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Abstract

Background: Hospitalized older adults often experience isolation and disorientation while receiving care, placing them at risk
for many inpatient complications, including loneliness, depression, delirium, and falls. Embodied conversational agents (ECAs)
are technological entities that can interact with people through spoken conversation. Some ECAs are also relational agents, which
build and maintain socioemotional relationships with people across multiple interactions. This study utilized a novel form of
relational ECA, provided by Care Coach (care.coach, inc): an animated animal avatar on a tablet device, monitored and controlled
by live health advocates. The ECA implemented algorithm-based clinical protocols for hospitalized older adults, such as reorienting
patients to mitigate delirium risk, eliciting toileting needs to prevent falls, and engaging patients in social interaction to facilitate
social engagement. Previous pilot studies of the Care Coach avatar have demonstrated the ECA’s usability and efficacy in
home-dwelling older adults. Further study among hospitalized older adults in a larger experimental trial is needed to demonstrate
its effectiveness.

Objective: The aim of the study was to examine the effect of a human-in-the-loop, protocol-driven relational ECA on loneliness,
depression, delirium, and falls among diverse hospitalized older adults.

Methods: This was a clinical trial of 95 adults over the age of 65 years, hospitalized at an inner-city community hospital.
Intervention participants received an avatar for the duration of their hospital stay; participants on a control unit received a daily
15-min visit from a nursing student. Measures of loneliness (3-item University of California, Los Angeles Loneliness Scale),
depression (15-item Geriatric Depression Scale), and delirium (confusion assessment method) were administered upon study
enrollment and before discharge.

Results: Participants who received the avatar during hospitalization had lower frequency of delirium at discharge (P<.001),
reported fewer symptoms of loneliness (P=.01), and experienced fewer falls than control participants. There were no significant
differences in self-reported depressive symptoms.

Conclusions: The study findings validate the use of human-in-the-loop, relational ECAs among diverse hospitalized older
adults.
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J Med Internet Res 2019 | vol. 21 | iss. 10 | e13440 | p. 1http://www.jmir.org/2019/10/e13440/
(page number not for citation purposes)

Bott et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:nbott@stanford.edu
http://dx.doi.org/10.2196/13440
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

digital health; older adults; loneliness; delirium; falls; embodied conversational agent; chatbot; relational agent; information and
communication technology

Introduction

Background
In 2014, 19% of Medicare beneficiaries had at least one inpatient
stay covered under Medicare Part A [1]. In addition to the illness
or injury requiring acute care, the unfamiliar and stressful
environment of the hospital increases risk of loneliness,
depression, delirium, and falls in these patients. Loneliness is
a frequent occurrence in older adults, and it is a documented
predictor of poor health. One in 3 older adults reports loneliness
in the United States [2], and a recent American Association of
Retired Persons (AARP) survey found that approximately 42.6
million older adults suffer from chronic loneliness [3]; research
demonstrates that loneliness is linked to a variety of negative
health outcomes, including high blood pressure [4], disability
[5], functional decline [2], depression [6], and cognitive decline
[7]. These comorbidities may consequently increase the need
for health care, and these are linked to greater health care
utilization [8].

For older adults, the hospital setting is also a precipitant for
symptoms of depression and loss of control [9]. Depression, in
turn, may stymie recovery and increase the length of hospital
stays [10]. At the same time, a recent international study found
that informal psychological support was inversely related with
depressive symptoms in hospitalized older adults [10]. The
challenge remains to find ways to incorporate low-cost
interventions that provide psychological support within the
fast-paced hospital setting.

In addition to loneliness and depression, delirium and falls
represent adverse events for hospitalized older adults. Delirium
is a serious but preventable condition associated with morbidity
and mortality, occurring as frequently as 50% of all hospitalized
older adults [11]. Owing to its limited recognition within
inpatient settings, the presence of delirium is associated with
inappropriate use of sedation, sitters, and restraints [12].
Furthermore, delirium contributes to falls, cognitive decline,
disability, morbidity, and mortality, with estimated direct health
care costs over US $164 billion a year in the United States
[11,13,14].

Falls are a common adverse event associated with
hospitalization, and fall risk increases with age. Delirium
significantly increases the risk of falls in the hospital setting
[11,13,14]. In the United States, all of these risks are greatest
among patients with limited English comprehension, low health
literacy, and socioeconomic disadvantage [15]. Evidence
demonstrates that an individualized multifactorial approach to
fall prevention, including alert wristbands, room signage, staff
and patient education, footwear, toileting schedules, exercise,
and movement alarms, is effective [16]. For patients with
cognitive impairment, increased nursing surveillance is also an
effective intervention [17].

In view of the relationship between these adverse events and
morbidity, as well as decreased quality of life, increased health
care usage, and subsequent cost, it is imperative to find
interventions that can reduce the risk of these outcomes in
hospitalized older adults. The Hospital Elder Life Program
(HELP) is a multidomain nonpharmacological intervention that
has been shown to be effective in mitigating the risk of these
adverse events. A meta-analysis of 14 interventional studies
demonstrated efficacy in reducing incidence of delirium [18],
falls [18], and functional status [18]. Separately, HELP has also
been shown to improve symptoms of patient loneliness [19].
HELP volunteers deliver protocols targeting multiple risk
factors, including orientation, mobilization, vision, hearing,
hydration, nutrition, and sleep. HELP is used in more than 200
hospitals worldwide, and it serves as the gold-standard
nonpharmacological intervention for the risk mitigation and
management of delirium, cognitive and functional decline, falls,
and 1:1 observation among older adults [18-20]. Although the
HELP program is cost effective, it requires substantial training
and monitoring of a large team of volunteers, which can serve
as a barrier to adoption, especially in safety-net facilities with
limited resources, serving high-risk patient populations [21-23].
To date, research has not determined whether human-driven
virtual companionship can approximate the outcomes of physical
volunteers for hospitalized older adults.

The health technology literature is abundant and continues to
grow; nevertheless, there is a dearth of information on the use
of technology as a social relational agent for older adults.
Embodied conversational agents (ECAs) are technological
entities that can interact with people through spoken
conversation. Some ECAs also function as relational agents and
are designed to leverage these conversational interactions to
build and maintain social-emotional relationships with people
[24]. The Care Coach avatar is a relational ECA that interacts
with patients primarily through speech, along with its own visual
appearance, digital pictures, and audio or music that can play
through the tablet speaker in the same way as a HELP volunteer
would in vivo. The Care Coach avatar is powered by a
human-in-the-loop software system, so-called because of a
round-the-clock team of live health advocates monitoring and
controlling each avatar. As a result, avatar conversations with
patients and care teams are conducted through natural speech,
allowing complex patients with cognitive and functional
impairments to be engaged effectively, regardless of their
technical abilities or inclination. Severely hearing-impaired
patients may even understand the avatar by reading the captions
displayed above the avatar’s head on the tablet screen.

