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Enhancing Dementia Care  
Through Digital Health

ABSTRACT
Dementia is a debilitating and progressive medical condition that is increasing in prev-

alence due to aging populations worldwide. Although there is currently no medical 

cure for dementia, there is a great need to improve the care and support provided 

to persons with dementia (PWD) and their caregivers. PWD are among the highest 

utilizers of healthcare services, but much of this utilization could be avoided through 

improved preventive care. Digital health technologies are rapidly growing in develop-

ment, but their utility in dementia care has yet to be explored in depth. In this article, 

we identify specific areas of dementia care and propose ways in which digital health 

technologies can provide needed support to PWD and their caregivers, enabling 

them to live independently and avoid unnecessary hospitalizations. Despite barriers 

to adoption, we believe the integration of digital health technologies would greatly 

enhance dementia care and improve the lives of PWD and their caregivers.
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Dementia is a debilitating, costly, and growing global epi-
demic affecting patients and their families. Although there 
are many resources dedicated to finding a cure for neurode-

generative diseases, efforts to improve the care given to persons with 
dementia (PWD) and their caregivers fall short. However, there is 
ample opportunity for the adoption and integration of digital health 
technologies to enable healthcare providers and caregivers to address 
remaining gaps in dementia care. Within this article, we identify op-
portunities for the adaptation of existing technologies to address the 
holistic needs of PWD. 

Dementia: Pathophysiology, Epidemiology, and Current Care 
Dementia is not a specific disease, but a general term to describe a 
severe decline in brain function that affects one’s memory, behavior, 
language, judgment, and motor skills. This loss of function results 
from the damage or death of neurons in the brain.1 There are differ-
ent types of dementia, but the most common is Alzheimer disease, 
which accounts for 60% to 70% of all dementia cases.2 At best, a 
few FDA-approved drugs may temporarily improve symptoms, 
but there are currently no pharmacologic interventions to slow or 
cure dementia, an ultimately fatal condition.3 As a result, much of  
dementia care relies on the management of symptoms associated 
with disease progression.

Dementia is most common in adults older than 65 years, and 
the prevalence of dementia increases with age.4 In 2015, there were  
46.8 million people worldwide living with dementia, and this num-
ber is predicted to double every 20 years, with the largest growth 
projected to occur in countries with growing elderly populations, 
such as China and India.5
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The current approach to dementia care in the United States fails 
to provide the support that PWD and their caregivers need. Without 
any effective medical cure or treatment, these frail individuals are 
largely neglected in our healthcare system. Consequently, as their 
condition worsens, poor management causes PWD to become some 
of the highest utilizers of healthcare services. PWD have, on aver-
age, 60% longer stays in the hospital6 and are about 10 times more 
likely to be placed in a nursing home than people without demen-
tia.7 These differences in healthcare utilization are most prominent 
in community-residing individuals. Studies indicate that communi-
ty-residing individuals with dementia are more likely to have a pre-
ventable hospitalization or emergency department visit that could 
have been avoided through better preventive and primary care.8

Not only is the progression of dementia difficult for patients 
themselves, but it also takes a tremendous toll on their caregivers. 
Approximately 92% of PWD rely on help from family members or 
other informal caregivers.3 In 2015, caregivers of PWD provided ap-
proximately 18.1 billion hours of unpaid support, with an economic 
value of about $221.3 billion.3 Dementia caregivers provide signifi-
cantly more hours of care9 and are more likely to experience finan-
cial, emotional, and physical difficulties than non-dementia caregiv-
ers.10 Caregiving needs intensify toward the end of the patient’s life, 
a time of heightened stress when caregivers feel they are on duty all 
hours of the day. In fact, a significant number of caregivers express 
relief when their patient with dementia dies.11

There is an acute need, which digital health technologies can 
potentially fulfill, to provide proactive support for PWD and their 
caregivers and prevent unnecessary hospitalizations. We examine 
specific areas of dementia management and emerging and existing 
technologies that have the potential to enhance dementia care. Many 
of the technologies we present were not necessarily designed with 
the patient with dementia in mind. This presents an opportunity for 
digital health companies to adapt their solutions to serve the needs 
of this patient population. 

