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Abstract

Background: Technology use has become the most critical approach to maintaining social connectedness during the COVID-19
pandemic. Older adults (aged >65 years) are perceived as the most physiologically susceptible population to developing COVID-19
and are at risk of secondary mental health challenges related to the social isolation that has been imposed by virus containment
strategies. To mitigate concerns regarding sampling bias, we analyzed a random sample of older adults to understand the uptake
and acceptance of technologies that support socialization during the pandemic.

Objective: We aimed to conduct a population-based assessment of the barriers and facilitators to engaging in the use of technology
for web-based socialization among older adults in the Canadian province of British Columbia during the COVID-19 pandemic.

Methods: We conducted a cross-sectional, population-based, regionally representative survey by using the random-digit dialing
method to reach participants aged >65 years who live in British Columbia. Data were analyzed using SPSS (IBM Corporation),
and open-text responses were analyzed via thematic analysis.

Results: Respondents included 400 older adults aged an average of 72 years, and 63.7% (n=255) of respondents were female.
Most respondents (n=358, 89.5%) were aware of how to use technology to connect with others, and slightly more than half of
the respondents (n=224, 56%) reported that, since the beginning of the pandemic, they used technology differently to connect
with others during the pandemic. Additionally, 55.9% (n=223) of respondents reported that they adopted new technology since
the beginning of the pandemic. Older adults reported the following key barriers to using technology: (1) a lack of access (including
finance-, knowledge-, and age-related issues); (2) a lack of interest (including a preference for telephones and a general lack of
interest in computers); and (3) physical barriers (resultant of cognitive impairments, stroke, and arthritis). Older adults also
reported the following facilitators: (1) a knowledge of technologies (from self-teaching or external courses); (2) reliance on others
(family, friends, and general internet searches); (3) technology accessibility (including appropriate environments, user-friendly
technology, and clear instructions); and (4) social motivation (everyone else is doing it).

Conclusions: Much data on older adults’ use of technology are limited by sampling biases, but this study, which used a random
sampling method, demonstrated that older adults used technology to mitigate social isolation during the pandemic. Web-based
socialization is the most promising method for mitigating potential mental health effects that are related to virus containment
strategies. Providing telephone training; creating task lists; and implementing the facilitators described by participants, such as
facilitated socialization activities, are important strategies for addressing barriers, and these strategies can be implemented during
and beyond the pandemic to bolster the mental health needs of older adults.
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Introduction

The potential impact of the global COVID-19 pandemic has
been thought to have devastating implications for older adults,
who have a high risk of developing COVID-19. Older adults
have been experiencing social isolation as a result of physical
distancing, which may lead to long-term mental health problems
[1,2]. Early reports from China [3] have suggested that mental
health support should be integrated into pandemic planning.
However, nearly 1 year into the pandemic, such support has yet
to be realized. Early in the pandemic, global calls were issued
to address the risks of social isolation for older adults, which
can be mitigated by using technologies that help reduce social
isolation in times of physical distancing and address vital
socialization functions [4,5]. Rapid funding calls were issued
by health research agencies to determine how to best address
and support the mental health needs of older adults [6].

Many technologies are available for mitigating the mental health
consequences of social disconnection that has resulted from the
COVID-19 pandemic [5]. A growing number of older adults
have been adopting technology [7], and technology-facilitated
social connection interventions have a strong evidence base for
improving the mental and physical health of older adults [8-12].
However, to date, much of this evidence has come from
self-selecting samples of older adults who are recruited via
convenience sampling and participant members of community
groups [13]. These groups may not provide accurate
cross-sectional data on older adults’ use and uptake of
technology at the population level. This is particularly true for
nonrandomized studies of technology and older adults. It is
likely that self-selecting participants disproportionately represent
people from higher socioeconomic strata and younger age
groups, those with higher educational levels and greater digital
literacy, and those who prefer in-person communication over
web-based platforms [14].

In our previous study [O’Connell ME, unpublished data, 2021],
which was related to the pandemic, we hypothesized that
pandemic-created conditions have resulted in technology

becoming essential tools for meeting the socialization needs of
older adults. We found that older adults value one-on-one remote
telephone mentoring and the use of structured task-lists for
guiding their engagement with web-based socialization
activities. However, to understand whether web-based
socialization is acceptable to a population-based sample of older
adults, more research is needed.

