Weekly NPS Assessment

Participants are sent an email every Monday morning at 9:00
AM, which contains a link to a web-based survey (Qualtrics)
that assesses their level of behavioral symptoms including
apathy, depression, and anxiety in the past 7 days. Each
symptom is assessed using a distinct assessment survey that is
placed on a separate web page, and the participants can leave
any questions unanswered. Apathy is assessed using the
Withdrawal-Apathy-Vigor (WAV) subscale from the 30-item
Geriatric Depression Scale [30,31]. WAV scores range from 0
to 6, with O indicating no apathy and 6 indicating the most severe
apathy. WAV has been shown to be congruent with
disengagement or depletion [30]. Depression and anxiety were
assessed using the 4-item depression and anxiety subscalesfrom
the 29-item Patient-Reported Outcomes Measurement
Information System [32]. The possible scores for the weekly
assessment of each symptom subscale range from 4 to 20, with
ascore of 4 being the mildest and a score of 20 being the most
severe. These two 4-item subscales have been shown to have
good internal reliability and convergent validity [33]. In
addition, al 3 subscales have the advantage of being brief, so
they should not be very burdensome to participants. In addition
to the weekly web-based assessment of the 3 NPSs, a 13-item
guestionnaire is also sent weekly to assess other relevant
health-related and activity-related events and experiences
including pain, loneliness, illness, falls, visitsto the emergency
department or hospital, medication changes, and the need for
additional assistance at home [25]. The participants receive no
training for completing the surveys.

Digital Technology

As part of the OADRC DTC or ORCASTRAIT cohort
participation, all participants have the ORCATECH home
assessment platform deployed in their residences. The platform
includes the following: activity sensing watches (Steel; Nokia
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or Activité; Withings), sleep and nighttime activity sensing bed
mats (ENM-9360-0656-30-P;, Emfit), electronic pillboxes
(TimerCap), passive infrared (PIR) motion sensors (NY CE),
and contact sensors (NY CE). Participants areinstructed to wear
the activity sensing watch on their wrist to measure their number
of steps. The bed mat is placed underneath the mattress of each
participant and provides sleep measurements such astotal sleep
duration, sleep latency, or total duration that the participant is
awake after having initially fallen asleep. The bed mat aso
measures physiological metrics such as heart rate and respiratory
rate. The motion sensors are installed in each living space (eg,
kitchen, living room, bedrooms, and bathrooms) to detect the
participant’s presencein each living space. Contact sensors are
placed on egress doors of a participant’s home to detect door
openings and closings. More detail s regarding the ORCATECH
technology platform can be found in the paper by Beattie et a
[27]. All the digital technologies were designed to be as
unobtrusive as possible and require minimal input from a
participant. The ORCATECH home assessment platform is
deployed in participant homes for the duration of the study.

A previous study showed that apathy was associated with
physical inactivity in community-dwelling older adults [34].
Moreover, the literature suggests that sleep disturbances are
associated with anxiety and depression in older adults [35].
With the digital technology in the ORCATECH platform,
activity level and sleep can be measured objectively, and they
can be compared against the self-reported severity of behavioral
symptoms to identify correlation.

Environmental Sensing

After consenting to participatein this study (OHSU IRB 24210),
an environmental condition sensing device (Awair Omni; Awair)
is added to the ORCATECH home assessment platform during
a scheduled visit from a study technician to the participant’s
home. The environmental sensor is placed at shoulder height
on the wall of the room where the participant typically sleeps.
The Awair Omni isdeployed for the entire duration of the study
and is connected to the internet viathe ORCATECH platform
hub computer in the home. The Awair Omni measures ambient
light level (lux), noise level (dB), temperature (°C), relative
humidity (%), carbon dioxide level (parts per million), total
volatile organic compounds (parts per billion), and particulate

matter—2.5 (PM2.5; pg/m>) every 5 minutes. The Awair Omni
isan indoor RESET Air [36] Accredited-Grade B monitor for
carbon dioxide, total volatile organic compounds, relative
humidity, temperature, and PM2.5. The Awair Omni also
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generates ametric (Score), which quantifiesthe air quality and
ranges from 0 to 100, with a higher number indicating better
air quality. Participants indoor environmental data are
downloaded from the Awair company website. The Awair Omni
device was chosen because it measures multiple physical
environmental variables that may be associated with apathy,
depression, and anxiety in older adults. Light may reduce
depressive symptoms in older adults and improve their quality
of life[37]. Noise is associated with more severe anxiety [38].
Air quality has also been suggested to be associated with
depressive and anxiety symptoms in older adults [39]. The
Awair Omni device al so collects data passively and requires no
interaction from the participant.

Data Analysis

We addressed the feasibility of deploying the web-based weekly
surveys, the digital technology, and the environmental sensing
tool by examining protocol adherence and the amount of missing
data. Answers to weekly surveys were summarized through
descriptive statistics. In addition, we explored how digital
biomarkersfrom thetechnology platform related to the reported
measures of NPSs and identified the possible associations
between NPSs and environmental conditions at homes. Weekly
means were calculated for the digital biomarkers and
environmental data. These statistics were compared to the
self-reported level of NPSs using Spearman correlation
coefficients intraindividually.