Fall Prevention and Early Detection
Falls occur in approximately 70% to 80% of elderly PWD,12,13 
which is approximately twice the fall prevalence in those without 
dementia.14 Moreover, PWD are more likely to incur serious injuries 
from falls,14 making falls the leading cause of their hospitalizations.15 
Furthermore, PWD who experience falls are 5 times more likely to 
be institutionalized than PWD who do not experience a fall.16 Thus, 
it is critical to develop interventions to prevent falls from occurring, 
monitor patients, and provide prompt medical response to address 
the situation should a fall occur.

LEGSys and BalanSens. Two of the most common causes of falls are 
gait and balance disturbances.13 Recent technological developments 
enable clinicians to conveniently assess gait and balance in elderly 

patients and take proactive measures to prevent falls. LEGSys and 
BalanSens are portable gait and balance evaluation systems, respec-
tively. Studies have shown that these wearable technologies are vi-
able alternatives to camera-based motion analysis in determining 
center of mass trajectory.17 Whereas camera-based motion analysis 
requires a laboratory setup, LEGSys and BalanSens enable clinicians 
to perform comprehensive gait and balance assessments in virtually 
any space, including a patient’s home, and automatically generate a 
detailed fall risk and balance assessment. With these technologies, 
clinicians can make prompt assessments and recommendations to 
keep patients safe in their home. Other portable motion analysis 
technologies include Physilog and MotionNode. 

QMedic. When falls do occur, it is important to provide emergency 
services promptly. QMedic is a medical alert service worn as a simple 
wristband or pendant with an emergency button that alerts a 24/7 
call center when pressed. A 2-way communication base station allows 
a nurse triage and care management team to communicate with the 
user and determine the appropriate course of action. QMedic also 
detects subtle deviances from the user’s baseline sleep and activity 
levels, at which point the call center is notified to determine whether 
an intervention is needed. QMedic is waterproof and has a battery 
life of 2 years. The simplicity and low maintenance of the device may 
have contributed to the finding that QMedic users are 3 times more 
likely to wear the device 24/7 than users of traditional medical alert 
services.18 GreatCall Lively Wearable is another medical alert service 
that can be connected via Bluetooth to the user’s smartphone. 

Existing wearable technologies, like Apple’s market-leading smart-
watch, have many of the same and some additional technological 
capabilities compared with the QMedic and GreatCall Lively devic-
es. Given its open software development platform and robust App 
Store, the Apple Watch presents new possibilities for software de-
velopers to create innovative solutions for PWD and their caregivers 
using existing, stylish, and stigma-free wearable technologies. For 
example, hardware such as the Apple Watch or the Samsung Gear S3 
can be tailored through the use of apps to address issues such as fall 
prevention and wandering. 

CleverCare. This device is an example of a smartwatch specifically 
configured to help those with dementia and other memory impair-
ments. CleverCare uses Global Positioning System (GPS) and cellu-
lar technology to monitor the user’s location. Medication and task 
reminders can be customized to trigger alerts at appropriate times 
of the day. CleverCare offers a Carer’s Dashboard through which 
caregivers can set important reminders, track their loved one’s loca-
tion and movement, and define “Safety” and “Danger” zones so that 
they can be notified if unwanted movement occurs. Additionally, if 
the user presses and holds any of the buttons on the watch, the user 
will be connected with a 24/7 emergency response call center where 
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a responder will speak to the user through the watch and determine 
the appropriate course of action.