The purpose of this study is to conduct a province-wide survey
in the Canadian province of British Columbia and to understand
the barriers and facilitators to engaging in web-based
socialization activities among older adults. This will complement
our existing British Columbia–based study, which involves an
environmental scan of web-based socialization programs and
in-depth interviews with older adults who engage with and
disengage from web-based socialization activities during the
pandemic.

Methods

Recruitment
In January 2021, we conducted a population-based,
cross-sectional survey with adults aged >65 years. The survey
was conducted by the Canadian Hub for Applied and Social
Research (CHASR). We used a random-digit dialing approach
to call landlines and mobile phones within the province of
British Columbia. Upon providing consent to participate,
individuals were asked to confirm that they were aged >65 years
and resided within the province before they proceeded to answer
the substantive and sociodemographic questions.
Sociodemographic questions involved the following topics:
gender, the highest level of education, and household income.
The survey questions were intended to obtain a snapshot of
technology use during the pandemic, which included aspects
such as any changes to technology use, barriers and facilitators,
and how technology was used to mitigate social isolation during
the COVID-19 pandemic. The survey was piloted by CHASR
staff among a random sample of five older adults to ensure that
questions were acceptable and understandable to participants.
The specific survey questions are shown in Textbox 1.

Textbox 1. Survey questions.

1. Are you aware of how you can use technology to connect with others?

2. Since the beginning of the pandemic, are you using technology differently to connect with others?

3. Was this new technology or had you used it before?

4. Are you still using technology or did you stop?

5. What stops you from using technology to connect with others?

6. What would help or has helped you use technology to connect with others?

7. Are finances a barrier to your use of technology?
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Data Analysis
Data analyses were performed using SPSS, version 27.0 (IBM
Corporation). Descriptive statistics, including means and
frequencies, were used to describe the study sample.

Thematic Analysis
Of the 7 questions, 2 were used to obtain open-text data, and
we sought to thematically analyze these data to understand the
main barriers and facilitators to using technology. We used a
qualitative approach to open-text survey analysis, as per Braun
et al [15]. For both questions 5 and 6 (Textbox 1), three authors
(KH, LK, IR) conducted a thematic analysis. Responses were
read, reread, coded with a descriptive label, and organized into
broad themes. Themes and exemplar quotes were reviewed by
the team to ensure consensus on the content and nature of the
themes.

Results

Characterization of the Sample
Participants were aged an average of 72.2 years (range 65-107
years; SD 7.38 years), and 63.7% (255/400) of the sample were
female. The majority of participants (264/400, 66%) completed
some level of postsecondary education; 21.5% (85/400) of
participants completed or took some technical or college courses,
28.8% (115/400) took some or completed university courses,
and 15.8% (63/400) completed postgraduate training (eg,
Master’s, professional, or doctoral degree). The remaining
participants completed some (44/400, 11%) or all of high school
(91/400, 22.8%). Of the 248 participants who reported their
total household income from all sources, including pensions,
25 (10%) reported an income of less than Can $25,000/year
(US $19,858/year), 74 (29.8%) reported an income that ranged
from Can $25,000/year to Can $75,000/year (US $19,858/year
to US $59,574/year), and 55 (22.1%) reported an income of
over Can $75,000/year (US $39,574/year).

Using Technology to Connect With Others
The majority of respondents (358/400, 89.5%) stated that they
were aware of how to use technology to connect with others.
Since the beginning of the pandemic, slightly more than half of
the participants (224/400, 56%) reported that they used
technology differently to connect with others. Furthermore,
55.9% (223/400) of respondents reported that they adopted new
technology since the beginning of the pandemic. Age was not
associated with using technology differently during the
pandemic (point-biserial correlation coefficient [rpb]=−0.09;
P=.089), but increasing age was associated with fewer people
reporting that they knew how to use technology to connect with
others (rpb=−0.21; P<.001). Compared to those with lower
education, participants with higher education were more aware
of how to use technology to engage with others (Spearman rank
correlation coefficient [rs]=−0.16; P=.002) and were more likely
to report that the pandemic changed the way that they used
technology (rs=−0.17; P=.001).

