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Abstract
Aim: The aim of this study is to develop a Smarthealth system of monitoring, model-
ling, and interactive recommendation solutions (for caregivers) for in- home dementia 
patient care that focuses on caregiver– patient relationships.
Design: This descriptive study employs a single- group, non- randomized trial to exam-
ine functionality, effectiveness, feasibility, and acceptability of the novel Smarthealth 
system.
Methods: Thirty persons with Alzheimer's Disease or related dementia and their fam-
ily caregivers (N = 30 dyads) will receive and install Smarthealth technology in their 
home. There will be a 1- month observation phase for collecting baseline mood states 
and a 2- month implementation phase when caregivers will receive stress management 
techniques for each detected, negative mood state. Caregivers will report technique 
implementation and usefulness, sent via Ecological Momentary Assessment system to 
the study- provided smartphone. Caregivers will provide daily, self- reported mood and 
health ratings. Instruments measuring caregiver assessment of disruptive behaviours 
and their effect on caregivers; caregiver depressive symptoms, anxiety and stress; 
caregiver strain; and family functioning will be completed at baseline and 3 months. 
The study received funding in 2018 and ethics board approval in 2019.
Discussion: This study will develop and test novel in- home technology to improve 
family caregiving relationships. Results from this study will help develop and improve 
the Smarthealth recommendation system and determine its usefulness, feasibility, 
and acceptability for persons with dementia and their family caregiver.
Impact: The Smarthealth technology discussed will provide in- home stress reduction 
resources at a time when older adults may be experiencing increasingly high rates of 
isolation and anxiety and caregiver dyads may be experiencing high levels of relation-
ship strain.
Trial Registration: This study was registered with Clinical Trials.gov (Identifier 
NCT04536701).
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1  |  INTRODUC TION

More than three quarters of persons with Alzheimer's disease or a 
related dementia (ADRD) are cared for in their homes (Alzheimer’s 
Association, 2016). Informal caregivers, often family members, bear 
a large burden of in- home care for persons with ADRD and many of 
these family caregivers experience higher levels of stress associated 
with poorer health outcomes for both the caregiver and the person 
with ADRD, often resulting in higher rates of institutionalization (Stall 
et al., 2019). Smarthealth technologies allow researchers to meet care-
givers and persons with ADRD in their home environment and provide 
stress- management resources in real time. The goal of the current study 
is to develop a monitoring, modelling, and interactive recommendation 
solution for in- home dementia patient care to detect caregiver– patient 
relationship strain and provide mindfulness- based stress management 
tools. This study will use a novel Smarthealth acoustic monitoring tech-
nology and online learning recommendation system to identify mood 
states and provide mindfulness- based stress management tools (e.g., 
taking a time out, performing deep breathing exercises, performing a 
mindful body scan, and engaging loved ones in pleasurable activities) 
to family caregivers.

2  |  BACKGROUND

Poor interactions between patient and caregiver increase the difficulty 
of providing care: when reactivity is heightened, a stress response en-
sues, and a downward cascade of maladaptive behaviours and emo-
tions is elicited. While family caregivers report many positive aspects 
of their caregiving experience (Yu et al., 2018), caregivers also report 
anxiety and depression and many forego their own health needs as the 
demands of being a family caregiver are sustained over many years 
(Schulz et al., 2006; Schulz & Martire, 2004). Behavioural responses 
to stress, as exhibited through problematic behaviours in persons with 
ADRD, have been linked to higher levels of caregiver stress (Davis 
et al., 1997; Sink et al., 2006). Now, amid a historic pandemic (Cucinotta 
& Vanelli, 2020; Ghebreyesus, 2020), stressors experienced by family 
caregivers have been compounded by increasing isolation, anxiety, and 
suicidal ideation (Czeisler et al., 2020) and lack of community- based 
services, such as adult day care, as a result of the pandemic and the 
mandate for social distancing to prevent spread of COVID- 19.

2.1  |  Smarthealth technologies

In- home monitoring systems, a form of Smarthealth technolo-
gies (Becker et al., 2008; Helal et al., 2005; Intille et al., 2005; 
Kientz et al., 2008; Ko et al., 2010; Papangelis et al., 2011; Rantz 

et al., 2012; Skubic et al., 2009), have been recently developed as a 
solution to facilitate in- home dementia family care. These systems 
have the potential to reduce the dependence on outside, paid per-
sonnel for in- home care and enable real- time monitoring with low 
cost. Current systems developed for in- home monitoring systems 
focus more on tracking patients’ behaviour, but one important factor 
in in- home monitoring— the relational dynamics between the person 
with ADRD and caregivers— is understudied.

