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Abstract

Aims: We explored the relationship between objective and subjective measures of burden prior to 

and after a telehealth-based caregiver intervention. One caregiver participated in two studies, one 

to assess the feasibility of objective, home-based monitoring (EVALUATE-AD), the second to 

assess the feasibility of a caregiver education telehealth-based intervention, Tele-STAR.

Methods: Subjective measures of burden and depression in Tele-STAR and objective measures 

related to daily activities of the caregiver in EVALUATE-AD were compared to examine trends 

between the different outcome measures.

Results: While the caregiver reported an increase in distressing behaviors by her partner, burden 

levels did not significantly change during or after the Tele-STAR intervention, while objective 

measures of activity and sleep showed a slight decline.

Conclusion: Unobtrusive home-based monitoring may provide a novel, objective method to 

assess the effectiveness of caregiver intervention programs.
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Introduction

Alzheimer’s disease is one of the most emotionally and financially expensive diseases in 

America, due to the high prevalence and high care needs [1, 2]. Most of this cost is borne by 

family caregivers, and the demands on them will grow as the number of persons with 

Alzheimer’s disease and related dementias (ADRD) increases [3]. ADRD caregiving is 

particularly challenging because as individuals with dementia experience memory loss and 

changes in their behavior, caregivers report increased depression and “burden” [2, 4-6]. 

Thus, researchers strive to develop interventions that reduce this burden.

Numerous studies have employed interventions to reduce caregiver burden and depression 

[7]. The majority of caregiver instruments employed in these studies rely on self-reported 

scales assessing subjective aspects of caregiving to determine the level of caregiver burden 

experienced [8, 9]. However, subjective point-in-time assessments are prone to recall bias 

[10, 11], social desirability bias [12] and recency effects [13]. Additionally, studies of 

physical activity [14], medication adherence [15] and health service utilization [16] show 

disagreements between self-report assessment tools and objective measurements. Due to 

these limitations, an assessment method that unobtrusively and objectively measures activity 

and effort related to caregiving could improve the assessment of caregiver burden and 

complement subjective caregiver tools.

Home-based, pervasive sensing and computing systems provide a novel method to capture 

data on metrics related to everyday physical and cognitive function [17]. The EVALUATE-

AD (Ecologically Valid, Ambient, Longitudinal and Unbiased Assessment of Treatment 

Efficacy in Alzheimer’s Disease) study is an observational proof-of-concept trial examining 

the feasibility of using an unobtrusive home-based monitoring system to detect the effects of 

initiating or discontinuing standard dementia treatments. One component of this study is to 

examine the ability of this system to continuously collect data on objective outcomes related 

to caregiving. Here we present preliminary data on conventional subjective caregiver 

assessment methods and objective sensor-based measures from a caregiver who 

simultaneously participated in EVALUATE-AD and a telehealth intervention study (Tele-

STAR).

Methods

The Studies

EVALUATE-AD Caregiver Study—The caregiver pilot project within the EVALUATE-

AD trial was designed to assess the feasibility of collecting data related to time and effort 

spent on caregiving activities using a home-based pervasive sensing and computing system 

and to compare the objective sensor-based measures to conventional clinical measures of 

caregiver behavior and burden. The ORCATECH (Oregon Roybal Center for Aging and 

Technology) home-based computing system (Fig. 1) is deployed in the homes of participants 

for 12–18 months, using established protocols [17, 18]. All data collection from installed 

sensors occurs wirelessly through a monitor-less PC without the need for participant 

involvement. Infrared motion sensors (NYCE Control) placed on the wall collect data on 

activity, location and room transitions. An activity-monitoring wristwatch (Withings Steel; 
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https://www.withings.com/us/en/steel) detects daily step count and total sleep time. Time 

spent out of the home is determined using data from contact sensors on external doors. At 

the baseline EVALUATE-AD visit, family caregivers complete assessments at home and 

then via online versions of the questionnaires sent every 3 months during the study (Table 1). 

In addition, an online weekly self-report survey is sent via e-mail to caregivers and asks 

about internal states, such as mood, pain level and loneliness, which can only be determined 

by self-report.

Tele-STAR—The Tele-STAR study translated an evidence-based intervention (STAR-C 

[19]) from an in-person intervention into a telehealth intervention. The feasibility, 

acceptability and preliminary efficacy of the telehealth-based intervention were examined. 