Barriers to Web-Based Socialization
In total, 91% (364/400) of participants reported that they
continued to use the technologies that they started using during
the pandemic. The remaining 9% (36/400) reported that they
stopped using technology. The reasons for stopping the use of
technology or not using technology varied. In total, 53
respondents stated that they did not use or stopped using
technology during the pandemic. The three main reasons for
not using technology included the following: (1) a lack of
interest; (2) a lack of access; and (3) physical limitations. These
barriers are described below.

Participants’ lack of interest was reported to by a result of their
disinterest in computers in general, preferences for and comfort
with the use of telephones, and feelings of simply being “too
old.” One respondent’s lack of interest in computers was
described as follows:

I like to do other things and I've never been that way
inclined. It came out when I was too old to be
bothered with it.

Another respondent said, “I’m old school and I don’t need it.”
Others explained that when they retired, they did not want to
deal with computers anymore. For instance, one participant
stated:

When I retired, I said, “I don't want to look at another
one for years. I have other things to do.”

Participants also stated that their affinity for using the telephone
arose because telephones were their main means of connection.
One participant simply stated, “I would rather talk to people on
the phone.” Others described their desire to hear a human voice
and felt that this was impossible to achieve with other forms of
technology. A participant said:

I watch a lot of young people who do not socialize
the way I like to socialize. I would rather
communicate with people over the phone over text
messages. I do not choose to do anything online; I
am computer illiterate.

A final quote from one woman indicated how personal
disinterest can drive one’s aversion to technology. She stated:

I do not like technology at all, and people should use
their minds and not technology. Old ladies do not like
it. I don't do gadgets.

A lack of access to technology for socialization included barriers
such as financial costs, a lack of trust, and a lack of knowledge.
Several older adults stated that they simply “don’t have a
computer” and that this prevented them from using computers
for socialization. Others felt the costs of either technology or
the internet was “too expensive.” For example, one respondent
simply said their main barrier was “not having the internet
because it’s too expensive; [I] can't afford it.” Others described
a lack of knowledge as an insurmountable challenge. For
instance, a respondent said, “I have no idea about anything.”
Another respondent expressed a newfound desire to learn about
using technology since the start of the pandemic but felt that
they did not have the skills to do so. This respondent stated:
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I don't feel good at it and never had the need until
last year and I wish I had done it.

Several participants felt that although their lack of knowledge
was a problem, they would use technology if training was more
accessible. A respondent stated that they would use technology
“if there had been an affordable course for education.” They
went on to say:

I started using computers in 1969, but I didn't keep
up. If there was a course for other idiots like me, I
would be more aware. But I have looked, and it is too
expensive to pay for a weekend course.

The final barrier was related to those who were physically
unable to use technology for web-based socialization, which
included five individuals. One of the physical challenges
described included eyesight (“I have bad eyesight and it is worse
to see things; it is difficult”). Furthermore, two individuals
believed that their experiences of having a stroke impacted their
ability to engage with technology. One stated:

I have had a stroke and only have my left hand with
which to type, so I haven't done any typing since that
stroke. It is intimidating.

Two respondents experienced cognitive challenges resulting
from a head injury, and one person reported “cognitive
impairment” as a primary barrier that impeded their use of
technology.

Facilitators to Web-Based Socialization
We also asked participants to describe what helped them or
would help them use technology for socialization during the
pandemic. In total, 91.5% (366/400) of respondents provided
at least 1 facilitator to technology use. The themes that described
key facilitators were related to the following: (1) prior
knowledge of technology; (2) the act of asking others for help;
(3) technological accessibility; and (4) social motivation.

Respondents believed that prior knowledge of and familiarity
with technology was fundamental to their ability to use
technology to socially connect with others during the pandemic.
Many participants indicated that learning how to use specific
technologies helped them to stay connected with others during
the pandemic. One respondent stated:

I guess learning how to use it and people guiding us
along, do this do that here's how to mute, hints that
people have given through the months.

Many older adults had prior knowledge of technology use. One
respondent said:

I go to work and use a lot of technology in my work.

Other respondents obtained technology knowledge by seeking
answers and instructions from web-based platforms. One person
stated that they were familiar with technology and adopted new
tools to connect with others since the pandemic began. This
person said:

I've been using the internet for years. Zoom was new
to me. My husband has used it before. It wasn't new,
but I hadn't used it personally. We use it now to
connect without any problems.