Wandering Prevention
Wandering is a common behavior in PWD which can threaten 
their health and safety. Although there is not one universal defini-
tion for wandering, it generally refers to a frequent, repetitive, and 
disordered locomotive behavior that manifests in lapping, random, 
or pacing patterns, which sometimes results in leaving home and 
getting lost.19 It has been estimated that about 20% of PWD wan-
der.20 However, studies suggest that this prevalence increases in peo-
ple with severe dementia and in community-residing patients with 
dementia.21 Studies have shown that wandering behavior often leads 
to adverse health outcomes, such as injury,22 malnutrition,23 sleep 
disturbance,24 social isolation,25 and earlier institutionalization.26 By 
utilizing digital health technology to closely monitor PWD who are 
prone to wandering, caregivers may help keep their loved ones safe 
while also enabling their independence for as long as possible.

GPS SmartSole. This device is a sole insert for shoes that uses GPS 
and cellular technology to monitor users. It checks the user’s loca-
tion every 10 minutes and updates the location data in an app on 
a caregiver’s smartphone. Caregivers can designate geozones, and 
when the GPS SmartSole enters or exits these geozones, alerts will 
be sent to the caregivers via e-mail or text message. GPS SmartSole 
also offers a “Concierge Monitoring Service,” which, in the case 
of an emergency, can assist caregivers to locate the user and notify 
emergency services. 

SafeWander. This bed exit alarm sensor detects changes in body po-
sition and instantly alerts caregivers when a PWD attempts to leave 
his or her bed. A small sensor securely and discreetly attaches to the 
patient’s clothing, and a Wi-Fi–connected gateway plugged into an 
outlet near the patient’s bed sends an alert to an app on the caregiv-
er’s mobile device whenever a change in body position is detected. 
Caregivers can view a historical log of bed exits and simultaneously 
monitor several SafeWander devices on 1 platform, which may be 
valuable for staff of care facilities. 

Activities of Daily Living 
As dementia progresses, PWD need increasingly more assistance 
with activities of daily living (ADLs), such as grooming, bathing, 
and feeding. PWD, on average, need caregiving assistance with 2 
ADLs and 4 instrumental activities of daily living (IADLs), such as 
shopping, cooking, and managing medications.27 Healthcare tech-
nology has the potential to improve the quality of life of PWD by 
providing assistance with ADLs and IADLs and closely monitoring 
health risk factors, thereby enabling them to live independently for 
as long as possible.

Smart-home devices and platforms. Although not specifically  
designed for dementia care, smart-home devices are powerful tools 
that can enable PWD to live independently in their home for as 
long as possible. Smart-home devices include appliances, lighting, 
air conditioning, and heating that can be controlled remotely using 
wireless technologies and programmed to follow a specific schedule. 
Smart-home devices are typically connected to a central hub that 
is controlled by a smartphone, Web-based dashboard, or mounted 
terminal. Some devices that may be useful for PWD are smart-home 
sensors that can detect whether doors, cabinets, or windows are left 
open. Additionally, water leak, carbon monoxide, and smoke detec-
tors can send alerts if levels deviate from normal. Smart-home de-
vices can enable PWD and their caregivers to monitor and manage 
many of the devices and appliances in their home to help maintain a 
safe environment and prevent accidents. 

Tile. This small Bluetooth tracker attaches to and helps users locate 
important items, such as wallets or house keys, using a smartphone 
app. If the item is within Bluetooth range (50-150 feet), the Tile 
emits a loud tune until the item is located. If the Tile is not within 
range, a map in the Tile app will show where the item was last detect-
ed. Users can also use Tile’s crowd-sourcing feature to help locate the 
item. In addition to Tile, there are other Bluetooth trackers available, 
including Protag Duet, Chipolo, and TrackR bravo. These Bluetooth 
trackers can enable PWD to locate valuable objects in their home 
and enhance their ability to live independently.