Results

Clinical Characteristics of Participants

At 13 months after recruitment began, atotal of 9 participants
had enrolled into the study (Table 2). At that time, participant
1 had withdrawn after 7.5 months, participants 3 and 5 have
completed the 9-month study, and the remaining 67% (6/9) of
the participants were actively participating in the study. The
average age of participants at enrollment was 76.3 (SD 5.10)
years, 56% (5/9) are men, and 44% (4/9) are women.
Participants had 17.6 (SD 3.5) years of education and, to date,
have 219 (SD 46.3) days of follow-up. In terms of cognition,
of the 9 participants, 5 (56%) have normal cognition, 3 (33%)
have MCl, and 1 (11%) has early-stage Alzheimer disease. The
Montreal Cognitive Assessment-BLIND score for the 9
participants at baselinewas 19 (SD 1.80). Of the 9 participants,
1 (11%) had all 3 NPSs at baseline, 3 (33%) had none, and the
other 5 (56%) had either 1 or 2 of the NPSs being studied.
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Table 2. Summary of participants' demographics and the presence of behavioral symptoms during their baseline clinical assessments.

Participant Cognition Sex Age(y) Race \_(ears of educa- Behaviora symptomsreported during baseline assess-
tion ment (UDS2-B5: Neuropsychiatry Inventory Question-
naire or UDS-B9: Clinician Judgment of Symptoms)
Apathy Depression Anxiety
1 Early Alzheimer Male 80 White 18 vb Y Y
disease
2 Normal cognition Female 80 White 16 NC N N
3 mcid Male 80 White 18 N N Y
4 Normal cognition Female 71 White 16 N N N
5 MCI Mae 69 White 25 Y N N
6 MCI Male 74 White 19 Y Y N
7 Normal cognition Male 71 White 16 N Y N
8 Normal cognition Female 83 Black 12 N N N
9 Normal cognition Female 79 White 18 N N Y

8UDS: Uniform Data Set.

by. symptoms reported at baseline.

®N: no such symptom reported at baseline.
dMcl: mild cognitive impairment.

guestionnaires sent, only 4 (1.4%) were not even started. The
Web-Based Weekly Surveys remaining were either fully completed (241/278, 86.7%) or
Table 3 summarizes the weekly surveys, both at theindividual  partially completed (33/278, 11.9%).

level and group level. Among a total of 278 web-based

Table 3. Weekly survey adherence and neuropsychiatric symptom score statistics.

Participant Weekly surveyssent, n? Responsesre- Apathy score, mean (SD)¢  Depression score, mean Anxiety score, mean
ceived, nP (sp)® (SD)®
1 32 32 1.13(0.942) 5 (1.04) 5.29 (1.65)
2 23 23 0(0) 4.24 (0.526) 4.14 (0.343)
3 40 40 2.03(0.357) 4(0) 4.03 (0.156)
4 32 2 2.06 (1.01) 4.25 (0.612) 4.22 (0.544)
5 39 39 5.00 (0.392) 10.6 (0.718) 10.5 (0.873)
6 35 2 5.97 (0.174) 14.3 (1.46) 13,5 (1.60)
7 24 24 0.625 (1.03) 5.92 (0.400) 4(0)
8 30 30 1.47 (0.806) 5.45 (0.723) 5.97 (1.02)
9 23 23 0(0) 6.74 (1.36) 5.23 (0.849)

8Group mean 30.9 (SD 6.53).
bGroup mean 30.6 (SD 6.37).
SGroup mean 2.47 (SD 2.09).
dGroup mean 6.82 (SD 3.50).
€Group mean 6.56 (SD 3.45).

Responses to the weekly queries regarding apathy, depression, compared to the rest of the cohort. Both these individuals had
and anxiety were highly variable both across and within MCI at baseline. Participant 5 had symptoms of apathy at
individuals over time (Figure 1). Of the 9 participants, 2 (22%; baseline, and participant 6 had symptoms of apathy and
participant 5 and participant 6) were characterized as having  depression at baseline.

higher apathy, depression, and anxiety scores over time
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Figure 1. Tota (A) apathy, (B) depression, and (C) anxiety scores reported on the weekly web-based questionnaire over time for 9 participants,
indicating intraindividual and interindividual variability in neuropsychiatric symptom severity.
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Adherenceto and Feasibility of Data Collection Using
Digital Technology and Environmental Sensor

All participants had PIR motion and contact sensors successfully
deployed in their homes. All participants except participant 1
(8/9, 89%) were given an electronic pillbox. Participant 1's
home had connectivity issueswith the electronic pillbox device
and thus did not have the device when enrolled in this study.
Of the 9 participants, 7 (78%) wore the activity sensing watches.
Participants 1 and 2 did not wear them. Participant 1 had their
own commercial wearable and preferred that to the study’s
activity sensing device. Participant 2 found wearing the activity
sensing device uncomfortable. All participants except participant
6 (8/9, 89%) had bed pressure mats installed. Participant 6
reported the bed pressure mat as being very intrusive.

Table 4 shows the number and percentages of days for which
data were collected from the respective device and each
participant’s home over their follow-up period. At the sample
level, over the mean follow-up of 219 days, the PIR motion and
contact sensors captured data for an average of 196 (89.5%)
days, the bed mats captured data for 157 (71.7%) days, the
activity sensing watch captured datafor 164 (74.9%) days, and
the electronic pillbox captured datafor 165 (75.3%) days. The
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Raspberry Pi (hub computer in each home) occasionally went
offline, requiring arestart that accounted for most data outages.
Participant 3 moved during the study, which accounted for some
of the data outages for their home. On other occasions, the
devices themselves were disconnected from the Wi-Fi or lost
communication with the hub computer. Other times, data were
not collected because participants did not use the devices. For
example, when participants went out of town or did not sleep
on their beds, then no data are collected from the bed mat. In
addition, participants would occasionally forget to wear the
activity sensing watches in the morning, so no data were
collected throughout that day. It is not possible to identify the
reason for every dataloss. For devicesthat participantsinteract
with, only the medication adherence tracking devices would
automatically confirm that they were functioning every day
regardless of whether the participants used them. If the
medication adherence tracking devices confirmed that it was
functioning, but no data were collected regarding participants
uses, then it can be assumed that the participants did not use
the devices. However, if there is no activity sensing watch or
bed mat data, it can be difficult to know whether they are not
being used or whether there was atechnical issue. Asthemotion
and contact sensors would also check in every day, it was
possible to know whether they were working.
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Table 4. Number and percentage of days with data for each digital technology.