Several participants also described how they used their limited
technology skills to learn more by simply searching the internet.
One participant said that they “just [found] information on the
internet on how to do it.”

Many older adults felt they were not capable of independently
using technology and heavily relied on access to help, which
typically came from family members or friends when the need
to use technology arose. A respondent said:

If I have a question, I can ask [my kids]. They're my
tech support.

Another respondent stated:

My son, who was a computer expert, helps me Skype
so I can see my friends in a different province.

Participants also depended on their friends—fellow older
adults—to adopt new technologies during the pandemic. One
participant said:

A friend of mine introduced me to using my iPad, and
if I have a problem, I phone her.

Participants emphasized the importance of having access to the
support they needed to use technology, especially during a
pandemic, as technology was their only connection to people.
One participant stated:

When I have problems with my computer or iPad, my
son is the one who would come and troubleshoot it
for me. Email has helped me and Zoom as well. I am
retired, so I just email or telephone them to have a
one-on-one conversation. I find it really important
right now to have a one on one in this time of virus
with our technology, such as phone or email.

Several older adults also indicated that they put little time and
effort into maintaining or using technology and preferred having
someone facilitate their technology experiences. For instance,
a participant stated:

When I do go online with Zoom, I rest in the comfort
of somebody else facilitating it.

Older adults’ perceptions of the accessibility and
user-friendliness of technological devices, services, and
platforms considerably determined their willingness to use
technology to socially connect with others. Older adults
repeatedly voiced a desire for clearer instructions (than those
that are typically available) on how to use technologies and
technology applications. They also described the need for or
use of supportive technology services that facilitate their
technology use. One respondent stated:

I'm not very comfortable using Zoom. It is difficult to
connect. I can use other things, but experiences with
Zoom or group meetings is very confusing and has
been cutting out. it could be clearer and easier to
connect. I am older but not isolated from tech.

Access to up-to-date technologies and devices, such as
smartphones, and the availability of reliable internet connectivity
were additional facilitators of older adults’ engagement with
technology. One participant said:
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Well, more education on different modern stuff.
Things like newer cellphone, cameras, and etc. We
don’t use latest technology. When you look at my date
of birth, you’ll see that I’m no youngster.

Several respondents believed that their use of technology was
enabled or obstructed by their environment as a result of both
social and material factors. Older adults who lived in rural or
isolated communities experienced heightened barriers to
technology use. Additionally, older adults who remained in the
workforce reported a heightened use of and increased access to
technology for work-related activities. A respondent stated that
a main facilitator was “the fact that I am still working.”

Older adults also believed that their engagement with technology
for connecting with others was largely driven by social
motivation. A participant stated:

I am doing it too because everyone is doing it: social
interest.

This motivation has arisen not only due to a desire to maintain
social connections that were established prior to the pandemic,
but also due to social pressures to use technology, as older
adults’ friends, family members, and wider social circles and
communities have increasingly used web-based platforms as a
result of pandemic-related restrictions. One participant described
this social pressure and its related implications for learning how
to use technology for web-based socialization. This participant
stated that “this technology was used by my peers and I had to
learn it.”

Discussion

Principal Results
The 400 older adults we surveyed were aware of how to use
technology to connect with others and reported that, since the
beginning of the pandemic, they used technology differently to
connect with others during the pandemic. More than half of the
respondents (223/400, 55.9%) reported that they adopted new
technology since the beginning of the pandemic. Nevertheless,
older adults reported several key barriers to using technology,
such as a lack of access, a lack of interest, and physical barriers.
However, participants described more facilitators than barriers.
Such facilitators included personal knowledge, support from
family and friends, and the social pressures imposed by the
pandemic. These findings are promising as we enter the second
year of the pandemic. Although there have been optimistic plans
for vaccinating the majority of Canadians within the year, it is
unclear whether such plans will be realized. A clearer
understanding of the use of web-based socialization technology
among older adults will provide important opportunities for
identifying future interventions and support services during and
beyond the pandemic.