GoLivePhone and GoLiveAssist. GoLivePhone is a mobile app that 
transforms a user’s smartphone into a powerful remote monitoring 
tool to enable independent living. It can be used for fall and wan-
dering prevention, activity monitoring, and medication reminders. 
The GoLivePhone app monitors fall risk through anomaly detec-
tion and trend analysis of movement patterns. Wandering preven-
tion is accomplished through a geo-fencing feature that notifies 
both the user and caregiver when the user leaves a geo-fenced area 
and then provides the user with directions home. The app also en-
ables an emergency button that is always visible on the smartphone 
and, when pressed, can alert caregivers in the case of an emergency. 
GoLiveAssist is a Web-based platform that provides real-time insight 
into the health metrics and trends of a GoLivePhone user, which can 
be a valuable tool for caregivers. 

Mood and Cognition
It is estimated that between 50% and 80% of PWD experience 
psychiatric symptoms, such as anxiety, depression, and psychosis.28 
Psychiatric symptoms have been shown to lead to functional im-
pairment,29 earlier institutionalization,30 and accelerated progression 
of the dementia disease process.31 Major depression is particularly 
prevalent in PWD. Studies estimate that between 20% and 30% 
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of people with Alzheimer disease suffer from major depression,28,32 
whereas it is estimated that only 5% of community-residing elderly 
adults without Alzheimer disease have major depression.33 In addi-
tion to decreasing quality of life for the patient, these symptoms also 
increase caregiver burden and depression.34 Thus, finding innovative 
ways to address the psychiatric symptoms of dementia can have ben-
eficial effects on the lives of both patients and their caregivers.

PARO. This interactive robot provides the benefits of animal therapy 
without the maintenance required of a live animal. PARO weighs 
approximately 6 pounds and is shaped as a baby harp seal with white 
synthetic fur and large beady eyes. PARO has different sensors that 
detect touch, light, sound, temperature, and posture. PARO can 
move its head and flippers, purr when stroked, and alter its activity 
levels based on the time of day. PARO also has some learning capa-
bilities, such as responding to its name. Surveys and other early stud-
ies show promise in PARO’s ability to improve users’ cognition and 
mood, particularly in elderly populations.35-37 Findings of a recent 
study indicated that regular interaction with PARO reduced anxiety 
and depression and alleviated the need for pain and psychoactive 
medications in elderly patients with mild to moderate dementia.38 
Other examples of therapy robots include Joy For All Companion 
Pets and Ollie the Baby Otter.

IndependaTV. PWD are at significant risk of social isolation and lone-
liness, which contribute to increased mortality in elderly adults.39 

IndependaTV is a smart TV device that allows patients to mes-
sage, video chat, and virtually attend events with their friends and 
family through their television. IndependaTV also allows patients 
to immediately contact their caregiver in emergencies. Leveraging 
this technology delivers much-needed social connection to PWD in 
the comfort of their own home. The IndependaTV platform can be 
integrated with other wireless health devices and home monitoring 
sensors to create a more robust monitoring tool.

Potential Challenges
There are a number of potential barriers and challenges to the adop-
tion of digital health technology for dementia patients, which include:

Cost of the technology. Dementia places a great financial burden on 
families and caregivers: 41% of dementia caregivers have a house-
hold income of $50,000 or less, and caregivers, on average, lose over 
$15,000 in annual income due to sacrifices made to meet the de-
mands of caregiving.3 Whereas more simple devices, such as Tile, 
are sold for about $25, more complex devices, such as the medical 
alert service QMedic, require an initial set-up fee and a monthly 
maintenance fee. The most expensive devices, such as PARO, can 
cost as much as $6000. Many of these devices are not yet reimbursed 
by Medicare or commercial health insurance companies. Although it 

may be difficult for individual patients and caregivers to afford these 
devices, there may be a financial case for health systems or payers to 
provide these devices to proactively care for their patients and reduce 
unnecessary healthcare utilization.