Existing studies have generally evaluated the ease of use and
acceptability of health technology, and they have specifically
evaluated social agents as a tool for decreasing loneliness and
social isolation in older adults [25-29]. Khosravi et al conducted
a systematic review to synthesize studies investigating the role
of technology in addressing loneliness and social isolation in
older adults [29]. These studies included different technological
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modalities offering various means of engagement, including
computer/internet use, robotics, video games, personal reminder
information and social management systems, social networking
sites, tele-care, and 3D virtual environments. Efficacy data
included reduced loneliness, development and maintenance of
social relationships, increased independent living, decreased
social isolation, companionship, cognitive stimulation, and
entertainment [29].

In a pilot study of home-dwelling older adults, Chi et al provided
a qualitative perspective on utility and comfort with the Care
Coach avatar presented in this paper [26]. Participants reported
positive results in terms of companionship, social support, and
health information. However, some concerns included internet
connectivity, privacy, and cost. In addition, some participants
reported variations in the quality of the avatar’s conversations,
associated with differing staff members operating the avatar,
highlighting the importance of the human aspect of this
technological experience. Demiris et al conducted a study
utilizing the Care Coach platform in home-dwelling older adults
with mild cognitive impairment and reported improvements in
cognition and social support, along with decreases in depressive
symptoms [30].

Objectives
The results of the previous pilot study demonstrated the
feasibility of the Care Coach platform to improve clinically
meaningful aspects of patient care in the home. Given the
additional risks of delirium and falls, in addition to loneliness
and depression, that hospitalized older adults experience during
hospitalization, a less resource-intensive deployment of the
multidomain interventions, included within the HELP program
through a relational ECA, may provide a meaningful and
scalable method for mitigating adverse events. This study
investigated the efficacy of a human-in-the-loop, protocol-driven
relational ECA, compared with control participants among
hospitalized older adults on self-reported measures of loneliness,
depression, and clinician-reported occurrence of delirium and
falls. We hypothesized that the use of such an intervention would
decrease self-reported loneliness and depression, as well as
reduce the occurrence of delirium and falls during
hospitalization.

Methods

Experimental Intervention
The relational ECA software platform utilized in the study was
provided by Care Coach, a private company based in California,
and it comprises an internet-based communication system,
designed to provide 24-hour psychosocial and health care
support for patients through an integrative, person-centered
approach [31]. A relational ECA serves as the patient-facing
interface, appearing as an animated dog or cat on the display
screen of a tablet computing device (see Figure 1). The digital

animal responds to touch and demonstrates emotions appropriate
to the conversation or other interaction state, including facial
expressions, bodily reaction to touch and petting, heart symbols,
tears, sleeping, and snoring. The Care Coach platform represents
a real-time fusion of human and software intelligence, powered
by a team of live health advocates who see, hear, and speak
with each patient through the avatar of the digital animal. Health
advocates are available 24 hours a day, and they are guided by
software algorithms to implement clinical protocols. The use
of a nonhuman avatar plays several important roles. First,
previous studies have found unique clinical benefits associated
with nonhuman avatar relational agents [32]. Second, an avatar
relational agent provides greater continuity of care across the
duration of the hospital stay, avoiding coverage gaps and
challenges with establishing and re-establishing a care
relationship throughout the duration of the hospital stay. Finally,
the use of a nonhuman avatar provides a clear distinction in role
for patients. The avatar relational agent is not a medical
professional that provides clinical information, and the use of
a nonhuman avatar (as opposed to a nurse of clinician avatar)
visually clarifies this distinction.

Using a proprietary Web-based work interface, health advocates
can sequentially monitor and engage 12 or more patients, and
they can simultaneously monitor and engage up to 2 patients.
Health advocates observe and listen through the audiovisual
feed from the avatar device, communicating in real time with
each patient by sending text commands, which are converted
into the avatar’s voice using a text-to-speech engine. Thus, the
health advocates contribute their human abilities for natural
language understanding, in both English and Spanish, and
sociable, compassionate, and conversational responses to help
patients build personal relationships with the avatar. Their
human abilities are augmented through a software-driven system
embedded into the work interface, which uses branching logic
and prescripted conversational content to guide health advocates
through evidence-based intervention protocols, such as cognitive
engagement or assessment, reorientation, toileting checks, and
fall prevention (see Figure 2), alerting the nurse station on the
hospital unit by phone of any issues potentially requiring
immediate action.

In this study, the avatars were programmed with specific
protocols, repeating for each patient every 2 days (see
Multimedia Appendix 1). For example, the Care Coach system
was programmed to proactively ask about comfort and need of
bathroom use, seeking assistance on behalf of the patient by
calling the nursing station. Studies show that approximately
half of all falls in the hospital occur either in the bathroom or
on the way to the bathroom [33,34]. In addition to scheduled
protocols, each avatar provided engagement on an unscheduled,
informal basis through relationship-building conversations about
participant interests, family, and news, as well as through
showing pictures, playing music, guided meditation/relaxation
tracks, and engaging the patient in brain games.
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Figure 1. The Care Coach avatar system design (top). An avatar encourages a patient to take his medications (bottom).

Figure 2. An example of a simple fall prevention protocol.

J Med Internet Res 2019 | vol. 21 | iss. 10 | e13440 | p. 4http://www.jmir.org/2019/10/e13440/
(page number not for citation purposes)

Bott et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


As a relational ECA, the health advocate is able to wake up the
avatar with an accompanying wake noise whenever the
audiovisual stream is started and visually put the avatar to sleep
whenever the audiovisual stream stops. As the Care Coach
platform utilizes a human-in-the-loop health advocate, all patient
information is treated as protected health information, and all
health advocates receive Health Insurance Portability and
Accountability Act training. Moreover, patients may ask the
avatar for privacy at any time, as long as such a request is
consistent with the safety monitoring requirements of the health
care provider or proxy.

Study Design
This clinical study used a case control quasi-experimental
pre-post design. Participants were recruited from 3
medical-surgical units in a 600+ bed community hospital. Units
were similar in size (34-37 beds), average daily census (32
patients), and average length of stay (3-6 days). One unit served
as the control unit, with 2 units serving as intervention units.
Patients were enrolled and followed by a team of research
assistants (RAs), comprising undergraduate and graduate nursing
and computer science students. The RAs were trained, and they
followed a structured protocol and scripts. Project management,
as well as scheduling of RAs, was conducted by a graduate
nursing student.