Participant Follow-up peri- Bedmat,n Motionand con-  Activity sensing Medication adherence  Days Awair Omni Awair Omni,
od(days), N (o) tact ensor. N watch, n (%)2  tracking device, n (%)2 Wasdeployed.n (9P
(%)

1 225 195(86.7) 163 (72.4) N/AC N/A 186 182 (97.8)
2 161 146 (90.7) 161 (100) N/A 155 (96.3) 160 159 (99.4)
3 274 193 (70.4) 228(83.2) 232 (84.7) 80 (29.2) 197 174 (88.3)
4 224 203(90.6) 223 (99.6) 217 (96.9) 204 (91.1) 210 208 (99)
5 275 243 (88.4) 244 (88.7) 258 (93.8) 255 (92.7) 254 248 (97.6)
6 264 N/A 206 (78) 264 (100) 262 (99.2) 243 196 (80.7)
7 162 141(87) 162 (100) 162 (100) 161 (99.4) 159 158 (99.4)
8 210 185(88.1) 201 (95.7) 191 (90.9) 190 (90.5) 202 201 (99.5)
9 172 106 (61.6) 172 (100) 150 (87.2) 172 (100) 128 111 (86.7)

@Denotes the number of days with data and the percentage of days with data over the follow-up period.
PDenotes the number of days with data over the number of days deployed and the percentage of days with data over the number of days deployed.

°N/A: not applicable.

The Awair Omni environmental sensors were deployed in all
homes (9/9, 100%). The number of daysthe Awair Omniswere
deployed were shorter than the study duration because they
were added after participants had consented to participate in
this study and it took time for the study staff to schedule home
visits to install these sensors. An average of 90.4% (SD 10%)
of environmental data were successfully collected from all
homes during the monitoring periods when the Awair Omnis
were marked as active. There were 2 occasions when an Awair
Omni was marked as inactive. One occasion was due to
construction at the participant’s home, and the other was due
to the participant moving. The Awair Omni would become
disconnected from the internet occasionally. This issue was
often resolved by power cycling the device. However, this did
not always lead to dataloss because the environmental data can
be stored locally on the device for up to approximately 10 days
even when it is disconnected from Wi-Fi.

https://formative.jmir.org/2024/1/e53192

Figure 2 shows the environmental data from each participant’s
home. There was time-dependent heterogeneity across homes
in al the environmental domains measured. The PM2.5 levels
were highest in the homes of participants 5 (purple) and 6
(brown) in October 2022, which were time aligned with the
wildfires occurring during that timein Oregon. Moreover, there
was seasonality in the relative humidity data. As participants 5
and 6 had the longest follow-up periods for their in-home
environment, the humidity level was lower during winter
compared to summer and autumn, which is contrary to the
outdoor environment. This was likely due to participants
switching on their heaters during winter. In addition, by
examining the data shown in Figure 2, it was noticeable that
the environment data for participant 4's home changed
considerably, starting from the beginning of 2023. It is
speculated that the environmental sensor at this home had not
been working properly since 2023 as the daily PM2.5 level

dropped to approximately 0 pg/m?®, which is extremely low.
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Figure 2. Weekly mean environmental data along with error bars showing the SDs at participants homes throughout their follow-up periods. ppm:
parts per million; ppb: parts per billion; PM2.5: particulate matter—2.5; VOC: volatile organic compound.
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Exploratory Data Visualization and Analysis

In general, there were large variations in NPSs and the related
digital biomarker signals (eg, sleep measures and step counts).
For example, thewithin-individual correlation between duration
of sleep onset and self-reported level of anxiety is especialy
noteworthy. The mean duration of sleep onset for the 89% (8/9)
of the participants who had bed pressure mats was 22.3 (SD
6.84) minutes. The mean duration of sleep onset for each

-2 .
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Home of participant 8

September 2022 March 2023
Home of participant 9

Month and year

March 2023
Month and year

individual participant ranged from 20 to 27.7 minutes. Figure
3 showsthe scatter plots of duration of sleep onset from the bed
mats versus self-reported level of anxiety grouped based on
participant, along with the corresponding Spearman correlation
coefficients (p) and statistical significance. As shown by the
correlation coefficients, durations of sleep onset were positively
correlated with the self-reported levels of anxiety for all
participants, with one of them being statistically significant
(P<.001).

Figure 3. Scatter plots of duration of sleep onset in minutes versus self-reported level of anxiety in weekly surveysfor (A) Participant 1, (B) Participant
2, (C) Participant 3, (D) Participant 4, (E) Participant 5, (F) Participant 7, (G) Participant 8 and (H) Participant 9. Some individuals had little or no
change in the levels of anxiety (participants 2, 3, and 7), whereas others had a wide range of change in anxiety or duration of sleep onset. ns: not

significant.
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Figure 4 presents an example of how an environmental condition
(noise level per participant home) may relate to an NPS
(anxiety). Average weekly noise levels were typically >50 dB,
which is above the level of atypical quiet room [40]. Anxiety
was significantly and positively correlated with the noise level
for 33% (3/9) of the participants (P=.02 for participant 5, and
P=.005 for participants 4 and 9). Due to the abovementioned

Au-Yeung et d

suspected technical difficulties with the Awair Omni in the
home of participant 4, the observed noise levels <50 dB and the
observed correlation with anxiety should be considered with a
degree of uncertainty. For the other 44% (4/9) of the participants
who had variation in their weekly levels of anxiety, the weekly
indoor noise levels were negatively but nonsignificantly
correlated with their weekly levels of anxiety.