Pre- existing family characteristics can be either protective or 
aggravating for the caregiver's experience of providing care (Fisher 
& Lieberman, 1996; Kriegsman et al., 1994). Caregivers who report 
lower family functioning also report greater strain and feelings of 
burden (Heru & Ryan, 2006; Heru et al., 2004). Family qualities that 
increase caregiver's sense of strain include unresolved problems 
(Teusink & Mahier, 1984), decreased intimacy (Morris et al., 1988), 
and higher criticism of the patient (Gilhooly & Whittick, 1989). On 
the other hand, families who develop more adaptive skills, such as 
mutual acceptance and seeing the person as separate from the ill-
ness, report less strain (Mannion, 1996). Thus, the “stress process 
model” (Lawrence et al., 1998) of family relationships suggests that 
the quality of the relationship between the caregiver and patient 
can modify the effects of the illness so that a good relationship can 
ameliorate and a distressed relationship can exacerbate the stressful 
effects of the patient's illness (Heru & Ryan, 2006). It appears that 
caregiving relationships characterized by poor communication, im-
paired problem- solving skills, and low affective involvement creates 
caregiver burden; thus, these deficits are important targets for im-
provement (Heru et al., 2004).

2.1.1  |  Acoustic monitoring and mood state 
recognition

Many attempts have been made to detect a speaker's mood via 
audio using machine learning (Altun & Polat, 2007; Barros & 
Wermter, 2016; Danisman & Alpkocak, 2008; Noroozi et al., 2017). 
These solutions use audio clips that are trained on published data-
sets of emotional speech by actors (Cao et al., 2014; Dupuis & 
Pichora- Fuller, 2010; Haq & Jackson, 2011; S. Lee et al., 2005; 
Livingstone & Russo, 2018). The clips are collected from laboratories 
or studios with high- end acoustic equipment to ensure the highest 
quality of the voice. Despite achieving high accuracy when tested, 
most of the techniques are not suited to be deployed in homes of 
caregiver– patient dyads because the testing does not consider real-
istic complications. In particular, voice samples in homes are subject 
to reverberation, background noise, and deamplification.

Apart from these complications, another major challenge is 
getting samples of all possible human emotions to train a machine 
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learning model, which is impossible. The datasets on which many of 
the techniques are developed consist of only a subset of the common 
emotions, such as happiness, anger, neutrality, sadness, disgust, fear, 
and calmness. In real deployments, it is necessary to account for how 
other emotions affect the accuracy of detecting the ones of interest.

Our acoustic monitoring and mood state recognition address 
these challenges. The realistic issues are addressed in our solu-
tion by subjecting the original samples from the datasets (Cao 
et al., 2014; Dupuis & Pichora- Fuller, 2010; Haq & Jackson, 2011; 
S. Lee et al., 2005; Livingstone & Russo, 2018) to a process of 
sound deterioration to emulate reverberation, noise, and deam-
plification. Copies of the original samples are retained and com-
bined with the modified samples in the training, ensuring that the 
model has knowledge of both pristine, high- quality audio samples 
and audio samples influenced by the effects of reverberation, 
background noise, and deamplification. As a result, our model, a 
convolutional neural network (CNN) classifier detects happiness, 
anger, neutrality, sadness, and is suitable for deployment in home 
environments.

To handle the issue that other emotions not of interest might 
exist, we will employ the technique of out- of- distribution (OOD) de-
tection (Lee et al., 2018). This technique recognizes audio samples 
that do not resemble the training samples and prevents them from 
being classified, under the assumption that the representation of, 
for example, fearful speech, which is not of interest differs signifi-
cantly from the representations of happiness, anger, neutrality, and 
sadness which are of interest. Consequently, when a model trained 
on a subset of emotions encounter samples that do not belong to 
any of the classes in the training data, the OOD technique rejects 
the samples.

2.1.2  |  Intelligent recommender system

The use context of in- home monitoring systems is dynamic; to in-
crease the utility of a system's generated recommendations and the 
end users' acceptance of the recommendations, it is important that 
the system models the context (e.g., whether the caregiver is in a 
good mood or high stress level and whether he/she has taken the 
system's previous recommendations). Therefore, we take a holistic 
view of a caregiver's interaction history with the system and all avail-
able observations about his/her current behaviours to decide the 
next optimal action for recommendation, via a contextual bandit al-
gorithm (Li, Chu, Langford, & Schapire, 2010).