Device management. The management of multiple devices may be 
another challenge for PWD and their caregivers. Many digital health 
devices are point solutions and are not integrated with other comple-
mentary devices or services. As such, each device has its own dash-
board or app that collects and analyzes the data from the individual 
device. However, if a user has 3 such devices, they would need to run 
3 separate applications in order to review the data from each device. 
To allow for a more seamless experience and ultimately more effec-
tive condition management, developers should integrate multiple ex-
isting digital health tools, tailored for the dementia population, into 
one common platform. In addition to working to pursue integrated 
platforms for enhanced management of multiple devices, developers 
should also strive to create interfaces that are simple and intuitive for 
elderly users and their caregivers. 

Acceptance and adaptation. Although there are many assistive tech-
nologies that are being developed to support daily living for elder-
ly adults, perhaps the key determinant for success of technological 
implementation is acceptance of the technology itself.40 However, 
health technology has not been widely adopted by older adults,41 
and various studies have speculated about the factors that contribute 
to the adoption of technology within this population.42-44 Some of 
these factors include living environment, physical and mental health 
status, and opinions of family and health professionals. PWD may 
be particularly hesitant to adopt technology, as there is a prevalent 
fear of failure and making mistakes, especially misusing technology, 
in this population.45 Furthermore, it is difficult for PWD and care-
givers to alter their routines, which may impede the integration of 
technology into their daily lives.45

However, studies suggest that the main driving force of technol-
ogy adoption is its perceived need.46,47 That is, the technology must 
clearly address a specific need, and PWD and their caregivers must 
perceive the technology as useful to them. As caregivers assume an 
integral role in the care of PWD, it is necessary to understand the 
specific needs of the caregiver–patient dyad and develop technolog-
ical tools that meet those needs most effectively, while clearly com-
municating the potential impact of the technology.

Healthcare delivery. Implementing these technologies in a widespread and 
sustainable way ideally requires a holistic redesign of how demen-
tia care is delivered and reimbursed. The dominant model of fee-
for-service healthcare, in which providers are only reimbursed for 
billable services and supplies, often does not allow health systems 
to provide nonbillable digital health technologies to their patients, 
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despite proven health benefits. However, value-based care models, in 
which reimbursement for a given population of patients is provided 
via lump-sum payments, allow health systems the flexibility and in-
centives to deploy traditionally nonbillable technologies to optimize 
patient outcomes. For example, CareMore Health, based in Cerritos, 
California, has an innovative care model that allows digital health 
technologies to be readily integrated into healthcare delivery. For 
its Medicare beneficiaries, CareMore receives a fixed, risk-adjusted 
payment per member from the federal government, allowing it the 
freedom to allocate those funds toward the effective management 
of their member population. This payment model promotes the 
development of creative solutions to improve members’ health and 
prevent unnecessary hospitalizations. Additionally, as an integrated 
health plan and care delivery system, CareMore regularly interacts 
with its most chronically ill patients and is able to implement inno-
vative solutions directly into the care delivery process. There is ample 
opportunity to integrate digital health technology into healthcare 
delivery, but payment models and delivery systems must be struc-
tured to support these solutions. 

Conclusions and Future Directions
Although there is tremendous potential for digital health technolo-
gy to augment dementia care, the adoption and integration of this 
technology does not come without challenges, especially for PWD. 
Ultimately, each individual with dementia needs to be assessed for his 
or her particular needs, and the appropriate technology must be in-
troduced within that individual’s financial and adaptive capabilities. 

In this article, we have identified opportunities to integrate digi-
tal health technology into current dementia care and adapt existing 
technologies to serve this population. We challenge the digital health 
industry to recognize the various needs of PWD and their caregiv-
ers and to create solutions that ultimately enable safe, independent 
living and prevent unnecessary hospitalizations. In the absence of 
a pharmaceutical cure for dementia, we must strive to develop in-
novative solutions to improve the quality of life for individuals and 
families affected by dementia.