Limitations
The sample in this cross-sectional study was predominantly
female and more well educated than the general population.
Therefore, our sample may not be representative of the general
population. Furthermore, in an effort to keep the survey brief
(as it was conducted via telephone), we only included a minimal
number of demographic-related questions. In ongoing research,

we intend to closely examine the individual situations of older
adults in greater depth. Although we used a random sampling
approach and were able to gather the perspectives of individuals
who did and did not use technology (which is a challenge in the
majority of technology-related research), our results are
influenced by an element of response bias. We were unable to
report a true response rate due to the limits of random-digit
dialing, as the overall number of refusals could not be tracked
with certainty. For example, it was unclear whether phone
hang-ups were actually from households with eligible
participants (adults aged >65 years).

Comparison With Prior Work
The implications of social isolation and the reduced number of
social networks were well documented prior to the pandemic
[16]. However, our findings show that many older adults are
doing their best to obtain family and community support to
access technologies and demonstrating many strengths during
the pandemic. These findings are in line with prior qualitative
work by the first author, wherein older adult cancer survivors
described their previous life and illness experiences of coping
with the pandemic [17,18]. Drawing further information from
older adults’ interests, motivations, and willingness with regard
to their engagement with technology has promising implications
for mitigating the devastating effects of the isolation that has
been imposed by the pandemic.

In prior and ongoing work that was conducted during the
pandemic, we studied the landscape of web-based socialization
and the potential of remote technology training and mental
health support. This survey study mirrors our prior study of a
small sample of older adults, in which structured task lists were
seen as integral in supporting older adults’ use of technology
to meet their web-based socialization needs [O’Connell ME,
unpublished data, 2021]. Furthermore, our population-based
survey study demonstrated that clear instructions for using
technologies, such as Zoom, for socialization purposes are
needed for older adults to feel confident in their use of such
technology. Our findings also support the potential of partnering
with community groups that provide technological support (eg,
task lists) and implementing remote training for using
technology to encourage technology use among older adults.

In this study, the fact that several respondents did not feel
confident in their technology use is an important implication.
A lack of exposure to technology (ie, the digital divide) can
result in additional psychological barriers to technology use (ie,
the double digital divide). For example, participants from rural
areas are unlikely to have access to the physical infrastructures
that are needed for facilitating exposures to technology. This
adds a psychological, technology adoption–related barrier to
the existing technology adoption barriers that are described in
the rural technology acceptance model [19]. The psychological
barriers to technology adoption include those that were revealed
in our study, such as the low perceived ease of use of new
technologies, which was noted in the technology accessibility
theme. A more fundamentally important psychological barrier
to technology adoption may be the perception that technology
is not going to be useful [19]. Data from O’Connell et al [19]
are in line with those of other studies; the COVID-19 pandemic
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has changed how older adults perceive technology’s usefulness.
They now see technology use as a method for maintaining social
and community ties while complying with physical distancing
measures and have therefore increased their adoption of
technology. In a previous study, we described how remote
training and support can help facilitate technology adoption,
which would help people maintain social and community
connections during the pandemic [O’Connell ME, unpublished
data, 2021]. We also reported how the process of the pandemic’s
impact on older adults’ perceptions of technology is described
in the COVID-19–technology acceptance model [O’Connell
ME, unpublished data, 2021].

In terms of addressing the challenges of the digital divide,
incorporating the perspectives of older adults is an integral
aspect of the increased use and uptake of digital technologies
[20]. The first step in achieving positive, technology-driven
outcomes in mental health (and other fields) is the articulation
of barriers and facilitators. By conducting studies that examine
older adults’ perspectives via exploratory qualitative analyses,
we were able to better understand older adults’perceived needs,
challenges, and benefits in the context of evolving technologies.
The cocreation of technologies with older adults has been
suggested as an effective means of increasing technology
engagement among older adults with mental health conditions
[21].

We found that older adults’ engagement with technology may
be impeded or facilitated by a range of factors, and this finding
is in line with those of related, prepandemic research. Our results
were similar to the findings of previous studies that examined
older adults’ views on using technology to maintain social
connectedness before the pandemic. Széman [22] has noted that
older adults prefer to use simple software and websites. This
implies that the difficulty and complexity of new technologies
have always prevented older adults from using such technology
to connect with others. On the other hand, our findings indicate
that older adults can learn how to effectively use technologies
to build or maintain social connections, especially when they
experience the social pressure to do so [23]. Prior research has
found that feelings of fear and resentment toward using
technology can be overcome by training and increasing the
frequency of use, as people gain confidence as they continue to
use technological devices and navigate through websites and
social media platforms [24].