2.2  |  Incorporation of stakeholder needs

Focus groups were conducted with family caregivers of ADRD 
patients to assess attitudes towards an in- home vocal monitor-
ing system. Support groups for ADRD family caregivers were 
contacted and three support groups agreed to participate. Nine 
caregivers shared their experiences with caregiving- related stress 

and provided input on the monitoring system. Notable themes in-
cluded difficulty in relationships with their care recipients, a de-
sire to receive encouraging words from the system and privacy 
concerns.

Caregivers disclosed that loved ones’ dementia- related be-
haviours can produce strain in their relationship with the care recip-
ient. Describing feelings of exasperation about repetitive behaviour, 
one participant said, “It's the same five questions … it's constant, it 
is all day long and that's my struggle.” Participants acknowledged 
difficulty implementing self- regulation strategies during frustrating 
interactions, which reinforces the potential utility of the proposed 
system.

Several caregivers expressed a desire for the system to de-
liver encouraging words and not only reminders of self- regulation 
strategies. One caregiver expressed she would prefer, “…some kind 
of reminder of, ‘Hey, you're doing okay,’ rather than, ‘Do this.’ It's 
sort of like you're handling this very well.” Another caregiver said, 
“[Encouragement] would be helpful to me, because I’m so down on 
everything I’m doing, thinking I’m doing everything wrong.” These 
insights inspired the development of new tools within the recom-
mendation system to address the issue of guilt around caregiver self- 
care and to provide a source of encouragement alongside tips and 
tricks to employ.

Finally, various caregivers spoke differently about whether 
a monitoring system would create privacy concerns. Some care-
givers expressed significant concerns, saying, “It's too invasive!” 
and, “I don't know how to address the problem of feeling like 
you're under surveillance.” Other caregivers did not hesitate to 
embrace the idea: “And you know, you've got that front doorbell 
thing now, you've got Alexa, there's so many things. What's an-
other?” These remarks indicated that recruitment materials should 
clearly describe all measures being taken to protect participants’ 
privacy throughout the study. Privacy- related discomfort may be 
a significant barrier for some prospective participants and there-
fore the proposed system might not be an optimal solution for all 
caregivers.

Evidence supporting the presence of caregiving burden iden-
tified gaps in stress reduction programming for caregivers of per-
sons with dementia, improvements in technologies that can allow 
in- home delivery of such programs, and participant insights about 
acceptability of technologies derived from focus groups with family 
caregivers have all contributed to the development of this study's 
research questions. To address these identified gaps and advance-
ments, this study will develop and deploy a Smarthealth system using 
acoustic monitoring and intelligent recommendations to improve 
positive caregiver emotional regulation and caregiving relationships. 
We aim to answer the following research questions: (1) With what 
level of functionality and accuracy can we identify patient– caregiver 
conflict/mood states and deliver appropriate mindfulness- based 
stress management techniques using an in- home acoustic monitor-
ing and intelligent recommendation system? (2) How effective are 
mindfulness- based stress management techniques and encouraging 
words, delivered via an in- home Smarthealth system, at reducing 
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caregiver strain, stress, loneliness, depressive symptoms, and anx-
iety; and improving the caregiving relationship and caregiver self- 
rated health?

3  |  METHODS

3.1  |  Aims

The aims of this study are to (1) develop and deploy a functional, in- 
home Smarthealth acoustic monitoring and intelligent recommenda-
tion system to identify patient– caregiver conflict and provide stress 
management techniques in real time; (2) determine the feasibility 
and acceptability of this system with a population of persons with 
dementia and their family caregiver and identify areas for system 
modification and improvement; and (3) measure system efficacy to 
reduce caregiver strain, stress, loneliness, depressive symptoms, and 
anxiety and improve caregiving relationships and caregiver emo-
tional health.

3.2  |  Study design

The 3- month, single group, descriptive, feasibility study includes 
1 month of baseline data collection on caregiver– patient relation-
ship functioning and participant mood states. Subsequently, re-
searchers will test the effectiveness of the mood state recognition 
and intelligent mindfulness- based recommendation system in reduc-
ing caregiver stress levels over a 3- month period. Monitoring emo-
tional reactivity between patient and caregiver could signal when 
problematic interactions might be occurring. Just- in- time or even 
predictive recommendations in those moments could improve these 
interactions and reduce strain on caregivers.