Tele-STAR participants met with consultants via a secure videoconferencing link [20] to 

address care-recipient behaviors that they found upsetting. Using a cognitive behavioral 

approach, caregivers identified triggers to the behaviors and strategies to address the 

behaviors. After completing the required 8 sessions, caregivers met with each other in 

groups of three (Tele-STAR trios). They were offered the opportunity to contact each other 

after study completion. Burden and depression were measured with classic measures (the 4-

item Zarit Burden Interview [21], the Revised Memory and Behavior Problems Checklist 

[22] and the 10-item Center for Epidemiologic Studies Depression scale [23]) prior to, 

during and after the intervention.

Analysis

For Tele-STAR, pre-post changes were measured using paired t tests [24]. Qualitative data 

were gathered from two focus groups and analyzed using a phenomenological approach 

[25]. In the EVALUATE-AD pilot, outcome measures from the sensor-based data in Table 1 

are being investigated for their ability to predict subjective caregiver burden levels. To 

measure activity level, step count is taken directly from the daily total calculated by the 

wristwatch. Total sleep time is calculated as the onset of the first sleep stage to the end of the 

last sleep stage detected by the wristwatch over one night. Time spent together in the same 

room is calculated from the infrared wall-mounted sensors. We compared quantitative 

findings from the subjective and objective measures in this one participant case study.

Results

Case

The participants were a 71-year-old female caregiver and her 74-year-old spouse with AD. 

At study entry to EVALUATE-AD, the participant with AD had a Mini Mental State 

Examination [26] score of 17, Clinical Dementia Rating [27] score of 1, Neuropsychiatric 

Inventory Questionnaire [28] score of 6 and Functional Activities Questionnaire [29] score 

of 22. The caregiver verbally agreed to participate in the case study, which was approved by 

the IRB (OHSU IRB #18066).

At Tele-STAR study entry, the caregiver reported she had 18 years of education and had 

actively been providing care for her spouse for 1.5 years, with an average of 106 h/week. At 

baseline, her depression scores were within normal limits [23], but burden scores were on 
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the moderately high side at 19 [21, 22]. The caregiver rated the care recipient’s overall 

quality of life as “good” but relational and financial concerns were noted.

EVALUATE-AD Study

Acceptance of the technology and home-based system was high in this participant. She 

completed 96.8% of her weekly health surveys. On her exit survey, she strongly agreed with 

the statements “I do not mind being monitored unobtrusively in my home” and “I did not 

find the sensor system interfered with activities related to caregiving.” She did not express 

any privacy concerns related to the use of monitoring technology in the study.

The couple was enrolled in the study for 313 days. Daily step count was available for 194 

days for the caregiver and 205 days in her partner with AD. The mean daily step count was 

5,973 (SD 2,709) for the caregiver and 3,425 (SD 1,836) for her partner. Total sleep time 

was available for 187 days for the caregiver and 109 days for her partner with mean total 

sleep times of 7.5 h (SD 1.6) and 5.9 h (SD 2.0), respectively. Missing data were due to two 

factors: (1) technical issues with the data collection system resulted in the data not being 

collected from the watches during two time periods (50 days approx.); (2) no data collection 

occurred on the days when the watch was not worn, and the lower number of nights 

collected from the person with AD was due to noncompliance with wearing the watch at 

night. The caregiver’s daily step counts (Fig. 2) and total sleep times (Fig. 3) decreased 

slightly during the monitoring period. Her self-reported levels of burden remained fairly 

stable during this period (Table 2).

Tele-STAR Study

The caregiver completed all 8 Tele-STAR sessions as well as her assigned homework. She 

also engaged in the trio session. Prior to the intervention, the caregiver reported three 

behaviors which she found “very much” distressing [22]. In the Tele-STAR sessions, she 

addressed these, including her partner’s night time activity. This night time behavior 

centered on his need to get ready for a work interview, in which he would look anxiously for 

his clothing and work documents, telling his spouse, “You don’t understand, I need to be 

there … I can’t blow it this time.”