Setting
The study was conducted in an urban community hospital in
New York City, which targets the underserved. The hospital is
in the borough of Queens, one of the most ethnically diverse
urban areas in the world [35]. The majority of the borough’s
population identifies as nonwhite, with strong representation
from black, Asian, and Hispanic races [36]. Per capita income
is US $28,814, with 19% of adults reporting less than high
school education, and 11% of adults reporting lack of health
insurance [36]. The hospital has 408 beds and approximately
120,000 emergency department visits annually [37].

Participants and Procedures
Initial screening of potential participants was conducted by the
nurse managers of the respective nursing units during daily
rounds. Inclusion criteria were patients over the age of 65,
admitted to 1 of the study units, who could give informed
consent or had a proxy who could provide consent. Exclusion
criteria were patients who could not provide informed consent
with no proxy, as well as patients who wandered, demonstrated
aggressive combative behavior with intent to harm self or others,
or were experiencing alcohol or drug withdrawal. Patients who
were noncommunicative or did not speak English were also
excluded from the study. Eligible patients were referred to an
RA. RAs discussed the study, obtained informed consent, and
administered the enrollment instruments, which comprised a
demographic questionnaire and assessment instruments (detailed
below). The enrollment visit lasted approximately 15 min per
participant.

A total of 2 units were utilized for the experimental intervention,
with a third unit utilized as a control unit. All patients recruited
from either of the intervention units were enrolled into the
intervention group. All patients recruited from the control unit

were enrolled into the control group. Owing to the pace of
recruitment, enrollment in the second experimental unit began
approximately 45 days after the first experimental unit. Enrolled
patients on the intervention units selected either a dog or a cat
avatar. RAs demonstrated how the avatar works and verified
that each subject was comfortable with the device before leaving
the bedside. RAs visited each subject daily throughout the
hospitalization to confirm that each avatar was functioning and
within view of the patient. Upon 24-hour discharge notification,
RAs administered the postassessment instruments. Subjects
discharged home or to another facility had the option of taking
their avatar with them. Home-based data were collected on those
participants utilizing the avatar postdischarge, which will be
the focus of a separate follow-up study. Relational agent theory
[38] suggests that conversational variety is essential to sustaining
interaction between the subject and the avatar. Extending the
period over which a protocol set is repeated promotes sustained
engagement; therefore, rather than daily repetition, a 2-day
rotation period was designed on the basis of an expected patient
length of stay of approximately 4 days. Enrolled patients on the
control unit received the same preassessments as the intervention
participants. RAs visited each control participant daily
throughout the hospitalization to provide a “dose” of RA contact,
similar to that received by the intervention participants. RAs
used a rounding script (see Multimedia Appendix 2) for both
control and intervention patients, to ensure consistency among
visits and equalize the influence of human contact on the
outcomes being measured. Upon 24-hour discharge notification,
RAs administered postassessment instruments to the control
patients. Throughout the study, RAs recorded observations on
the subjects’ responses to the avatars, using the observation
checklist. All procedures were approved by the Jamaica Hospital
and PACE University Institutional Review Boards.

Measures
Demographic variables, including age, gender, education,
race/ethnicity, and living arrangements, were collected upon
enrollment. Discharge destination and living arrangements were
collected up to 24 hours before discharge. Delirium, loneliness,
and depression were assessed using the instruments detailed
below. All instruments were administered at the time of
enrollment into the study and upon discharge.

Delirium
The confusion assessment method (CAM) was utilized to screen
for delirium [39]. The CAM includes an instrument and
diagnostic algorithm for identification of delirium, assessing
the presence, severity, and fluctuation of 9 delirium features,
including the following: acute onset, inattention, disorganized
thinking, altered level of consciousness, disorientation, memory
impairment, perceptual disturbances, psychomotor agitation or
retardation, and altered sleep-wake cycle. The CAM diagnostic
algorithm is based on 4 cardinal features of delirium: (1) acute
onset and fluctuating course, (2) inattention, (3) disorganized
thinking, and (4) altered level of consciousness. A diagnosis of
delirium utilizing the CAM requires the presence of features 1,
2, and either 3 or 4. The CAM has been used extensively for
assessment of delirium among hospitalized older adults, and it
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has demonstrated excellent sensitivity and specificity among
large and small samples of older adults [39].

Loneliness
Loneliness was measured using the University of California
Los Angeles (UCLA) Loneliness Scale Short Form [40].
Participants rated themselves on a scale of “1 to 3” on the 3
items (“hardly ever”=1, “some of the time”=2, and “often”=3),
with a total score ranging from 3 to 9. Higher scores indicate
more loneliness. The short form has demonstrated reliability
with the long form of the measure [40].

Depression
Depression was measured using the Geriatric Depression Scale
(GDS) 15-item short form [41]. Of the 15 items, 10 indicate the
presence of depression when answered positively, whereas the
rest indicate depression when answered negatively. Scores from
0 to 4 are considered normal, depending on age, education, and
complaints; scores from 5 to 8 indicate mild depression, 9 to
11 indicate moderate depression, and 12 to 15 indicate severe
depression. The GDS has been used extensively to measure
depressive symptoms among older adults [42].

Falls
Data on falls were obtained from existing unit-based quality
improvement data from the hospital. Incidence data are recorded
quarterly in hospital reports and presented as a ratio in the form
of falls per 1000 patient days [43]. The fall incidence data for
this study were collected over 2 full calendar quarters,
comprising the 3-month period, preceding any intervention, and
the following 3-month period, during which the intervention
was applied. The control unit did not receive any avatars in
either 3-month period. One intervention unit received avatars
and had all its enrolled patients treated as subjects during the
3-month intervention period. Owing to recruitment cadence,
the additional intervention unit started the 3-month intervention
period approximately 45 days into the calendar quarter. As a
result, the falls data on the second intervention unit represent a
mixed unit, with the first half of the quarterly falls data not
including participants receiving the intervention. Only summary
data on quarterly fall rates by unit and time period were
available. As a result, these data were interpreted in relationship
to baseline data and in relationship to the national average [44]
(see Multimedia Appendix 3).

Power Analysis
Estimated sample size for this study utilized published results
of the CAM, UCLA 3-item loneliness scale, and GDS.
Medium-to-large effect sizes have been observed in studies
utilizing the CAM, UCLA 3-item loneliness scale, and the GDS
among hospitalized older adults [45,46]. Sample size calculation
utilized an expected medium effect size (Cohen d=0.60), with
alpha set at .05, and assumed power of 80% for analysis of
variance yielded an expected sample size of 90. The study
sample is powered at greater than 80% to detect a medium effect
between groups.