Author Affiliations: University of California, San Francisco School 
of Medicine (SK), San Francisco, CA; CareMore Health (OT, SJ), 
Cerritos, CA.
Source of Funding: None.
Author Disclosures: The authors report no relationship or financial 
interest with any entity that would pose a conflict of interest with the 
subject matter of this article.
Authorship Information: Concept and design (SK, SJ); drafting of the 
manuscript (SK); critical revision of the manuscript for important intel-
lectual content (SK, OT, SJ); and supervision (OT, SJ). 
Send Correspondence to: Shannen Kim, BA, University of 
California, San Francisco School of Medicine, 1559 8th Ave #1, San 
Francisco, CA 94122. E-mail: shannen.kim@ucsf.edu.

REFERENCES
1. Hyman BT, Van Hoesen GW, Damasio AR, Barnes CL. Alzhei-
mer’s disease: cell-specific pathology isolates the hippocampal forma-
tion. Science. 1984:225(4667):1168-1170.
2. Dementia. World Health Organization website. who.int/medi-
acentre/factsheets/fs362/en/. Updated September 2017. Accessed 
November 3, 2017.
3. Alzheimer’s Association. 2016 Alzheimer’s disease facts and fig-
ures. Alzheimers Dement. 2016;12(4):459-509.
4. Plassman BL, Langa KM, Fisher GG, et al. Prevalence of dementia  
in the United States: the aging, demographics, and memory study.  
Neuroepidemiology. 2007;29(1-2):125-132. doi: 10.1159/000109998.
5. Prince M, Wimo A, Guerchet M, Ali GC, Wu YT, Prina M;  
Alzheimer’s Disease International. World Alzheimer report 2015: 
the global impact of dementia: an analysis of prevalence, incidence, 
cost and trends. Alzheimer’s Disease International website. alz.co.uk/
research/WorldAlzheimerReport2015.pdf. Published August 2015. 
Updated October 2015. Accessed February 2017. 
6. Lyketsos CG, Sheppard JME, Rabins PV. Dementia in elderly 
persons in a general hospital. Am J Psychiatry. 2000;157(5):704-707. 
doi: 10.1176/appi.ajp.157.5.704.
7. Smith GE, O’Brien PC, Ivnik RJ, Kokmen E, Tangalos EG. 
Prospective analysis of risk factors for nursing home placement of 
dementia patients. Neurology. 2001;57(8):1467-1473.
8. Feng Z, Coots LA, Kaganova Y, Wiener JM. Hospital and ED 
use among Medicare beneficiaries with dementia varies by setting 
and proximity to death. Health Aff (Millwood). 2014;33(4):683-690. 
doi: 10.1377/hlthaff.2013.1179.
9. Friedman EM, Shih RA, Langa KM, Hurd MD. US prevalence and 
predictors of informal caregiving for dementia. Health Aff (Millwood). 
2015;34(10):1637-1641. doi: 10.1377/hlthaff.2015.0510.
10. Freedman VA, Spillman BC. Disability and care needs 
among older Americans.  Milbank Q. 2014;92(3):509-541.  
doi: 10.1111/1468-0009.12076.
11. Schulz R, Mendelsohn AB, Haley WE, et al; Resources for Enhanc-
ing Alzheimer’s Caregiver Health Investigators. End-of-life care and the 
effects of bereavement on family caregivers of persons with dementia. N 
Engl J Med. 2003;349(20):1936-1942. doi: 10.1056/NEJMsa035373.
12. Shaw FE, Bond J, Richardson DA, et al. Multifactorial inter-
vention after a fall in older people with cognitive impairment and 
dementia presenting to the accident and emergency department: 
randomised controlled trial. BMJ. 2003;326(7380):73.
13. Van Dijk PT, Meulenberg OG, van de Sande HJ, Habbema JD. 
Falls in dementia patients. Gerontologist. 1993;33(2):200-204.
14. Tinetti ME, Speechley M, Ginter SF. Risk factors for falls 
among elderly persons living in the community. N Engl J Med. 
1988;319(26):1701-1707. doi: 10.1056/NEJM198812293192604.
15. Rudolph JL, Zanin NM, Jones RN, et al. Hospitalization 
in community-dwelling persons with Alzheimer’s disease: fre-
quency and causes. J Am Geriatr Soc. 2010;58(8):1542-1548.  