Figure4. Scatter plotsof self-reported level of anxiety from weekly web-based surveys versus weekly mean noiselevel (dB) at homefor (A) Participant
1, (B) Participant 2, (C) Participant 3, (D) Participant 4, (E) Participant 5, (F) Participant 6, (G) Participant 7, (H) Participant 8 and (I) Participant 9.
The corresponding Spearman correlation coefficients (p) and P values are provided. ns: not significant.
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Discussion compared to the possible range of the level of symptoms. The

Principal Findings

In general, the sensing platform including the environmental
sensing device were successfully deployed to homes despite
occasional nonadherence and data loss. NPS levels of
participants show week-to-week fluctuations even though the
within-person variability of level of symptoms is small

https://formative.jmir.org/2024/1/e53192
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study and itsrecruitment are ongoing, with the current duration
of follow-up relatively limited. The planned collection of up to
40 weeks of data from each participant will assist in providing
awider spectrum of possible NPS changes over time and will
guide the study durations for future studies. Nevertheless, the
weekly collection of dataabout the participants’ levelsof NPSs,
digital biomarkers, and indoor home environments allows us
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to examine their changes over time and correlations among
them both intraindividually and interindividually.

Participants' levels of NPSs may be correlated with their
adherence rate of completing the weekly survey as evidenced
by participant 6 who had the highest level of all 3 symptoms
and the lowest response rate among the 9 participants. When a
person has these NPSs, they may consider completing surveys
a nuisance and burdensome. This emphasizes the importance
of being able to measure their level of NPSs objectively and
unobtrusively.

The in-home environmental data collected in this study
emphasize the importance of collecting such data because the
in-home environment often does not align with the outdoor
environment [41]. The temperature and relative humidity data
are such examples. With older adults spending most of their
time at home, indoor environment monitoring will provide a
more accurate estimate about their environmental exposure.
However, indoor environment sensing isarelatively new feature
added to the ORCATECH platform, and one of the lessons
learned while conducting this study was that even high-quality
environmental sensor may not provide reliable and valid
measurements after some time, as evidenced in the data of
participant 4's home. Parts may fail, and there is variability in
the quality of sensors and their life span even when they were
manufactured by the same company. Frequent monitoring of
the environmental data by the study personnel will help in
detecting unreliable data, so that a malfunctioning sensor may
bereplaced. At the sametime, thismay not always be achievable
if the changes caused by the deterioration of sensors are small.

Adherence to using the technology is an issue for the activity
sensing watch, for which 2 (22%) of 9 participants did not opt
for the device provided by the study. This points to the
importance of having technology that is unobtrusive as some
participants may find using a wearable uncomfortable. At the
same time, some participants may aready have their own
wearable that they prefer. One future direction in research isto
let participants “bring your own device” However, bringing
their own device hasits own challenges as each device will have
unique specification, which will make standardizing and
synthesizing the data difficult [42].

The ORCATECH platform was designed to be minimally
intrusive to collect ecologically valid data from older adults as
they live their daily lives. The platform does not record video
nor audio, which preserves the privacy of our participants.
However, some participants may still find some devices, such
as bed mat, to be intrusive. As bed mat can collect valuable
information about participants’ sleep and physiology, including
an extensive educational session regarding study technology
may increase participant comfort level with study devices,
leading to higher acceptance and compliance.

Missing dataareinevitable when dataare collected in free-living
environments as several problems can arise, ranging from power
issues and internet issues to participants not using the devices.
When such data are being analyzed, analytical methodsthat can
account for missing data, such as mixed-effects models, will be

especialy applicable.
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Cognitive impairment is strongly correlated with treatment
incompliance and nonadherence as shown in a previous study
on older adult patients with hypertension [43]. Cognitive
impairment may contribute to device incompliance as memory
problems may cause participants to forget to wear the activity
sensing watches. These areissuesthat merit further investigation
in future studies with alarger sample.

Several digital biomarkers and highly intensive environmental
data were collected in this study with which multiple tests can
be performed to examine the associations between digital
biomarkers and level of NPSs and associations between the
environment and the level of NPSs. This pilot study data can
be used to generate hypotheses and to cal cul ate the sample size
for more definitive studies in the future. In this study, the
preliminary datafor duration of sleep onset collected using bed
pressure mats are positively correlated with self-reported level
of anxiety in all participants who had fluctuationsin their level
of anxiety (7/7, 100%), even though only 1 of them was
statistically significant at the P<.05 level. Furthermore, the
levels of anxiety for 22% (2/9) of the participants were
statistically significantly and positively correlated with the noise
level at their home (excluding participant 4). These preliminary
and individual results suggest feasibility and agree with existing
literature [38,44].

Limitations

This study had limitations. One limitation of this observational
study isthat we did not record residential environmental factors
that may affect the measured environmental variables
experienced by our participants. Our participants likely used
heaters, air conditioners, or other devices to keep the indoor
environmental conditionswithin small ranges. Small variability
inenvironmental conditions makeit difficult to find associations
between the level of NPSs and the environment. Moreover, as
indoor environmental sensors are still costly, deploying them
in the bedrooms only will not provide a good estimate of
peopl€e's environmental exposures when they are outside or in
other parts of the home. Another limitation of this study isthat
despite the use of subscales from well-validated scales, the
validity of them being used weekly for a maximum period of 9
months has not been proven. It isunknown whether participants
would take the surveys less serioudly as time passes. While
recruitment is still ongoing, the sample size presented in this
paper is small. Therefore, one future direction is to conduct a
similar study but with alarger sample size, so that estimates of
effect size can be derived. This study provides an examination
of feasibility, an exploration of possible pitfals, and pilot data
that can help guide future power and sample size calculations.