Data Analysis
Two-tailed Student t test and chi-square cross tabulations were
used for descriptive analysis of participants. McNemar test was

utilized to compare change in frequency of delirium within
intervention and control groups. Analysis of covariance was
used to analyze the differences among intervention and control
group means on measures of loneliness and depression. Sex,
baseline self-reported loneliness, and baseline MiniCog score
were included as covariates in the loneliness analysis. Sex,
baseline self-reported depressive symptoms, and baseline
MiniCog score were included in the depression analysis.
Quarterly fall rates for intervention and control units were
examined descriptively in relationship to baseline data and to
the national average. The analyses for this study were done
using the SPSS version 25 (SPSS Inc).

Results

Descriptive Analysis
A total of 95 participants were included in the analyses
(intervention group n=41; control group n=54). There were no
differences between the control and intervention groups on age,
race, place of residence, discharge location, or language (P>.05).
The intervention group (68%, 28/41 female) included more
female participants than the control group (44%, 24/54 female;
P=.02). Across groups, participants were predominantly female,
English-speaking African Americans with a mean age of 76
years. They resided at home and were discharged to home post
hospital stay (Table 1).

On average, the avatars checked in with participants in the
intervention group (a health advocate started the audio/video
stream, visually waking up the avatar) 71.3 times per day per
patient. Avatars engaged intervention participants for 61 min
per day (including average use of 11.5 images or audio files)
and completed, on average, 6.5 protocol-driven tasks per day
(Table 2).

Delirium
The presence of delirium at enrollment and discharge was
analyzed within each group. McNemar tests found a significant
reduction in delirium presence from enrollment to discharge in
the intervention group (P<.001). There was no change in
frequency of delirium presence within the control group (P=.25;
Table 3).

Loneliness
A general linear model examining admission and discharge
endorsement on the UCLA Loneliness Scale indicated that
participants with avatars experienced a decrease in loneliness
(P=.01) compared with participants in the control group (see
Table 3).

Depression
A general linear model examining admission and discharge
endorsement of depression symptomology on the GDS between
groups showed no statistically significant difference in
depression between participants with and without avatars (see
Table 3).

Falls
Quarterly unit-based quality improvement data on incidence of
falls per 1000 patient days were examined across each of the 3

J Med Internet Res 2019 | vol. 21 | iss. 10 | e13440 | p. 6http://www.jmir.org/2019/10/e13440/
(page number not for citation purposes)

Bott et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


units. Falls rate was reduced by 33% on the avatar unit, with
partial data collection. Falls rate was reduced by 82% on the

avatar unit, with complete data collection. Frequency of falls
increased on the control unit by 86%.

Table 1. Patient characteristics by study group.

P valueControl (n=54)Intervention (n=41)Characteristics

.7076.22 (8.05)76.88 (8.85)Age (years), mean (SD)

.68Race, n (%)

14 (26)10 (24)White

22 (41)22 (54)African American

12 (22)5 (12)Asian/Pacific Islander

5 (9)3 (7)Hispanic

1 (2)1 (2)Other

.02aSex, n (%)

30 (56)13 (32)Male

24 (44)28 (68)Female

.16Residence before admission, n (%)

46 (85)38 (93)Home

8 (15)2 (5)Nursing home

0 (0)1 (2)Other

.59Discharge location, n (%)

0 (0)1 (2)Homeless

45 (83)32 (78)Home

7 (13)5 (12)Nursing home

0 (0)1 (3)Short-term rehabilitation

2 (4)2 (5)Other

.34English as a second language, n (%)

28 (52)25 (61)No

26 (48)16 (39)Yes

aP<.05.

Table 2. Patient engagement data (n=41).

Mean (SD) per dayEngagement metric

71.30 (7.46)Number of check-ins

61.00 (40.61)Observational and engagement time (min)

11.50 (9.04)Media files used

6.5 (6.03)Protocol tasks completed

J Med Internet Res 2019 | vol. 21 | iss. 10 | e13440 | p. 7http://www.jmir.org/2019/10/e13440/
(page number not for citation purposes)

Bott et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. Outcome results.

Partial eta
squared

P valueControl post (n=54)Control pre (n=54)Intervention post (n=41)Intervention pre (n=41)Outcome variable

—a<.001/.253/51 (6)6/48 (13)1/40 (3)12/29 (41)Delirium, n/N (%)

0.07.014.35 (1.70)4.72 (1.74)3.76 (1.53)4.98 (2.17)Loneliness, mean
(SD)

0.006.463.87 (2.99)4.19 (3.5)4.02 (2.99)4.2 (3.2)Depression, mean
(SD)

aNot applicable.

Discussion

Principal Findings
This study investigated the efficacy of a human-in-the-loop,
relational ECA in the form of a tablet-based virtual service
animal avatar. Measures of delirium, loneliness, depression,
and falls were investigated in a case-control study of 95
hospitalized adults over the age of 65 at an inner-city community
hospital. Analysis of admission and discharge data indicated
that intervention participants experienced lower frequency of
delirium at discharge (P<.001) and a reduction in symptoms of
loneliness (P=.01). Quarterly unit falls per 1000 patient days
indicated that falls on the control unit increased by 86%. Falls
on the intervention unit with delayed data collection were
reduced by 33%. Falls on the intervention unit with complete
data collection were reduced by 82%. There were no differences
between groups in self-reported depressive symptoms. These
results are consistent with previous research investigating
devices that are used for a variety of needs specific to older
adults, including safety and fall prevention, assistance with
physical tasks that support activities of daily living, prevention
of hospitalization, and social connectedness [28,29].

The avatar intervention resulted in a 91% reduction in delirium
at discharge, with 11 participants meeting criteria for delirium
with the CAM upon admission and 1 meeting criteria for
delirium upon discharge. Although no individuals in either the
control or intervention units acquired delirium after beginning
the study, the Care Coach intervention’s ability to help resolve
delirium within a short period of days is comparable with data
reported on HELP intervention among hospitalized older adults
[21].

With respect to falls, the reduction observed across intervention
units is likely attributable to the nature of preprogrammed avatar
protocols assisting with nursing calls to assist with mobility and
toileting. The reduction in falls seen across the study duration
provides further validation for the use of a human-in-the-loop,
tablet-based intervention to provide a means for hospitalized
older adults to communicate with health care providers. This is
important, given the role that alarm fatigue can play in health
care service delivery [47]. The reason for the increase in falls
rate on the control unit is not known.

There are currently 12 million Americans over the age 65 years
living alone [48]. In a survey published by investigating the
frequency of loneliness among 3000 older adults, 35% were
categorized as being lonely [49]. The effect of the avatar

intervention on symptoms of loneliness suggests that this form
of human-in-the-loop virtual engagement is an effective means
for combating this issue while adults are hospitalized. This is
noteworthy, given that the participants without avatars received
personal visits from RAs for approximately 15 min each hospital
day. Contrary to our hypothesis, the avatar intervention did not
demonstrate reduction in depressive symptoms when compared
with the control group. This may be attributable to the tenacity
of depression among older adults and the relatively short
exposure to the avatars associated with the hospital stay
(averaging 4 days). It may also be because of the relatively
minimal number of depressive symptoms endorsed by
participants across both groups at baseline.