ajmc.com 12.17 / 25

doi: 10.1111/j.1532-5415.2010.02924.x. 
16. Morris JC, Rubin EH, Morris EJ, Mandel SA. Senile dementia 
of the Alzheimer’s type: an important risk factor for serious falls. J 
Gerontol. 1987;42(4):412-417. 
17. Najafi B, Lee-Eng J, Wrobel JS, Goebel R. Estimation of center 
of mass trajectory using wearable sensors during golf swing. J Sports 
Sci Med. 2015;14(2):354-363.
18. Heinbüchner B, Hautzinger M, Becker C, Pfeiffer K. Satisfac-
tion and use of personal emergency response systems. Z Gerontol 
Geriatr. 2010;43(4):219-223. doi: 10.1007/s00391-010-0127-4.
19. Algase DL, Moore DH, Vandeweerd C, Gavin-Dreschnack 
DJ. Mapping the maze of terms and definitions in demen-
tia-related wandering. Aging Ment Health. 2007;11(6):686-698.  
doi: 10.1080/13607860701366434.
20. Wick JY, Zanni GR. Aimless excursions: wandering in the 
elderly. Consult Pharm. 2006;21(8):608-612, 615-618.
21. Hope T, Tilling KM, Gedling K, Keene JM, Cooper SD, Fair-
burn CG. The structure of wandering in dementia. Int J Geriatr Psy-
chiatry. 1994;9(2):149-155. doi: 10.1002/gps.930090209.
22. Aud MA. Dangerous wandering: elopements of older adults with 
dementia from long-term care facilities. Am J Alzheimers Dis Other 
Demen. 2004;19(6):361-368. doi: 10.1177/153331750401900602.
23. Rolland Y, Gillette-Guyonnet S, Nourhashémi F, et al. Wan-
dering and Alzheimer’s type disease. descriptive study. REAL.FR 
research program on Alzheimer’s disease and management. Rev Med 
Interne. 2003;24(suppl 3):333s-338s. 
24. Yang CH, Hwang JP, Tsai SJ, Liu CM. Wandering and associated 
factors in psychiatric inpatients with dementia of Alzheimer’s type 
in Taiwan: clinical implications for management. J Nerv Ment Dis. 
1999;187(11):695-697. 
25. Beattie ER, Song J, LaGore S. A comparison of wandering 
behavior in nursing homes and assisted living facilities. Res Theory 
Nurs Pract. 2005;19(2):181-196.
26. Phillips VL, Diwan S. The incremental effect of dementia-related 
problem behaviors on the time to nursing home placement in poor, 
frail, demented older people. J Am Geriatr Soc. 2003;51(2):188-193. 
27. Barberger‐Gateau P, Commenges D, Gagnon M, Letenneur L, 
Sauvel C, Dartigues JF. Instrumental activities of daily living as a 
screening tool for cognitive impairment and dementia in elderly 
community dwellers. J Am Geriatr Soc. 1992;40(11):1129-1134.
28. Rabins PV, Lyketsos CG, Steele CD, eds. Practical Dementia 
Care. 3rd ed. New York, NY: Oxford University Press; 2016.
29. Lyketsos CG, Steele C, Baker L, et al. Major and minor depres-
sion in Alzheimer’s disease: prevalence and impact. J Neuropsychiatry 
Clin Neurosci. 1997;9(4):556-561.
30. Steele C, Rovner B, Chase GA, Folstein M. Psychiatric symptoms 
and nursing home placement of patients with Alzheimer’s disease. Am J 
Psychiatry. 1990;147(8):1049-1051. doi: 10.1176/ajp.147.8.1049.
31. Stern Y, Tang MX, Albert MS, et al. Predicting time to nursing 
home care and death in individuals with Alzheimer’s disease. JAMA. 
1997;277(10):806-812.
32. Tsuno N, Homma A. What is the association between depression 
and Alzheimer’s disease?  Expert Rev Neurother. 2009;9(11):1667-