Familial support and the drive to maintain family relationships
have previously been identified as key facilitators of
technological engagement among older adults. In our study,
older adult participants used technology as a means of
maintaining contact with close family members, and this finding
is similar to those of previous studies [22,25]. These studies
have indicated that engagement and communication with family
members, especially with grandchildren, are driving factors for
participants’ willingness to learn about new technologies.
Notably, many previous studies that implemented technological
interventions also provided either in-person or remote support
to older adult participants to provide assistance or ensure that
applications were operating in the correct manner [26,27]. In
such studies, interventions that were not supported by research
staff relied on support from family members [28]. This calls
attention to the importance of older adults’ access to support
while they learn how to use new technologies, regardless of
whether this support comes from family or external sources.
This was made evident by the frequency with which our
respondents described how they relied on friends, family
members, or supportive services to facilitate or provide
instructions on the use of technology for social engagement.

Studies similar to ours have found that physiological barriers,
such as hearing and vision loss [29] or issues with dexterity and
poor coordination [25,30-32], may impede older adults’
willingness to engage with technology. This sentiment was also
reported by our respondents, who stated that physical or
cognitive limitations related to injuries or age-related decline
inhibited their use of technological applications.

Conclusions
Older adults are facing an unprecedented challenge during the
COVID-19 pandemic. This study provides information on the
facilitators of accessing technology that supports socialization
and the barriers that are the most important to older adults. Our
findings regarding these barriers and the mounting evidence in
existing literature demonstrate that partnerships with community
groups can potentially bolster socialization support for older
adults. These study findings have immediate implications for
supporting older adults. However, our findings’ sustained
importance will be determined by how we can facilitate the use
of technologies for socialization now and in the future.
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Abstract

Background: As the global population ages, there is increased interest in developing strategies to promote health and well-being
in later life, thus enabling continued productivity, social engagement, and independence. As older adults use technologies with
greater frequency, proficiency, and confidence, health information technologies (HITs) now hold considerable potential as a
means to enable broader access to tools and services for the purposes of screening, treatment, monitoring, and ongoing maintenance
of health for this group. The InnoWell Platform is a digital tool co-designed with lived experience to facilitate better outcomes
by enabling access to a comprehensive multidimensional assessment, the results of which are provided in real time to enable
consumers to make informed decisions about clinical and nonclinical care options independently or in collaboration with a health
professional.

Objective: This study aims to evaluate the usability and acceptability of a prototype of the InnoWell Platform, co-designed and
configured with and for older adults, using self-report surveys.

Methods: Participants were adults 50 years and older who were invited to engage with the InnoWell Platform naturalistically
(ie, at their own discretion) for a period of 90 days. In addition, they completed short web-based surveys at baseline regarding
their background, health, and mental well-being. After 90 days, participants were asked to complete the System Usability Scale
to evaluate the usability and acceptability of the prototyped InnoWell Platform, with the aim of informing the iterative redesign
and development of this digital tool before implementation within a health service setting.

Results: A total of 19 participants consented to participate in the study; however, only the data from the 16 participants (mean
age 62.8 years, SD 7.5; range 50-72) who completed at least part of the survey at 90 days were included in the analyses. Participants
generally reported low levels of psychological distress and good mental well-being. In relation to the InnoWell Platform, the
usability scores were suboptimal. Although the InnoWell Platform was noted to be easy to use, participants had difficulty identifying
the relevance of the tool for their personal circumstances. Ease of use, the comprehensive nature of the assessment tools, and the
ability to track progress over time were favored features of the InnoWell Platform, whereas the need for greater personalization
and improved mobile functionality were cited as areas for improvement.

Conclusions: HITs such as the InnoWell Platform have tremendous potential to improve access to cost-effective and low-intensity
interventions at scale to improve and maintain mental health and well-being in later life. However, to promote adoption of and
continued engagement with such tools, it is essential that these HITs are personalized and relevant for older adult end users,
accounting for differences in background, clinical profiles, and levels of need.