3.3  |  Sample

The study sample will be drawn from eligible patients receiving 
treatment from a memory clinic at a university academic hospital 
system in the Midwest. Inclusion criteria for persons with demen-
tia include: 1) Females or males; 2) age 60– 90 years; 3) physician 
documentation of dementia: Alzheimer's disease, vascular, mixed, 
or unspecified type; 4) community dwelling (living in the home); 
and 5) fluent in English. The inclusion criteria for family caregiv-
ers are as follows: 1) age 21 years or older; 2) informal, unpaid 
caregiver who resides with the care recipient; 3) fluent in English; 
4) functioning home Wifi; and 5) scoring above a 3 on the Revised 
Memory and Behavior Problems Checklist, a clinical cut- off point 
used to determine caregiver stress (Burgio et al., 2003). Exclusion 
criteria for persons with dementia include: 1) presence of acute 
illness; 2) alcohol abuse or dependence within the past 2 years 
(DSM- IV criteria); or 3) history of significant psychiatric illness 
(e.g., schizophrenia).

3.4  |  Data collection

3.4.1  |  Equipment and procedures

Enrolled participants will identify one or more common rooms 
in their home for placement and installation of the laptop 
computer(s), microphone(s), and network router (See Figure 1 for 
set- up details). Study personnel will encourage placement in a 
room or rooms where frequent interactions between persons with 
dementia and the family caregiver occur. Participants will be given 
a smartphone to receive stress management tips and send survey 
feedback to the study team and intelligent recommender system. 
Participants will complete questionnaires at baseline and after the 
3- month monitoring period. Additionally, participants will com-
plete an acceptability and feasibility interview at the conclusion 
of the study. Participants are expected to engage in four study 
visits lasting approximately 30– 90 min. On completion of screen-
ing, enrolment, and the verbal consenting process via telephone, 
participants will schedule an initial study visit. A list of activities 
for each study visit is provided below:

1. Visit 1: Obtain written informed consent; collect baseline study 
data; install the acoustic monitor (microphone(s)) and accom-
panying laptop computer(s) in the participant's home; provide 
study smartphone to participants for receiving recommendations 
and providing feedback to the study team through daily and 
weekly surveys; provide written and verbal instructions on the 
use of the acoustic monitoring and the smartphone; establish 
an emergency plan formulated with the family caregiver to 
further reinforce that the study is not a substitute for seeking 
medical care for themselves or for their loved one with ADRD 
in the event of an emergency

2. Visit 2 (Between 2 weeks and 1 month)): provide training on 
mindfulness- based stress management tools, provide training on 
use of the study smartphone to receive stress management rec-
ommendations, and respond to all follow- up surveys

3. Visit 3: Reinforce all aspects of the study protocol to ensure car-
egiver understanding of study procedures.

4. Visit 4 (End of Month 3): Collect end of study measures, collect all 
study equipment, conduct feasibility, and acceptability interviews 
with participants.

5. Participants will receive a modest financial incentive for comple-
tion of study visits.

3.4.2  |  Measures

Demographic data will be collected at baseline. Cognitive status of 
the person with ADRD will be measured by the Modified Mini- Mental 
State test (Teng & Chui, 1987) and the Self- administered Gerocognitive 
Examination (Scharre et al., 2010). To measure caregiver mood and emo-
tional reactivity at baseline and 3 months, we will use the Depression 
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    |  2523ROSE Et al.

Anxiety Stress Scale (DASS; Parkitny & McAuley, 2010), the Revised 
Memory and Behavior Problems Checklist (Teri et al., 1992), and the 
Caregiver Strain Index (Thornton & Travis, 2003).

Participants will also respond to questions posed via an Ecological 
Momentary Assessment system. During month 1 of baseline data col-
lection, when the system identifies a mood state (happy, calm, neutral, 
sad, angry), a binary yes or no question will be sent to the study smart-
phone. The question will indicate a mood state that has been detected 
and ask whether the system correctly identified the participant's mood 
at that time. For the entire 3- month study period, caregivers will also 
respond to a series of Likert scales each evening. These Likert scales 
will ask the caregiver to rate their stress, loneliness, physical health, 
and emotional health on a scale from 0 to 10. During the 2- month rec-
ommendation period, caregivers will also respond to questions regard-
ing implementation of and effectiveness of the recommended stress 
management technique 30– 60 min after receipt of a recommendation.