1676. doi: 10.1586/ern.09.106.
33. Olin JT, Katz IR, Meyers BS, Schneider LS, Lebowitz BD. Pro-
visional diagnostic criteria for depression of Alzheimer disease: ratio-
nale and background. Am J Geriatr Psych. 2002;10(2):129-141.
34. González-Salvador MT, Arango C, Lyketsos CG, Barba AC. The 
stress and psychological morbidity of the Alzheimer patient care-
giver. Int J Geriatr Psychiatry. 1999;14(9):701-710.
35. Wada K, Shibata T, Saito T, Sakamoto K, Tanie K. Psychological 
and social effects of one year robot assisted activity on elderly people at 
a health service facility for the aged. In: Proceedings of the 2005 IEEE 
International Conference on Robotics and Automation; April 18-22, 
2005; Barcelona, Spain. doi: 10.1109/ROBOT.2005.1570535.
36. Robinson H, Macdonald B, Kerse N, Broadbent E. The 
psychosocial effects of a companion robot: a randomized 
controlled trial. J Am Med Dir Assoc. 2013;14(9):661-667.  
doi: 10.1016/j.jamda.2013.02.007.
37. Santos J, Yoon J, Park D. PARO 6-month analysis. Front 
Porch Center for Innovation and Wellbeing website. fpciw.org/wp- 
content/uploads/sites/15/2016/06/PARO-6-month-analysis-report.
pdf. Published December 2015. Accessed February 2017.
38. Petersen S, Houston S, Qin H, Tague C, Studley J. The utilization 
of robotic pets in dementia care. J Alzheimers Dis. 2017;55(2):569-
574. doi: 10.3233/JAD-160703
39. Luo Y, Hawkley LC, Waite LJ, Cacioppo JT. Loneliness, health, 
and mortality in old age: a national longitudinal study.  Soc Sci 
Med. 2012;74(6):907-914. doi: 10.1016/j.socscimed.2011.11.028.
40. Wilkowska W, Gaul S, Ziefle M. A small but significant differ-
ence—the role of gender on acceptance of medical assistive technolo-
gies. In: HCI in Work and Learning, Life and Leisure. 6th Symposium 
of the Workgroup Human-Computer Interaction and Usability 
Engineering Group; November 4-5, 2010: Klagenfurt, Austria. link.
springer.com/chapter/10.1007/978-3-642-16607-5_6. 
41. Martin S, Kelly G, Kernohan WG, McCreight B, Nugent C. 
Smart home technologies for health and social care support. Cochrane 
Database Syst Rev. 2008;(4):CD006412. doi: 10.1002/14651858.
CD006412.pub2.
42. Day H, Jutai J. Measuring the psychosocial impact of assistive 
devices: the PIADS. Can J Rehabil. 1996;9(2):159-168.
43. Davis FD, Bagozzi RP, Warshaw PR. User acceptance of com-
puter technology: a comparison of two theoretical models. Manage 
Sci. 1989:35(8):982-1003.
44. Venkatesh V, Morris MG. Davis GB, Davis FD. User accep-
tance of information technology: toward a unified view. MIS Q. 
2003;27(3):425-478.
45. Orpwood R, Gibbs C, Adlam T, Faulkner R, Meegahawatte D. 
The design of smart homes for people with dementia—user-interface 
aspects. Universal Access in the Information Society. 2005;4(2):156-164.
46. Hanson VL. Influencing technology adoption by older 
adults. Interact Comput. 2010;22(6):502-509. doi: 10.1016/j. 
intcom.2010.09.001.
47. Demiris G, Hensel BK. Technologies for an aging society: a 
systematic review of “smart home” applications. Yearb Med Inform. 
2008;33-40.