An important implication of this study is the feasibility of larger
deployment. As a low-cost and sustainable intervention, the
marginal resources required to deploy such a human-in-the-loop
avatar intervention model would comprise marginal staffing
effort and minimal technology components, including health
advocate staffing (which can take advantage of an abundant
remote workforce), certified nursing assistant’s effort to
setup/sanitize the device (<US $1/patient day), wear and tear
on the tablet device and related hardware (< US $1/patient day),
and internet connection and server costs (approximately US
$1/patient day on cellular data or approximately US $0/patient
day with a reliable Wi-Fi network). Furthermore, participant
learning curve is minimal, as the Care Coach technology
platform does not require previous information technology
fluency or use. Participants with mobility issues can engage
with this technology, as the patient only needs to talk with the
avatar, with no manual effort required. The digital animal avatar
also solves such issues as the cost of caring for pets and potential
animal-related allergies. Finally, preliminary evidence presented
in this paper suggests the avatar may represent a superior
intervention for risk reduction of delirium and falls over that of
a patient sitter. Current evidence does not support the efficacy
of patient sitters for reducing falls, and although there is a lack
of evidence regarding patient sitters and delirium, a passive
clinical care member in a patient’s room would likely have
minimal impact on delirium risk.

Additional research is needed to establish the long-term effects
of an avatar on the well-being of patients and their ability to
provide self-care. Patients who utilized the avatar during this
study experienced less delirium and fell less than those patients
who did not utilize the avatar. Given that both delirium and falls
have significant morbidity and mortality in older adults and
represent a major financial burden to the health care system,
the use of this technology could potentially improve outcomes
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for hospitalized older adults. The cost of this intervention is
significantly less than the cost of a fall (the average hospital
cost for a fall injury is over US $30,000) [50] or the potential
cost of increased length of stay because of delirium, which is
an average increase of 7.78 days per case of incident delirium
[51].

Limitations
This clinical study was limited by several factors. Although the
sample size was sufficient, the intervention arm included
convenience sampling and a potential bias in the referral process
by the nurse managers. Given the deployment of this
intervention in a real-world point-of-care environment, potential
differences in unit care model and participant exposure to care
across units could not be controlled. In addition, only patients
who were able to understand and speak English were enrolled.
In a very ethnically diverse setting, with many non-English
speaking patients, many potential participants were excluded.
However, the study location and population provided for the

recruitment of a diverse population. Falls data were only
available quarterly by unit. This limited investigation of falls
data to percentage changes within units. The slower recruitment
cadence on the second experimental unit in combination with
quarterly falls data resulted in partial data on falls for this unit.
Finally, more granular data on individual patients were not
available, which prevented investigation into potential effects
related to specific patient medical comorbidities.

Conclusions
In conclusion, this study provides additional quantitative support
to the clinical efficacy of the Care Coach avatar platform for
hospitalized older adults. As a human-in-the-loop, tablet-based
intervention, this technology provides a novel, scalable solution
to mitigate the risks of delirium, loneliness, and falls among
diverse hospitalized older adults. Future study of the Care Coach
platform, including a randomized control trial (NCT03832192),
will allow the replicability of these findings to be tested in a
well-characterized and randomized patient population.

Acknowledgments
This research was supported by a grant from New York City Economic Development Corporation and Health 2.0.

Conflicts of Interest
VW is the CEO of and owns equity in care.coach. None of the other authors own equity in care.coach. SW and LD receive support
from an ongoing National Institute of Nursing Research grant in conjunction with care.coach.

Multimedia Appendix 1
Avatar protocols.
[PDF File (Adobe PDF File), 78 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Rounding script.
[PDF File (Adobe PDF File), 60 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Quarterly fall rates by hospital unit and time periods.
[PNG File , 483 KB-Multimedia Appendix 3]

References

1. MedPAC. 2016. Data Book: Health Care Spending and the Medicare Program URL: http://www.medpac.gov/docs/
default-source/data-book/jun19_databook_entirereport_sec.pdf?sfvrsn=0 [accessed 2019-09-04]

2. Perissinotto CM, Cenzer IS, Covinsky KE. Loneliness in older persons: a predictor of functional decline and death. Arch
Intern Med 2012 Jul 23;172(14):1078-1083 [FREE Full text] [doi: 10.1001/archinternmed.2012.1993] [Medline: 22710744]

3. National Resource Center on Nutrition and Aging. 2017. Loneliness among Older Adults: A National Survey of Adults
45+ URL: https://nutritionandaging.org/loneliness-among-older-adults-a-national-survey-of-adults-45/ [accessed 2017-09-04]

4. Hawkley LC, Thisted RA, Masi CM, Cacioppo JT. Loneliness predicts increased blood pressure: 5-year cross-lagged
analyses in middle-aged and older adults. Psychol Aging 2010 Mar;25(1):132-141 [FREE Full text] [doi: 10.1037/a0017805]
[Medline: 20230134]

5. Lund R, Nilsson CJ, Avlund K. Can the higher risk of disability onset among older people who live alone be alleviated by
strong social relations? A longitudinal study of non-disabled men and women. Age Ageing 2010 May;39(3):319-326. [doi:
10.1093/ageing/afq020] [Medline: 20208073]

6. Cacioppo JT, Hughes ME, Waite LJ, Hawkley LC, Thisted RA. Loneliness as a specific risk factor for depressive symptoms:
cross-sectional and longitudinal analyses. Psychol Aging 2006 Mar;21(1):140-151. [doi: 10.1037/0882-7974.21.1.140]
[Medline: 16594799]

J Med Internet Res 2019 | vol. 21 | iss. 10 | e13440 | p. 9http://www.jmir.org/2019/10/e13440/
(page number not for citation purposes)