Conclusions

To conclude, this study demonstratesthe feasibility of assessing
the severity of behavioral symptomsweekly through web-based
surveysand deploying in-home, digital assessment technol ogies
among older adult individuals. It provides a guide for holistic,
in situ, longitudinal monitoring of levels of NPSs and about
how these behaviors may respond to changes in the living
environment. The implications of deploying this approach
include enabling early detection of these NPSs, characterizing
the responsesto treatment or intervention more effectively with
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objective measures using digital technology, reducing thesample  in-home environment interventionsthat can reduce the frequency
sizes needed for clinical trials, and identifying the potential  and severity of NPSsin older adults.

Acknowledgments

The authors would like to thank the participants for their participation. This study was supported by the National Institute on
Aging of the National Institutes of Health under awards P30AG066518 and P30AG024978. The content is solely the responsibility
of the authors and does not necessarily represent the official views of the National Institutes of Health.

Conflictsof I nterest

Oregon Health and Science University, ZB, and JK have financial interest in Life Analytics Inc, a company that may have
commercia interest in the results of this study and technology. This potential conflict of interest has been reviewed and managed
by Oregon Health and Science University. All other authors report no other conflicts of interest.

References

1.  Martin E, Velayudhan L. Neuropsychiatric symptoms in mild cognitive impairment: aliterature review. Dement Geriatr
Cogn Disord. Apr 14, 2020;49(2):146-155. [FREE Full text] [doi: 10.1159/000507078] [Medline: 32289790]

2. Eikelboom WS, van den Berg E, Singleton EH, Baart SJ, Coesmans M, Leeuwis AE, et al. Neuropsychiatric and cognitive
symptoms across the Alzheimer disease clinical spectrum: cross-sectional and longitudinal associations. Neurology. Sep
28, 2021;97(13):€1276-€1287. [FREE Full text] [doi: 10.1212/WNL.0000000000012598] [Medline: 34413181]

3. Cegeral, Lagarto L, Mukaetova-Ladinska EB. Behavioral and psychological symptoms of dementia. Front Neurol.
2012;3:73. [FREE Full text] [doi: 10.3389/fneur.2012.00073] [Medline: 22586419]

4.  Peters ME, Schwartz S, Han D, Rabins PV, Steinberg M, Tschanz JT, et al. Neuropsychiatric symptoms as predictors of
progression to severe Alzheimer's dementia and death: the Cache County Dementia Progression Study. Am J Psychiatry.
May 2015;172(5):460-465. [FREE Full text] [doi: 10.1176/appi.ajp.2014.14040480] [Medline: 25585033]

5.  OkuraT, Plassman BL, Steffens DC, Llewellyn DJ, Potter GG, Langa KM. Neuropsychiatric symptoms and the risk of
institutionalization and death: the aging, demographics, and memory study. JAm Geriatr Soc. Mar 2011;59(3):473-481.
[FREE Full text] [doi: 10.1111/j.1532-5415.2011.03314.X] [Medline: 21391937]

6. MalL. Depression, anxiety, and apathy in mild cognitive impairment: current perspectives. Front Aging Neurosci. Jan 30,
2020;12:9. [FREE Full text] [doi: 10.3389/fnagi.2020.00009] [Medline: 32082139]

7.  Cohen-Mansfield J. Instruction manual for the Cohen-Mansfield agitation inventory (CMAI). Research Institute of the
Hebrew Home of Greater Washington. 1991. URL : https.//www.dementiaresearch.org.au/wp-content/upl oads/2016/06/
CMAI_Manual.pdf [accessed 2024-04-05]

8. Logsdon RG, Teri L, Weiner MF, Gibbons LE, Raskind M, Peskind E, et al. Assessment of agitation in Alzheimer's disease:
the agitated behavior in dementia scale. Alzheimer's disease cooperative study. J Am Geriatr Soc. Nov 27,
1999;47(11):1354-1358. [doi: 10.1111/j.1532-5415.1999.tb07439.x] [Medline: 10573447]

9. CummingsJL, MegaM, Gray K, Rosenberg-Thompson S, Carusi DA, Gornbein J. The neuropsychiatric inventory:
comprehensive assessment of psychopathology in dementia. Neurology. Dec 1994;44(12):2308-2314. [doi:
10.1212/wnl.44.12.2308] [Medline: 7991117]

10. Spitzer RL, Kroenke K, Williams JB, Léwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med. May 22, 2006;166(10):1092-1097. [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]

11. deCraen AJ, Heeren TJ, Gussekloo J. Accuracy of the 15-item geriatric depression scale (GDS-15) in acommunity sample
of the oldest old. Int J Geriatr Psychiatry. Jan 20, 2003;18(1):63-66. [doi: 10.1002/gps.773] [Medline: 12497557]

12. Marin RS, Biedrzycki RC, Firinciogullari S. Reliability and validity of the apathy evaluation scale. Psychiatry Res. Aug
1991;38(2):143-162. [doi: 10.1016/0165-1781(91)90040-v] [Medline: 1754629]

13. Chan D. So why ask me? Are self-report datareally that bad? In: Lance CE, Lance CE, Vandenberg JV, editors. Statistical
and Methodological Myths and Urban Legends: Doctrine, Verity and Fable in Organizational and Social Sciences.
Oxfordshire, UK. Routledge; 2010;329-356.