At the conclusion of the intervention, the frequency of her partner’s distressing behaviors 

increased, but her reactivity to them did not. Two months post intervention, the behaviors, 

and the caregiver’s response to them, increased. There was a slight improvement in her 

depression scores after the first four Tele-STAR sessions, but depression scores returned to 

baseline after the intervention. Taken together, the data suggest that while the frequency of 

the care recipient’s behaviors increased, her reaction to them (how upsetting they were for 

her) held steady throughout the intervention. Once the intervention ended, however, the 

behaviors became more frequent and more upsetting. After the intervention, the caregiver 

began the process of placing her spouse into long-term care.

In comparing the objective and subjective data, we see a trend of decreasing step counts as 

the frequency of care recipient behaviors increased. The time the caregiver and her spouse 

were together, and the caregiver’s daily activities, suggests the potential for higher caregiver 

burden. Objective measures of sleep also show a trend in decreasing total sleep times as her 
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partner’s night time behavior increased, and as she found these behaviors more upsetting. In 

the time immediately before the AD participant’s transition to a higher level of care, there 

were a number of nights where the caregiver had very little sleep. Across the board, there 

was little effect of the Tele-STAR intervention for this caregiver’s burden and depression, as 

measured with objective and subjective assessments. However, it is impossible to know 

whether the intervention stabilized the burden (it may have been worse without the 

intervention). More work is needed to understand how to measure the effect of an 

intervention on caregiver burden and depression using both the traditional and novel 

modalities used in this study.

Discussion/Conclusion

This report highlights a novel method to collect objective measures related to caregiver 

activities and how this could be combined with an intervention aimed at reducing caregiver 

burden. Multiple health and functional outcome measures, including activity level and sleep 

behavior were monitored longitudinally in both a caregiver and her spouse with AD. These 

measures were collected unobtrusively. The validated objective outcome measures have the 

potential to quantifiably measure changes in time and effort spent on caregiving activities 

that may occur as the result of an intervention such as Tele-STAR. A composite group of 

objective measures found to be correlated with subjective measures of caregiver burden 

could provide evidence of effectiveness in a caregiver intervention study. This approach 

could increase the precision to detect changes and has previously been used to improve the 

prediction of a transition to higher levels of care in individuals with cognitive impairment 

[30].

There are multiple potential benefits to using home-based monitoring. The continuous and 

high-frequency data collection where multiple data points are collected daily provides the 

ability to detect subtle changes over time, allowing for more precise assessments. The 

assessments are longitudinal and constant. Systems could be installed prior to an 

intervention to determine a baseline of caregiving activities. During an intervention, 

reductions in objective caregiver activities that correlate with higher levels of burden would 

help determine mechanisms of action and effectiveness. Additionally, any sustained benefits 

of the intervention could be assessed for months afterward.

The technology employed in the system is ambient and unobtrusive and therefore less likely 

to contribute additional caregiver stress or burden. It could decrease the need for caregivers 

to complete extensive self-report surveys that can be time-consuming. Caregiver tools that 

can provide more frequent and longitudinal assessments, such as caregiver diaries, can be 

subject to respondent fatigue over longer periods and an extra source of stress for some 

caregivers [31]. Further, unobtrusive monitoring removes reliance on caregivers to return 

surveys. Response rates to mailed surveys, and efforts to encourage return are time 

consuming and expensive [32]. Unobtrusive monitoring eliminates challenges associated 

with response rates.

The EVALUATE-AD and Tele-STAR projects highlight the potential for using technology 

(home-based sensors and telehealth) to reach populations that are traditionally less able to 
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participate in research studies. Taking the data collection and intervention to the 

participant’s home could be especially beneficial for caregivers of individuals with ADRD, 

whose caregiver duties and higher levels of burden can impair their ability to attend frequent 

study visits. These methods could also facilitate participation of individuals in more remote 

areas that are not within close travel distance to a research facility [33]. Currently, the 

development of objective measures of time and effort related to caregiving tasks is in the 

pilot stage. Data from the EVALUATE-AD study will provide information on the feasibility 

of collecting these measures and information on which measures best predict subjective 

caregiver burden. Comparison of continuous measures to self-reported questionnaires will be 

performed using a method described in previous studies [34, 35]. The goal is to create a 

multidomain model of time and effort spent on caregiving activities that differentiates 

between high and low levels of caregiver burden (Fig. 4).