Bott et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v21i10e13440_app1.pdf&filename=8ccacb50c8f906d3f0fd9c53651de8fb.pdf
https://jmir.org/api/download?alt_name=jmir_v21i10e13440_app1.pdf&filename=8ccacb50c8f906d3f0fd9c53651de8fb.pdf
https://jmir.org/api/download?alt_name=jmir_v21i10e13440_app2.pdf&filename=310ee3e8aa86c12cd1c847bb3655f961.pdf
https://jmir.org/api/download?alt_name=jmir_v21i10e13440_app2.pdf&filename=310ee3e8aa86c12cd1c847bb3655f961.pdf
https://jmir.org/api/download?alt_name=jmir_v21i10e13440_app3.png&filename=104061608b44ee60d0efc95e580594e0.png
https://jmir.org/api/download?alt_name=jmir_v21i10e13440_app3.png&filename=104061608b44ee60d0efc95e580594e0.png
http://www.medpac.gov/docs/default-source/data-book/jun19_databook_entirereport_sec.pdf?sfvrsn=0
http://www.medpac.gov/docs/default-source/data-book/jun19_databook_entirereport_sec.pdf?sfvrsn=0
http://europepmc.org/abstract/MED/22710744
http://dx.doi.org/10.1001/archinternmed.2012.1993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22710744&dopt=Abstract
https://nutritionandaging.org/loneliness-among-older-adults-a-national-survey-of-adults-45/
http://europepmc.org/abstract/MED/20230134
http://dx.doi.org/10.1037/a0017805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20230134&dopt=Abstract
http://dx.doi.org/10.1093/ageing/afq020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20208073&dopt=Abstract
http://dx.doi.org/10.1037/0882-7974.21.1.140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16594799&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. James BD, Wilson RS, Barnes LL, Bennett DA. Late-life social activity and cognitive decline in old age. J Int Neuropsychol
Soc 2011 Nov;17(6):998-1005 [FREE Full text] [doi: 10.1017/S1355617711000531] [Medline: 22040898]

8. Taube E, Kristensson J, Sandberg M, Midlöv P, Jakobsson U. Loneliness and health care consumption among older people.
Scand J Caring Sci 2015 Sep;29(3):435-443. [doi: 10.1111/scs.12147] [Medline: 24826811]

9. Bridges J, Flatley M, Meyer J. Older people's and relatives' experiences in acute care settings: systematic review and
synthesis of qualitative studies. Int J Nurs Stud 2010 Jan;47(1):89-107. [doi: 10.1016/j.ijnurstu.2009.09.009] [Medline:
19854441]

10. Gur-Yaish N, Zisberg A, Sinoff G, Shadmi E. Effects of instrumental and psychological support on levels of depressive
symptoms for hospitalized older adults. Aging Ment Health 2013;17(5):646-653. [doi: 10.1080/13607863.2012.758234]
[Medline: 23330681]

11. Labella AM, Merel SE, Phelan EA. Ten ways to improve the care of elderly patients in the hospital. J Hosp Med
2011;6(6):351-357. [doi: 10.1002/jhm.900] [Medline: 21834118]

12. Adams J, Kaplow R. A sitter-reduction program in an acute health care system. Nurs Econ 2013;31(2):83-89. [Medline:
23691749]

13. Inouye SK, Westendorp RG, Saczynski JS. Delirium in elderly people. Lancet 2014 Mar 8;383(9920):911-922 [FREE Full
text] [doi: 10.1016/S0140-6736(13)60688-1] [Medline: 23992774]

14. Leslie DL, Inouye SK. The importance of delirium: economic and societal costs. J Am Geriatr Soc 2011 Nov;59(Suppl
2):S241-S243 [FREE Full text] [doi: 10.1111/j.1532-5415.2011.03671.x] [Medline: 22091567]

15. Tow A, Holtzer R, Wang C, Sharan A, Kim SJ, Gladstein A, et al. Cognitive reserve and postoperative delirium in older
adults. J Am Geriatr Soc 2016 Jun;64(6):1341-1346 [FREE Full text] [doi: 10.1111/jgs.14130] [Medline: 27321616]

16. Oliver D, Healey F, Haines TP. Preventing falls and fall-related injuries in hospitals. Clin Geriatr Med 2010
Nov;26(4):645-692. [doi: 10.1016/j.cger.2010.06.005] [Medline: 20934615]

17. Mazur K, Wilczyński K, Szewieczek J. Geriatric falls in the context of a hospital fall prevention program: delirium, low
body mass index, and other risk factors. Clin Interv Aging 2016;11:1253-1261 [FREE Full text] [doi: 10.2147/CIA.S115755]
[Medline: 27695303]

18. Hshieh TT, Yue J, Oh E, Puelle M, Dowal S, Travison T, et al. Effectiveness of multicomponent nonpharmacological
delirium interventions: a meta-analysis. JAMA Intern Med 2015 Apr;175(4):512-520 [FREE Full text] [doi:
10.1001/jamainternmed.2014.7779] [Medline: 25643002]

19. Steunenberg B, van der Mast R, Strijbos MJ, Inouye SK, Schuurmans MJ. How trained volunteers can improve the quality
of hospital care for older patients. A qualitative evaluation within the hospital elder life program (HELP). Geriatr Nurs
2016;37(6):458-463. [doi: 10.1016/j.gerinurse.2016.06.014] [Medline: 27471215]

20. Inouye SK, Bogardus ST, Baker DI, Leo-Summers L, Cooney LM. The hospital elder life program: a model of care to
prevent cognitive and functional decline in older hospitalized patients. Hospital elder life program. J Am Geriatr Soc 2000
Dec;48(12):1697-1706. [doi: 10.1111/j.1532-5415.2000.tb03885.x] [Medline: 11129764]

21. Rubin FH, Williams JT, Lescisin DA, Mook WJ, Hassan S, Inouye SK. Replicating the hospital elder life program in a
community hospital and demonstrating effectiveness using quality improvement methodology. J Am Geriatr Soc 2006
Jun;54(6):969-974. [doi: 10.1111/j.1532-5415.2006.00744.x] [Medline: 16776794]

22. Rubin FH, Neal K, Fenlon K, Hassan S, Inouye SK. Sustainability and scalability of the hospital elder life program at a
community hospital. J Am Geriatr Soc 2011 Feb;59(2):359-365 [FREE Full text] [doi: 10.1111/j.1532-5415.2010.03243.x]
[Medline: 21314654]

23. Caplan GA, Harper EL. Recruitment of volunteers to improve vitality in the elderly: the REVIVE study. Intern Med J 2007
Feb;37(2):95-100. [doi: 10.1111/j.1445-5994.2007.01265.x] [Medline: 17229251]

24. Bickmore TW, Caruso L, Clough-Gorr K, Heeren T. ‘It's just like you talk to a friend’ relational agents for older adults.
Interact Comput 2005 Dec;17(6):711-735. [doi: 10.1016/j.intcom.2005.09.002]

25. Beuscher LM, Fan J, Sarkar N, Dietrich MS, Newhouse PA, Miller KF, et al. Socially assistive robots: measuring older
adults' perceptions. J Gerontol Nurs 2017 Dec 1;43(12):35-43 [FREE Full text] [doi: 10.3928/00989134-20170707-04]
[Medline: 28700074]