3.4.3  |  Stress management recommendations and 
encouraging words

To deliver the stress management recommendations and encourag-
ing words, we will use an Ecological Momentary Assessment (EMA) 

system that was developed at University of Southern California 
(University of Southern California, 2020). The EMA will be installed 
on a workstation deployed in the patient homes, which connects the 
acoustic monitoring system, the rule- based recommendation sys-
tem, and an EMA app on a smartphone to send recommendation 
messages to caregivers.

Encouraging words will be delivered each morning during the 
2- month recommendation period. These messages will include a 
prompt to reflect on the positive aspects of caregiving and provide 
reminders in the form of encouraging words. The positive aspects of 
caregiving are based on Yu et al.’s (2018) work and are categorized 
into five categories— general encouragement, sense of personal ac-
complishment and gratification, feelings of mutuality in a dyadic re-
lationship, increase in family cohesion and functionality, and sense 
of personal growth and purpose in life. Inclusion of encouraging 
words is the direct result of feedback provided by caregivers during 
focus groups.

Stress management recommendations will be sent throughout 
the day when a negative mood state is detected by the acoustic mon-
itoring system. Caregivers are expected to implement the recom-
mendation within 30– 60 min of receiving the EMA message. Thirty 
to 60 min after the caregiver receives the recommendation message, 
the EMA system will send a survey question to collect caregiver 

F I G U R E  1  Study equipment function and procedural use. This figure provides an overview of smarthealth technology system. EMA, 
ecological momentary assessment [Colour figure can be viewed at wileyonlinelibrary.com]
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feedback on the effectiveness of the recommendation, such as “On 
a scale from 1– 10 how helpful was the stress management tip?” This 
feedback is sent to the recommendation system to estimate the ef-
fectiveness of each generated recommendations, with a goal to keep 
improving effectiveness for future recommendations.

We will provide family caregivers with an instructional hand-
out and brief training on four stress management techniques: (1) 
emotion regulation and (2) time- out techniques (Epstein & Baucom, 
2002; Gordon et al., 2018), as well as (3) brief mindfulness training 
(Lenger, 2020) and (4) environment modification techniques to in-
crease emotional acceptance (Khaddouma et al., 2017), before the 
deployment of the system. Strategies will also be reinforced through-
out the study period. Caregivers will also be referred to the UCLA 
Mindful Awareness Center to practice these exercises. Randomized 
control trials indicate that brief psychoeducation on mindfulness and 
self- guided practice using online exercises significantly reduce de-
pression and anxiety (Cavanagh et al., 2013, 2018) and a brief inter-
vention involving training in mindfulness and ecological momentary 
assessment strategies, which is similar to this project's methodology, 
significantly increased mindfulness skills (Ruscio et al., 2016). These 
techniques will be adapted over time based on monitored data from 
the system and what we learn from our deployments.

The first category of recommendations, breathing awareness, is 
an effective and brief strategy to reduce physiological and emotional 
arousal both in non- clinical and clinical populations (Barlow, 2014; 
Lloyd et al., 2000). The second category, a brief time- out from the 
interaction has been demonstrated in multiple studies on dyadic 
interactions to be effective in ameliorating problematic exchanges 
and reducing emotional reactivity (Epstein & Baucom, 2002; 
Gordon et al., 2018). The third category, a brief mindfulness exer-
cise, focuses on non- judgment and acceptance. Mindfulness strat-
egies have been shown to reduce stress in caregiver populations 
(Lindsay et al., 2018; Slatyer et al., 2018), be an effective technique 
in reducing emotional dysregulation in dyadic conflict (Khaddouma 
et al., 2017), and reduce emotional reactivity and improve communi-
cation in more general studies (Jones & Hansen, 2015; Khaddouma 
& Gordon, 2018; Lenger et al., 2017; Lindsay et al., 2018; Steffen & 
Larson, 2015).