14. Piau A, Wild K, Mattek N, Kaye J. Current state of digital biomarker technologies for real-life, home-based monitoring of
cognitive function for mild cognitive impairment to mild Alzheimer disease and implications for clinical care: systematic
review. JMed Internet Res. Aug 30, 2019;21(8):€12785. [FREE Full text] [doi: 10.2196/12785] [Medline: 31471958]

15. Wise EA, Rosenberg PB, Lyketsos CG, Leoutsakos J. Time course of neuropsychiatric symptoms and cognitive diagnosis
in National Alzheimer's Coordinating Centersvolunteers. Alzheimers Dement (Amst). Dec 17, 2019;11(1):333-339. [FREE
Full text] [doi: 10.1016/j.dadm.2019.02.006] [Medline: 31024987]

16. Ismail Z, McGirr A, Gill S, Hu S, Forkert ND, Smith EE. Mild behavioral impairment and subjective cognitive decline
predict cognitive and functional decline. JAlzheimersDis. 2021;80(1):459-469. [FREE Full text] [doi: 10.3233/JAD-201184]
[Medline: 33554909]

https:/formative.jmir.org/2024/1/€53192 JMIR Form Res 2024 | vol. 8 53192 | p. 13
(page number not for citation purposes)


https://doi.org/10.1159/000507078
http://dx.doi.org/10.1159/000507078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32289790&dopt=Abstract
https://europepmc.org/abstract/MED/34413181
http://dx.doi.org/10.1212/WNL.0000000000012598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34413181&dopt=Abstract
https://europepmc.org/abstract/MED/22586419
http://dx.doi.org/10.3389/fneur.2012.00073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22586419&dopt=Abstract
https://europepmc.org/abstract/MED/25585033
http://dx.doi.org/10.1176/appi.ajp.2014.14040480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25585033&dopt=Abstract
http://hdl.handle.net/2027.42/106953
http://dx.doi.org/10.1111/j.1532-5415.2011.03314.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21391937&dopt=Abstract
https://europepmc.org/abstract/MED/32082139
http://dx.doi.org/10.3389/fnagi.2020.00009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32082139&dopt=Abstract
https://www.dementiaresearch.org.au/wp-content/uploads/2016/06/CMAI_Manual.pdf
https://www.dementiaresearch.org.au/wp-content/uploads/2016/06/CMAI_Manual.pdf
http://dx.doi.org/10.1111/j.1532-5415.1999.tb07439.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10573447&dopt=Abstract
http://dx.doi.org/10.1212/wnl.44.12.2308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7991117&dopt=Abstract
http://dx.doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16717171&dopt=Abstract
http://dx.doi.org/10.1002/gps.773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12497557&dopt=Abstract
http://dx.doi.org/10.1016/0165-1781(91)90040-v
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1754629&dopt=Abstract
https://www.jmir.org/2019/8/e12785/
http://dx.doi.org/10.2196/12785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31471958&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-8729(19)30020-X
https://linkinghub.elsevier.com/retrieve/pii/S2352-8729(19)30020-X
http://dx.doi.org/10.1016/j.dadm.2019.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31024987&dopt=Abstract
https://europepmc.org/abstract/MED/33554909
http://dx.doi.org/10.3233/JAD-201184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33554909&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Au-Yeung et a

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.
37.

38.

Johansson M, Stomrud E, Insel PS, Leuzy A, Johansson PM, Smith R, et a. Mild behavioral impairment and itsrelation
to tau pathology in preclinical Alzheimer's disease. Trangl Psychiatry. Jan 26, 2021;11(1):76. [FREE Full text] [doi:
10.1038/s41398-021-01206-z] [Medline: 33500386]

Dodge HH, Zhu J, Mattek NC, Austin D, Kornfeld J, Kaye JA. Use of high-frequency in-home monitoring datamay reduce
sample sizes needed in clinical trials. PLoS One. Sep 17, 2015;10(9):€0138095. [FREE Full text] [doi:

10.1371/journal .pone.0138095] [Medline: 26379170]

Wu CY, Beattie Z, Mattek N, Sharma N, Kaye J, Dodge HH. Reproducibility and replicability of high-frequency, in-home
digital biomarkersin reducing samplesizesfor clinical trials. Alzheimers Dement (N Y). Dec 31, 2021;7(1):€12220. [FREE
Full text] [doi: 10.1002/trc2.12220] [Medline: 35005204]

Son SM, Kwag SW. Effects of white noise in walking on walking time, state anxiety, and fear of falling among the elderly
with mild dementia. Brain Behav. Dec 09, 2020;10(12):€01874. [FREE Full text] [doi: 10.1002/brb3.1874] [Medline:
33034429]

Jao YL, Algase DL, Specht JK, Williams K. The association between characteristics of care environments and apathy in
residents with dementiain long-term care facilities. Gerontologist. Jun 08, 2015;55 Suppl 1(Supp! 1):S27-S39. [doi:
10.1093/geront/gnul66] [Medline: 26055779]

Figueiro MG, Plitnick BA, Lok A, Jones GE, Higgins P, Hornick TR, et al. Tailored lighting intervention improves measures
of deep, depression, and agitation in personswith Alzheimer's disease and related dementialiving in long-term carefacilities.
Clin Interv Aging. 2014;9:1527-1537. [FREE Full text] [doi: 10.2147/CIA.S68557] [Medline: 25246779

Cho E, Kim S, Hwang S, Kwon E, Heo SJ, Lee JH, et al. Factors associated with behavioral and psychological symptoms
of dementia: prospective observational study using actigraphy. JMed Internet Res. Oct 29, 2021;23(10):€29001. [FREE
Full text] [doi: 10.2196/29001] [Medline: 34714244]

Bankole A, Anderson MS, Homdee N, Alam R, Lofton A, Fyffe N, et al. BESI: behavioral and environmental sensing and
intervention for dementia caregiver empowerment-phases 1 and 2. Am J Alzheimers Dis Other Demen. Mar 12,
2020;35:1533317520906686. [FREE Full text] [doi: 10.1177/1533317520906686] [Medline: 32162529]