26. Chi NC, Sparks O, Lin SY, Lazar A, Thompson HJ, Demiris G. Pilot testing a digital pet avatar for older adults. Geriatr
Nurs 2017;38(6):542-547 [FREE Full text] [doi: 10.1016/j.gerinurse.2017.04.002] [Medline: 28479082]

27. Liang A, Piroth I, Robinson H, MacDonald B, Fisher M, Nater UM, et al. A pilot randomized trial of a companion robot
for people with dementia living in the community. J Am Med Dir Assoc 2017 Oct 1;18(10):871-878. [doi:
10.1016/j.jamda.2017.05.019] [Medline: 28668664]

28. García-Soler Á, Facal D, Díaz-Orueta U, Pigini L, Blasi L, Qiu R. Inclusion of service robots in the daily lives of frail older
users: a step-by-step definition procedure on users' requirements. Arch Gerontol Geriatr 2018 Jan;74:191-196. [doi:
10.1016/j.archger.2017.10.024] [Medline: 29128788]

29. Khosravi P, Rezvani A, Wiewiora A. The impact of technology on older adults’ social isolation. Comput Hum Behav 2016
Oct;63:594-603. [doi: 10.1016/j.chb.2016.05.092]

30. Demiris G, Thompson HJ, Lazar A, Lin SY. Evaluation of a digital companion for older adults with mild cognitive
impairment. AMIA Annu Symp Proc 2016;2016:496-503 [FREE Full text] [Medline: 28269845]

J Med Internet Res 2019 | vol. 21 | iss. 10 | e13440 | p. 10http://www.jmir.org/2019/10/e13440/
(page number not for citation purposes)

Bott et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/22040898
http://dx.doi.org/10.1017/S1355617711000531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22040898&dopt=Abstract
http://dx.doi.org/10.1111/scs.12147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24826811&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2009.09.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19854441&dopt=Abstract
http://dx.doi.org/10.1080/13607863.2012.758234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23330681&dopt=Abstract
http://dx.doi.org/10.1002/jhm.900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21834118&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23691749&dopt=Abstract
http://europepmc.org/abstract/MED/23992774
http://europepmc.org/abstract/MED/23992774
http://dx.doi.org/10.1016/S0140-6736(13)60688-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23992774&dopt=Abstract
http://europepmc.org/abstract/MED/22091567
http://dx.doi.org/10.1111/j.1532-5415.2011.03671.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22091567&dopt=Abstract
http://europepmc.org/abstract/MED/27321616
http://dx.doi.org/10.1111/jgs.14130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27321616&dopt=Abstract
http://dx.doi.org/10.1016/j.cger.2010.06.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20934615&dopt=Abstract
https://dx.doi.org/10.2147/CIA.S115755
http://dx.doi.org/10.2147/CIA.S115755
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27695303&dopt=Abstract
http://europepmc.org/abstract/MED/25643002
http://dx.doi.org/10.1001/jamainternmed.2014.7779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25643002&dopt=Abstract
http://dx.doi.org/10.1016/j.gerinurse.2016.06.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27471215&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2000.tb03885.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11129764&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2006.00744.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16776794&dopt=Abstract
http://europepmc.org/abstract/MED/21314654
http://dx.doi.org/10.1111/j.1532-5415.2010.03243.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21314654&dopt=Abstract
http://dx.doi.org/10.1111/j.1445-5994.2007.01265.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17229251&dopt=Abstract
http://dx.doi.org/10.1016/j.intcom.2005.09.002
http://europepmc.org/abstract/MED/28700074
http://dx.doi.org/10.3928/00989134-20170707-04
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28700074&dopt=Abstract
http://europepmc.org/abstract/MED/28479082
http://dx.doi.org/10.1016/j.gerinurse.2017.04.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28479082&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2017.05.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28668664&dopt=Abstract
http://dx.doi.org/10.1016/j.archger.2017.10.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29128788&dopt=Abstract
http://dx.doi.org/10.1016/j.chb.2016.05.092
http://europepmc.org/abstract/MED/28269845
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28269845&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


31. Wang V, Osborne T. Social robots and other relational agents to improve patient care. In: Chau D, editor. Using Technology
to Improve Care of Older Adults. New York: Springer Publishing Company; 2018.

32. Burton A. Dolphins, dogs, and robot seals for the treatment of neurological disease. Lancet Neurol 2013 Sep;12(9):851-852.
[doi: 10.1016/S1474-4422(13)70206-0] [Medline: 23948175]

33. Morgan VR, Mathison JH, Rice JC, Clemmer DI. Hospital falls: a persistent problem. Am J Public Health 1985
Jul;75(7):775-777. [doi: 10.2105/ajph.75.7.775] [Medline: 4003655]

34. Tzeng HM. Understanding the prevalence of inpatient falls associated with toileting in adult acute care settings. J Nurs
Care Qual 2010;25(1):22-30. [doi: 10.1097/NCQ.0b013e3181afa321] [Medline: 19553863]

35. The Official Website of New York State. Queens: Overview URL: https://www.ny.gov/counties/queens [accessed 2019-01-18]
36. United States Census Bureau. Quick Facts: Queens County (Queens Borough), New York URL: https://www.census.gov/

quickfacts/fact/table/queenscountyqueensboroughnewyork/POP645217 [accessed 2019-01-18]
37. Jamaica Hospital Medical Center. Hospital Facts URL: https://jamaicahospital.org/general-info/hospital-facts/ [accessed

2019-01-18]
38. Bickmore T, Gruber A, Picard R. Establishing the computer-patient working alliance in automated health behavior change

interventions. Patient Educ Couns 2005 Oct;59(1):21-30. [doi: 10.1016/j.pec.2004.09.008] [Medline: 16198215]
39. Wei LA, Fearing MA, Sternberg EJ, Inouye SK. The confusion assessment method: a systematic review of current usage.