(JMIR Aging 2021;4(2):e25928)   doi:10.2196/25928
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Introduction

Capitalizing on Technology to Support Health and
Well-being
As the global population rapidly ages, there has been an
increased focus on the development of strategies to support and
maintain health and well-being in later life. As described in
detail in our previous work [1], the international literature
indicates that approximately two-thirds of adults aged ≥65 years
report internet use [2,3], and these older adults also represent
the fastest growing group of internet users [4]. Globally,
government initiatives have been launched to improve the digital
literacy and web-based safety of older adults [5,6]. Thus, using
health information technologies (HITs) for mental health
screening, intervention delivery, and routine outcome monitoring
will be increasingly practical options for older adults.

The Usability and Acceptability of HITs
Although there are more than 400,000 health care apps available
on the market, app use data indicate that most health-related
apps have fewer than 10,000 downloads [7]. Recognizing that
HITs, such as apps, have enormous potential for empowering
self-management [8], the health, medical, and research sectors
internationally are prioritizing strategies to enhance community
and consumer acceptability, usability, and engagement with
such digital tools. Participatory design methodologies facilitate
the active participation of key stakeholders in the design of
HITs, with the aim of ensuring that the end product meets the
needs of the end user, improves usability, and increases
engagement of all individuals [9-11]. Despite this evidence,
with the exception of a diet diary app for older adults with
macular degeneration, few HITs have been designed specifically
for older adults.

Importantly, as reported by LaMonica et al [12], the majority
of a sample of older adults (198/209, 95%) presenting to a
specialized memory clinic reported that they were interested in
a web-based tool designed to support healthy aging, including
physical health and cognition, self-management of existing
conditions, and routine tracking of changes in health outcomes
over time. Similarly, most respondents (172/206, 82%) also
reported interest in a tool to assess and track mood-related
concerns and changes [12]. Given older adults’ interest in and
motivation to use HITs to improve health and well-being
[12,13], it is critical that HITs are tailored to the older adult
community, taking into consideration their unique needs as
users.

The InnoWell Platform
In 2017, the Australian Government Department of Health and
InnoWell Pty Ltd (a joint venture between the University of
Sydney and PwC [Australia]) entered into a 3-year funding
agreement to deliver Project Synergy (2017-2020). The objective
of Project Synergy is to conduct a series of collaborative
research trials with the specific purpose of co-designing and
implementing innovative HITs, including the InnoWell Platform,
to enable improved mental health service delivery in Australia,
facilitating better outcomes for people with lived experience
and their supportive others as well as health professionals and

service providers [14]. As detailed in papers by Davenport et
al [15] and Iorfino et al [16], the InnoWell Platform comprises
a multidimensional assessment targeting a range of
biopsychosocial domains to capture a holistic view of the
consumer. These data can be complemented by objective
behavioral data collected via third-party integrations (eg, Fitbit)
and informant-based information, including information
provided by supportive others and health professionals. The
assessment results are delivered in real time to the consumer at
which point they can choose from a range of nonclinical care
options (eg, apps and e-tools) that they can engage with
immediately. If the consumer is engaged in care through a
mental health service, the results are designed to be reviewed
collaboratively with a health professional to promote shared
decision making in relation to both clinical and nonclinical care
options, accounting for consumer preferences. Additional
information about the functionality and objectives of the
InnoWell Platform is available on the InnoWell website [17].

Through participatory design, we configured a prototype of the
InnoWell Platform specifically for older adults, including
modification of health domains, informational material, and
care options, to ensure relevance and appropriateness for this
end user group [1]. This study, a supplement to the original
co-design research, aims to evaluate the usability and
acceptability of the prototyped older adult configuration of the
InnoWell Platform. It is important to note that the InnoWell
Platform is indicated for the support of assessment, monitoring,
and management of mental ill health and maintenance of
well-being; however, as the digital tool is still being validated
through a clinical trial [15], recommendations regarding
adherence or frequency of use have not been defined [18].
Rather, consumers are free to engage with the InnoWell Platform
as it suits their needs.

Methods

Participants
Participants were required to be aged ≥50 years, be proficient
in English, and complete the required informed consent process.
As the study design was naturalistic, there was no predetermined
sample size in relation to the number of participants who were
able to engage with the prototype. To align with our previous
work, we defined older adults as aged ≥50 years [1,12], as age
50 years relates to the onset of disorders in later life [19] as well
as the identified age range during which it is recommended to
address risk factors (ie, cardiovascular disease, obesity, diabetes,
etc) known to interfere with healthy aging [20].