The fourth category— aligned with the “Savvy Caregiver” pro-
gram— is based on recommendations to modify the environment 
and engage persons with dementia in a pleasurable activity. The 
“Savvy Caregiver” program is a product of our study consultant, Dr. 
Kenneth Hepburn (Hepburn et al., 2006, 2007; Ostwald et al., 1999), 
and based on addressing unmet needs and on aligning caregiver ex-
pectations with the abilities of the person with ADRD. Caregivers 
will be provided information regarding the need to address poten-
tially unmet basic care the recipient needs, such as toileting and 
hunger, and will be asked to identify three or four pleasant activities 
they could engage their loved one with ADRD in if they become agi-
tated, restless, or disengaged. Examples of this include taking a walk, 
looking at photo albums together, gardening, listening to pleasurable 
music together, etc. These activities are tailored to the particular in-
terests of the participants. Individualized, social activities are found 

to be efficacious and cost- effective in redirecting a person with 
ADRD and to decreasing disruptive behaviours (Gitlin et al., 2010; 
Hulme et al., 2010; Yaffe & Hoang, 2013).

3.5  |  Ethical considerations

Institutional Review Board approval (IRB#2019B0406) was received 
for this study protocol and the study was listed on ClinicalTrials.gov 
(Identifier NCT04536701).

3.6  |  Data analysis

Descriptive statistics will be used to identify changes in levels of car-
egiver depression, anxiety, and stress; caregiver strain; and family 
functioning at baseline and post- intervention. Repeated measures 
of caregiver stress, loneliness, and physical and emotional health will 
be analysed for longitudinal changes over the course of the study 
period. Data from daily surveys about recommendation implemen-
tation and effectiveness and a structured qualitative interview with 
study participants at the end of the 3- month period will be analysed 
to determine feasibility and acceptability of the Smarthealth system 
and stress management techniques.

3.7  |  Validity and reliability

Trained graduate research assistants will train study participants on 
use of the Smarthealth system and each of the four mindfulness- 
based stress management techniques using a standardized training 
manual to ensure intervention fidelity. The training manual was de-
veloped by experts in mindfulness- based therapy techniques and 
reviewed for diverse cultural inclusivity and competency. The study 
team will also engage in periodic review of study procedures and 
re- training (as needed) with study participants over the course of 
the study. Study instruments have confirmed reliability, validity, and 
sensitivity (Parkitny & McAuley, 2010; Scharre et al., 2010; Teng & 
Chui, 1987; Teri et al., 1992; Thornton & Travis, 2003).

4  |  DISCUSSION

The strain of keeping a family member with ADRD safe at home can 
create a significant and costly burden on caregivers. The relationship 
quality between the family caregiver and the person with ADRD is 
an integral characteristic that may influence the course of maintain-
ing a loved one with dementia in their home environment. Although 
difficult family interactions can increase caregiving stress and bur-
den, careful moment- to- moment study of such interactions and their 
impact on caregiver functioning has yet to be examined.

One healthcare challenge is to better understand how these daily 
interactions affect mood and stress and to understand what kinds 
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of responses can ameliorate these problems as they are occurring. 
Current efforts to reduce caregiver anxiety and burden tend to be 
long and resource heavy, thus researchers are calling for briefer and 
more portable stress and mood management strategies that could 
be integrated into existing primary care services and more likely to 
be used by recipients (Brown et al., 2016; Shepardson, Funderburk, 
& Weisberg, 2016). The proposed solution is to employ in- home 
technologies (smart phones, microphones, machine learning, and 
textual feedback) to monitor, model, and then suggest (adaptive) 
recommendations for the caregivers.

Development of the study protocol occurred through leverage 
of interdisciplinary expertise and problem solving in the fields of 
gerontologic nursing, relationship psychology and counselling, and 
computer science engineering. The three disciplinary perspectives 
created a novel protocol that addresses urgent needs of the ADRD 
caregiving population at a time when in- home programming may be 
becoming the preferred mode of delivery for caregiver support.

4.1  |  Modifications related to COVID- 19

Protocol refinement coincided with the start of the Coronavirus 
Disease 2019 (COVID- 19) pandemic (Cucinotta & Vanelli, 2020) 
that reduced researchers’ abilities to safely conduct in- person 
research activities. Thus, important considerations for the imple-
mentation of post- pandemic research and programming for older 
adults were considered. In response to COVID- 19, previously 
planned home visits were converted into virtual meetings with 
participants. As such, the option to perform participant training 
and data collection via Zoom video call or telephone was included 
in the study design and step- by- step equipment installation guides 
will be included in packaged study equipment, to be delivered or 
dropped off at participant homes. These steps decrease the need 
for study personnel to enter participant homes. The consenting 
process will occur using ‘contact- free’ techniques via telephone or 
Zoom and the research team will obtain either verbal, written –  
delivered with study equipment – , or virtual consent via REDCap 
(Harris et al., 2009, 2019).