J Am Geriatr Soc 2008 May;56(5):823-830 [FREE Full text] [doi: 10.1111/j.1532-5415.2008.01674.x] [Medline: 18384586]
40. Hughes ME, Waite LJ, Hawkley LC, Cacioppo JT. A short scale for measuring loneliness in large surveys: results from

two population-based studies. Res Aging 2004;26(6):655-672 [FREE Full text] [doi: 10.1177/0164027504268574] [Medline:
18504506]

41. Yesavage JA, Sheikh JI. 9/geriatric depression scale (GDS). Clin Gerontol 2008 Oct 25;5(1-2):165-173. [doi:
10.1300/j018v05n01_09]

42. Marc LG, Raue PJ, Bruce ML. Screening performance of the 15-item geriatric depression scale in a diverse elderly home
care population. Am J Geriatr Psychiatry 2008 Nov;16(11):914-921 [FREE Full text] [doi: 10.1097/JGP.0b013e318186bd67]
[Medline: 18978252]

43. Agency for Healthcare Research and Quality. 2013. Preventing Falls in Hospitals: How do you measure fall rates and fall
prevention practices? URL: https://www.ahrq.gov/professionals/systems/hospital/fallpxtoolkit/fallpxtk5.html [accessed
2019-09-04]

44. Chang SY, Chen WS, Teng T, Yeh CY, Yen HC. Fall risk program for oncology inpatients: addition of the 'traffic light'
fall risk assessment tool. J Nurs Care Qual 2019;34(2):139-144. [doi: 10.1097/NCQ.0000000000000353] [Medline:
30198946]

45. Singh I, Subhan Z, Krishnan M, Edwards C, Okeke J. Loneliness among older people in hospitals: a comparative study
between single rooms and multi-bedded wards to evaluate current health service within the same organisation. Gerontol
Geriatr Res 2016;2(3):1015 [FREE Full text]

46. Koenig HG, Meador KG, Cohen HJ, Blazer DG. Depression in elderly hospitalized patients with medical illness. Arch
Intern Med 1988 Sep;148(9):1929-1936. [doi: 10.1001/archinte.1988.00380090031009] [Medline: 3415405]

47. Vandenberg AE, van Beijnum B, Overdevest VG, Capezuti E, Johnson TM. US and Dutch nurse experiences with fall
prevention technology within nursing home environment and workflow: a qualitative study. Geriatr Nurs 2017;38(4):276-282
[FREE Full text] [doi: 10.1016/j.gerinurse.2016.11.005] [Medline: 27956058]

48. Stepler R. Pew Social Trends. 2016. Smaller Share of Women Ages 65 and Older Are Living Alone URL: http://www.
pewsocialtrends.org/2016/02/18/smaller-share-of-women-ages-65-and-older-are-living-alone/ [accessed 2019-09-04]

49. Anderson GO. AARP. 2010. Loneliness Among Older Adults: A National Survey of Adults 45+ URL: http://www.aarp.org/
research/topics/life/info-2014/loneliness_2010.html [accessed 2018-12-24]

50. Burns ER, Stevens JA, Lee R. The direct costs of fatal and non-fatal falls among older adults - United States. J Safety Res
2016 Sep;58:99-103. [doi: 10.1016/j.jsr.2016.05.001] [Medline: 27620939]

51. McCusker J, Cole MG, Dendukuri N, Belzile E. Does delirium increase hospital stay? J Am Geriatr Soc 2003
Nov;51(11):1539-1546. [doi: 10.1046/j.1532-5415.2003.51509.x] [Medline: 14687382]

Abbreviations
CAM: confusion assessment method
ECA: embodied conversational agent
GDS: Geriatric Depression Scale
HELP: The Hospital Elder Life Program
RA: research assistant
UCLA: University of California Los Angeles

J Med Internet Res 2019 | vol. 21 | iss. 10 | e13440 | p. 11http://www.jmir.org/2019/10/e13440/
(page number not for citation purposes)

Bott et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/S1474-4422(13)70206-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23948175&dopt=Abstract
http://dx.doi.org/10.2105/ajph.75.7.775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4003655&dopt=Abstract
http://dx.doi.org/10.1097/NCQ.0b013e3181afa321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19553863&dopt=Abstract
https://www.ny.gov/counties/queens
https://www.census.gov/quickfacts/fact/table/queenscountyqueensboroughnewyork/POP645217
https://www.census.gov/quickfacts/fact/table/queenscountyqueensboroughnewyork/POP645217
https://jamaicahospital.org/general-info/hospital-facts/
http://dx.doi.org/10.1016/j.pec.2004.09.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16198215&dopt=Abstract
http://europepmc.org/abstract/MED/18384586
http://dx.doi.org/10.1111/j.1532-5415.2008.01674.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18384586&dopt=Abstract
http://europepmc.org/abstract/MED/18504506
http://dx.doi.org/10.1177/0164027504268574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18504506&dopt=Abstract
http://dx.doi.org/10.1300/j018v05n01_09
http://europepmc.org/abstract/MED/18978252
http://dx.doi.org/10.1097/JGP.0b013e318186bd67
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18978252&dopt=Abstract
https://www.ahrq.gov/professionals/systems/hospital/fallpxtoolkit/fallpxtk5.html
http://dx.doi.org/10.1097/NCQ.0000000000000353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30198946&dopt=Abstract
https://austinpublishinggroup.com/gerontology/fulltext/ggr-v2-id1015.php
http://dx.doi.org/10.1001/archinte.1988.00380090031009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3415405&dopt=Abstract
http://europepmc.org/abstract/MED/27956058
http://dx.doi.org/10.1016/j.gerinurse.2016.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27956058&dopt=Abstract
http://www.pewsocialtrends.org/2016/02/18/smaller-share-of-women-ages-65-and-older-are-living-alone/
http://www.pewsocialtrends.org/2016/02/18/smaller-share-of-women-ages-65-and-older-are-living-alone/
http://www.aarp.org/research/topics/life/info-2014/loneliness_2010.html
http://www.aarp.org/research/topics/life/info-2014/loneliness_2010.html
http://dx.doi.org/10.1016/j.jsr.2016.05.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27620939&dopt=Abstract
http://dx.doi.org/10.1046/j.1532-5415.2003.51509.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14687382&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach; submitted 18.01.19; peer-reviewed by M Immonen, M Stein, S Ge; comments to author 25.04.19; revised
version received 21.07.19; accepted 19.08.19; published 17.10.19

Please cite as:
Bott N, Wexler S, Drury L, Pollak C, Wang V, Scher K, Narducci S
A Protocol-Driven, Bedside Digital Conversational Agent to Support Nurse Teams and Mitigate Risks of Hospitalization in Older
Adults: Case Control Pre-Post Study
J Med Internet Res 2019;21(10):e13440
URL: http://www.jmir.org/2019/10/e13440/
doi: 10.2196/13440
PMID: 31625949

©Nicholas Thomas Bott, Sharon Wexler, Lin Drury, Chava Pollak, Victor Wang, Kathleen Scher, Sharon Narducci. Originally
published in the Journal of Medical Internet Research (http://www.jmir.org), 17.10.2019. This is 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 published in the Journal of
Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.jmir.org/, as well as this copyright and license information must be included.

J Med Internet Res 2019 | vol. 21 | iss. 10 | e13440 | p. 12http://www.jmir.org/2019/10/e13440/
(page number not for citation purposes)

Bott et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.jmir.org/2019/10/e13440/
http://dx.doi.org/10.2196/13440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31625949&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