Home-based monitoring systems in caregiver research also have potential limitations. The 

deployment of these systems requires acceptance of installing technology in the home and 

compliance with wearing an activity-monitoring wristwatch. Individuals may be hesitant to 

participate due to privacy and security concerns. However, focus group research indicates 

that these concerns are secondary to the desire to maintain independence and health, and are 

less of a concern if proper security measures are in place [36]. Participants need to have a 

reliable, broadband Internet connection for transmission of the data, which is less common 

in rural areas. Finally, technical issues related to data collection can arise using an ambient 

computing system. This requires that systems have methods to inform the research team 

when sensors fail, or data collection does not occur as expected, to ensure any issues are 

quickly corrected to avoid loss of data.

In summary, our case study reveals that there is potential to evaluate the effect of an 

intervention on caregiver burden using ambient home monitoring. While we do not suggest 

that objective caregiver outcome measures would completely replace subjective measures, 

their addition could improve the precision of detecting changes in caregiving activities and 

burden. Future work is needed to assess how these two assessment methods can complement 

each other to better predict the effectiveness of new interventions.
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Fig. 1. 
Components of the home-based computing and sensing platform.
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Fig. 2. 
Daily total number of steps during their enrolment in EVALUATE-AD for the caregiver (red 

X) and her partner with AD (black circles). Daily step count is taken directly from the daily 

total calculated by the Withings Steel wristwatch.
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Fig. 3. 
Total sleep time for each night during their enrolment in EVALUATE-AD for the caregiver 

(red X) and her partner with AD (black circles). Total sleep time is calculated from sleep 

data collected by the Withings Steel wristwatch.
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Fig. 4. 
Composite model of digital biomarkers showing potential domains associated with the 

degree of caregiver burden. Values in the figure represent odds ratios, with low burden 

values normalized to 1.0.
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Table 1.

EVALUATE-AD caregiver study assessments and sensor-derived measures

Week 0 13 26 39 52 65 78

Visit type:
Screening

visit Online Online Online
Month

12 Online
Month

18

Consent X

Personal & Family History Questionnaire X X X

MMSE X X X

ISAAC Technology Use Survey X X X

Technology & Computer Experience and Proficiency 
Questionnaires X X

Geriatric Depression Scale Short Form (GDS-SF) X X X

Zarit Burden Interview (ZBI-12) X X X X X X X

Functional Assessment Questionnaire (FAQ) X X X X X X X

Neuropsychiatric Inventory Questionnaire (NPI-Q) X X X X X X X

Pittsburgh Sleep Quality Assessment (PSQA) X X X

ORCATECH Health & Life Activity Form On-line self-report: 
ER, doctor, hospital visits, home visitors, mood, pain, 
loneliness, falls, injuries, change in home space, home 
assistance received, change in medications

Weekly for duration of study

Caregiving: Time out of home/Time alone in home/Time in 
same room with partner/Time apart in different rooms Assessed continuously

Physical capacity/Mobility: Total daily activity/Mobility/Step 
count/Walking speed/Time in different rooms Assessed continuously

Sleep: Time up/Time in Bed/Times Up at Night/Sleep Latency/
Sleep Duration Assessed daily

Cognitive functions: Time to complete on-line tasks (e.g., 
weekly online self-report survey), number of computer sessions Assessed continuously

Physiologic Health: Daily BMI, pulse Assessed daily
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Table 2.

Subjective outcome measures from EVALUATE-AD caregiver study and Tele-STAR

Outcome Measure Outcome Measure Score

EVALUATE-AD 7/17/2017 10/18/2017 1/24/2018 4/18/2018

FAQ 22 28 29 30

NPI 6 7 12 8

ZBI-12 19 20 23 20

TeleSTAR 11/8/2017 12/17/2017 1/24/2018 4/9/2018

RMBPC Reactivity 18 17 26

ZBI-4 9 9 9 10

CESD 9 4 8 4

FAQ, Functional Activities Questionnaire; NPI, Neuropsychiatric Inventory; ZBI-12, Zarit Burden Interview, 12 items; RMBPC, Revised Memory 
and Behavior Problems Checklist; ZBI-4, Zarit Burden Interview, 4 items; CESD, Center for Epidemiologic Studies Depression.
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