In response to the COVID- 19 pandemic, further infection pre-
vention and control measures have been implemented to protect 
the health and well- being of the participant population. Efforts 
have been made to limit in- person contact with participants. Visits 
1 through 4 will be conducted either in- person or virtually and par-
ticipants will have the option to place study equipment outside their 
home for retrieval by study personnel. These additional precautions 
will continue until widespread vaccination and immunization of the 
general public has occurred. When in- person contact is unavoid-
able research personnel will adhere to current Centers for Disease 
Control and university- approved procedures for contact during re-
search activities. Efforts to provide in- home services for caregivers 
have become increasingly important during COVID- 19. Protocol 
modifications will allow the study team to offer these services vir-
tually. These modifications may increase scalability of the study 

methods for widespread implementation and uptake of the study 
at a time when the study population is at an increased risk for social 
isolation, stress, and relationship strain. Furthermore, the decision 
to convert into virtual study activities will allow our research team 
to reach a vulnerable population at a time of increased isolation and 
provide tools to reduce stress and caregiver strain at a time of high 
anxiety and fear.

4.2  |  Limitations

This study has several limitations in terms of attrition and the study 
procedure. First, the study population may be limited because of 
difficulty in using the technological devices and potential invasion 
of privacy issues. In addition, caregivers participating in this study 
may experience burden as a result of the need to keep the study 
phone with them throughout the day. These possibilities may cause 
an increase in the drop- out rate among eligible dementia caregivers 
in this study.

To reduce these concerns, we intend to provide participants with 
detailed training and training manuals about device set- up and use. 
Efforts to protect their privacy have been incorporated, including 
letting participants choose where study equipment will be placed in 
their home and opting to collect audio data only. Based on feedback 
from study participants, the study team may also provide a belt clip 
for the study phone in an attempt to reduce participant burden. The 
mindfulness- based intervention provided by the Smarthealth system 
will help improve dementia caregivers' emotional distress and pres-
ents little to no harm, therefore there is little potential of attrition 
bias related to the stress management intervention. Recruitment will 
be performed at a single clinical site; limiting the study sample to in-
dividuals who are current patients of the clinic. The participant pool 
may not necessarily represent a broader population, such as those 
with limited access to university- level care, which may limit general-
izability of study findings.

This study will have no comparator group, which may limit our 
ability to quantify and compare the effects of the Smarthealth sys-
tem delivery and the mindfulness- based stress management train-
ing provided at the beginning of the study. To address this potential 
limitation, we have incorporated 1 month of baseline data collection 
to measure caregiver stress, loneliness, and physical and emotional 
health prior the caregivers receiving training on mindfulness- based 
stress management techniques. Another limitation is that current 
emotion classification data does not allow for system training of 
every possible human emotion. Although this novel technology has 
established state- of- the- art algorithms that can identify and cate-
gorize certain caregiver emotions, they are not able to detect cer-
tain complex feelings, such as despair or shamefulness. Therefore, 
additional development of emotion recognition technology is still 
needed.

Biological measures, such as salivary cortisol level, are not mea-
sured in this study. Although self- reported scales used in this study 
are validated and reliable, the importance of biological measures 
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in examining stress cannot be excluded. Therefore, future studies 
should use both biological and self- reported outcome measures.

Moreover, the COVID- 19 pandemic necessitated multiple sig-
nificant changes to study procedures to convert from in- person to 
virtual delivery, which may affect this study population of older 
adults more so than potentially less technologically naive popula-
tions. These unanticipated changes may make it more difficult to 
maintain consistent communication with participants, ensure the 
Smarthealth system is installed correctly, and provide participant 
training.

5  |  CONCLUSION

Family caregivers of persons with ADRD experience adverse health 
outcomes related to caregiver burden and increased stress. This 
study aims to develop and implement in- home smarthealth tech-
nology that will provide real- time conflict and stress management 
via delivery of mindfulness- based stress management techniques. 
Findings from this study will provide valuable feasibility data for 
this novel Smarthealth technology and will provide insight on the 
potential ability of continuous stress management to reduce car-
egiver stress and loneliness and improve health outcomes. Data 
from this study will support future research on long- term, caregiver 
health outcomes. This novel study will provide meaningful findings 
related to the role of in- home Smarthealth technology in reducing 
caregiver stress and provide a crucial tool for caregivers during a 
pandemic that has isolated individuals and increased caregiver strain 
and stress.
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