Seelye A, Mattek N, SharmaN, Riley T, Austin J, Wild K, et al. Weekly observations of online survey metadata obtained
through home computer use allow for detection of changesin everyday cognition before transition to mild cognitive
impairment. Alzheimers Dement. Feb 26, 2018;14(2):187-194. [FREE Full text] [doi: 10.1016/j.jalz.2017.07.756] [Medline:
29107052

Kaye J, Reynolds C, Bowman M, SharmaN, Riley T, Golonka O, et al. Methodology for establishing a community-wide
lifelaboratory for capturing unobtrusive and continuous remote activity and health data. JVis Exp. Jul 27, 2018;(137):56942.
[FREE Full text] [doi: 10.3791/56942] [Medline: 30102277]

Beattie Z, Miller L, Almirola C, Au-Yeung WM, Bernard H, Cosgrove KE, et al. The collaborative aging research using
technology initiative: an open, sharable, technology-agnostic platform for the research community. Digit Biomark. Nov
26, 2020;4(Suppl 1):100-118. [FREE Full text] [doi: 10.1159/000512208] [Medline: 33442584]

MorrisJC. The Clinical DementiaRating (CDR): current version and scoring rules. Neurology. Nov 1993;43(11):2412-2414.
[doi: 10.1212/wnl.43.11.2412-a] [Medline: 8232972]

NACC uniform data set coding guidebook for initial visit packet. National Alzheimer's Coordinating Center. URL : https:/
[files.al z.washington.edu/documentati on/uds3-ivp-guidebook.pdf [accessed 2024-04-05]

Adams KB. Depressive symptoms, depletion, or developmental change? Withdrawal, apathy, and lack of vigor in the
Geriatric Depression Scale. Gerontologist. Dec 2001;41(6):768-777. [doi: 10.1093/geront/41.6.768] [Medline: 11723345]
Yesavage JA. Geriatric Depression Scale. Psychopharmacol Bull. 1988;24(4):709-711. [Medline: 3249773]

Craig BM, Reeve BB, Brown PM, CellaD, Hays RD, Lipscomb J, et al. US valuation of health outcomes measured using
the PROM1S-29. Value Health. Dec 2014;17(8):846-853. [FREE Full text] [doi: 10.1016/j.jval.2014.09.005] [Medline:
25498780]

Kroenke K, Yu Z, Wu J, Kean J, Monahan PO. Operating characteristics of PROMIS four-item depression and anxiety
scalesin primary care patients with chronic pain. Pain Med. Nov 01, 2014;15(11):1892-1901. [FREE Full text] [doi:
10.1111/pme.12537] [Medline: 25138978]

Yao H, TakashimaY, Araki Y, Uchino A, Yuzuriha T, Hashimoto M. Leisure-time physical inactivity associated with
vascular depression or apathy in community-dwelling elderly subjects: the Sefuri Study. J Stroke Cerebrovasc Dis. Nov
2015;24(11):2625-2631. [doi: 10.1016/].jstrokecerebrovasdis.2015.07.018] [Medline: 26300077]

Leblanc MF, Degardins S, Desgagné A. Sleep problemsin anxious and depressive ol der adults. Psychol Res Behav Manag.
2015;8:161-169. [FREE Full text] [doi: 10.2147/PRBM.S80642] [Medline: 26089709]

RESET® Air. RESET. URL: https://www.reset.build/standard/air [accessed 2024-04-05]

Goudriaan |, van Boekel LC, Verbiest ME, van Hoof J, Luijkx KG. Dementiaenlightened? A systematic literature review
of theinfluence of indoor environmental light on the health of older personswith dementiain long-term care facilities. Clin
Interv Aging. 2021;16:909-937. [FREE Full text] [doi: 10.2147/CIA.S297865] [Medline: 34079240]

LanY, RobertsH, Kwan M, Helbich M. Transportation noise exposure and anxiety: a systematic review and meta-analysis.
Environ Res. Dec 2020;191:110118. [FREE Full text] [doi: 10.1016/j.envres.2020.110118] [Medline: 32835678]

https:/formative.jmir.org/2024/1/€53192 JMIR Form Res 2024 | vol. 8| €53192 | p. 14

(page number not for citation purposes)


https://doi.org/10.1038/s41398-021-01206-z
http://dx.doi.org/10.1038/s41398-021-01206-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33500386&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0138095
http://dx.doi.org/10.1371/journal.pone.0138095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26379170&dopt=Abstract
https://europepmc.org/abstract/MED/35005204
https://europepmc.org/abstract/MED/35005204
http://dx.doi.org/10.1002/trc2.12220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35005204&dopt=Abstract
https://europepmc.org/abstract/MED/33034429
http://dx.doi.org/10.1002/brb3.1874
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33034429&dopt=Abstract
http://dx.doi.org/10.1093/geront/gnu166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26055779&dopt=Abstract
https://europepmc.org/abstract/MED/25246779
http://dx.doi.org/10.2147/CIA.S68557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25246779&dopt=Abstract
https://www.jmir.org/2021/10/e29001/
https://www.jmir.org/2021/10/e29001/
http://dx.doi.org/10.2196/29001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34714244&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1533317520906686?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1533317520906686
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32162529&dopt=Abstract
http://hdl.handle.net/2027.42/152601
http://dx.doi.org/10.1016/j.jalz.2017.07.756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29107052&dopt=Abstract
https://europepmc.org/abstract/MED/30102277
http://dx.doi.org/10.3791/56942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30102277&dopt=Abstract
https://doi.org/10.1159/000512208
http://dx.doi.org/10.1159/000512208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33442584&dopt=Abstract
http://dx.doi.org/10.1212/wnl.43.11.2412-a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8232972&dopt=Abstract
https://files.alz.washington.edu/documentation/uds3-ivp-guidebook.pdf
https://files.alz.washington.edu/documentation/uds3-ivp-guidebook.pdf
http://dx.doi.org/10.1093/geront/41.6.768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11723345&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3249773&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(14)04723-8
http://dx.doi.org/10.1016/j.jval.2014.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25498780&dopt=Abstract
https://europepmc.org/abstract/MED/25138978
http://dx.doi.org/10.1111/pme.12537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25138978&dopt=Abstract
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2015.07.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26300077&dopt=Abstract
https://europepmc.org/abstract/MED/26089709
http://dx.doi.org/10.2147/PRBM.S80642
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26089709&dopt=Abstract
https://www.reset.build/standard/air
https://europepmc.org/abstract/MED/34079240
http://dx.doi.org/10.2147/CIA.S297865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34079240&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0013-9351(20)31015-X
http://dx.doi.org/10.1016/j.envres.2020.110118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32835678&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Au-Yeung et a

39.

40.

41.

42.

43.

Pun VC, Manjourides J, Suh H. Association of ambient air pollution with depressive and anxiety symptomsin older adults:
resultsfrom the NSHAP study. Environ Health Perspect. Mar 2017;125(3):342-348. [FREE Full text] [doi: 10.1289/EHP494]
[Medline: 27517877]

Typical noise levels. The Noise Pollution Clearinghouse. URL : https.//www.nonoise.org/library/househol d/index.htm
[accessed 2024-04-05]

Braziené A, Vencloviené J, VaiciulisV, LuksSiené D, TamoSitinas A, Milvidaité |, et al. Relationship between depressive
symptoms and weather conditions. Int J Environ Res Public Health. Apr 21, 2022;19(9):5069. [FREE Full text] [doi:
10.3390/ijerph19095069] [Medline: 35564464]

Nicosia J, Wang B, Aschenbrenner AJ, Sliwinski MJ, Yabiku ST, Rogque NA, et a. To BYOD or not: are device latencies
important for bring-your-own-device (BY OD) smartphone cognitive testing? Behav Res Methods. Sep 11,
2023;55(6):2800-2812. [FREE Full text] [doi: 10.3758/s13428-022-01925-1] [Medline: 35953659]

Chudiak A, Uchmanowicz |, Mazur G. Rel ation between cognitive impairment and treatment adherencein elderly hypertensive
patients. Clin Interv Aging. 2018;13:1409-1418. [FREE Full text] [doi: 10.2147/CIA.S162701] [Medline: 30122913]
Papadimitriou GN, Linkowski P. Sleep disturbance in anxiety disorders. Int Rev Psychiatry. Aug 11, 2005;17(4):229-236.
[doi: 10.1080/09540260500104524] [Medline: 16194794]

Abbreviations

DTC: Digital Technology Core

IRB: institutional review board

MCI: mild cognitive impairment

NPS: neuropsychiatric symptom

OADRC: Oregon Alzheimer’s Disease Research Center
OHSU: Oregon Health and Science University
ORCASTRAIT: Oregon Roybal Center for Care Support Trandational Research Advantaged by Integrating
Technology

ORCATECH: Oregon Center for Aging and Technology
PIR: passiveinfrared

PM2.5: particulate matter—2.5

WAV: Withdrawal-Apathy-Vigor

Edited by A Mavragani; submitted 28.09.23; peer-reviewed by YL Jao; commentsto author 28.12.23; revised version received 02.04.24;
accepted 04.04.24; published 08.05.24

Please cite as:

Au-Yeung WTM, Liu Y, Hanna R, Gothard S, Rodrigues N, Leon Guerrero C, Beattie Z, Kaye J

Feasibility of Deploying Home-Based Digital Technology, Environmental Sensors, and Web-Based Surveys for Assessing Behavioral
Symptoms and Identifying Their Precipitantsin Older Adults: Longitudinal, Observational Study

JMIR Form Res 2024;8:€53192

URL: https://formative.jmir.org/2024/1/€53192

doi: 10.2196/53192

PMID: 38717798

©Wan-Tai M Au-Yeung, Yan Liu, RemondaHanna, Sarah Gothard, Nathaniel Rodrigues, Cierraleon Guerrero, Zachary Bedttie,
Jeffrey Kaye. Originaly published in IMIR Formative Research (https://formative.jmir.org), 08.05.2024. Thisis an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first publishedin IMIR
Formative Research, is properly cited. The complete bibliographic information, a link to the origina publication on
https://formative.jmir.org, as well as this copyright and license information must be included.

https:/formative.jmir.org/2024/1/€53192 JMIR Form Res 2024 | vol. 8| €53192 | p. 15

RenderX

(page number not for citation purposes)


https://ehp.niehs.nih.gov/doi/10.1289/EHP494?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1289/EHP494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27517877&dopt=Abstract
https://www.nonoise.org/library/household/index.htm
https://www.mdpi.com/resolver?pii=ijerph19095069
http://dx.doi.org/10.3390/ijerph19095069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35564464&dopt=Abstract
https://europepmc.org/abstract/MED/35953659
http://dx.doi.org/10.3758/s13428-022-01925-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35953659&dopt=Abstract
https://europepmc.org/abstract/MED/30122913
http://dx.doi.org/10.2147/CIA.S162701
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30122913&dopt=Abstract
http://dx.doi.org/10.1080/09540260500104524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16194794&dopt=Abstract
https://formative.jmir.org/2024/1/e53192
http://dx.doi.org/10.2196/53192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38717798&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