This study was advertised through the University of Sydney’s
Brain and Mind Centre (BMC) research clinics and private
organizations (ie, InnoWell) associated with the BMC. Interested
participants were directed to a study-specific webpage on
REDCap (Research Electronic Data Capture), a research data
collection tool, where they were able to read detailed
information about the study before providing consent
electronically. Recruitment ran for 5 months (May to September
2020).
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90-Day Naturalistic Engagement With the InnoWell
Platform
Participants were invited to engage with the InnoWell Platform
naturalistically (ie, in a manner of their choice) for a period of
90 days; there were no specifications set in terms of frequency
or patterns of use. On providing informed consent to participate
in the study, the participants received an email invitation to the
InnoWell Platform. They were then required to create an
account, at which point they were asked to set up their profile
by answering a series of demographic questions (ie, year of
birth, level of education, and gender at birth). Having established
a profile in the InnoWell Platform, participants were asked to
complete a comprehensive multidimensional assessment
comprising self-report questionnaires assessing a range of
biopsychosocial domains specifically tailored to the older adult
community (ie, cognition, sleep, and instrumental activities of
daily living). The assessment results are then available in real
time. In addition, participants were able to access
psychoeducational material about all biopsychosocial domains,
including clinical care options should that be warranted. In
addition, a range of nonclinical care options are available to
facilitate the self-management of mental health and well-being.
The assessment tools embedded within the InnoWell Platform
enable participants to reassess themselves across any or all of
the biopsychosocial domains, thus allowing them to track
progress over time. Importantly, all steps outlined earlier are
voluntary, enabling the participant to discontinue at any time,
with the option to return to the InnoWell Platform should they
choose to do so. As the InnoWell Platform is designed to be
intuitive, enabling independent use by consumers, this approach
was believed to best mirror real-world engagement with the
digital tool, thus facilitating evaluation of the acceptability and
usability in this context.

In conjunction with their engagement with the InnoWell
Platform, participants were asked to complete short web-based

surveys via REDCap at baseline regarding their demographics,
health, and well-being, including the Kessler Psychological
Distress Scale, an internationally recognized, 10-item scale [21],
and the World Health Organization-5 (WHO-5) Well-Being
Index, a well-validated, 5-item measure of well-being in older
adults [22]. On day 90, participants completed web-based
questionnaires about their use of and feedback on the InnoWell
Platform as well as the System Usability Scale [23], a 10-item,
5-point Likert-scale evaluating the usability and acceptability
of the digital tool. Importantly, no data were collected directly
using the InnoWell Platform.

Data Analysis
Descriptive statistics were used to analyze all aspects of the
assessment data. Given that the overall sample size was small
(N=16), response options were collapsed for some analyses,
combining strongly agree and agree as well as strongly disagree
and disagree. The Statistical Software Package for Social
Sciences version 25 (IBM Corp) was used for all analyses.

Ethics
The research study was approved by the Human Research Ethics
Committee of the University of Sydney (project 2019/172).

Results

Demographics
A total of 19 participants consented to participate in the study;
however, only the data from the 16 participants (mean age 62.8
years, SD 7.5; range 50-72) who completed at least part of the
survey at 90 days were included in the analyses. The
demographic information is presented in Table 1. Overall,
participants had a minimum of 12 years of education, were
married or living with a partner, and were functioning
independently without the need for care or support services.

JMIR Aging 2021 | vol. 4 | iss. 2 |e25928 | p.13https://aging.jmir.org/2021/2/e25928
(page number not for citation purposes)

LaMonica et alJMIR AGING

XSL•FO
RenderX

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


Table 1. Participant demographic information.

Participant, n (%)Demographic and response

Language

16 (100)English

0 (0)Other

Aboriginal or Torres Strait Islander

16 (100)No

0 (0)Yes

Gender at birth

9 (56)Female

7 (44)Male

Gender identification

9 (56)Female

7 (44)Male

Sexual orientation

1 (6)Bisexual

0 (0)Gay or lesbian

1 (6)Prefer not to answer

14 (88)Straight

Highest level of education

6 (37)Postgraduate diploma, masters, or PhD

5 (31)Undergraduate degree

3 (19)Certificate or diploma (includes TAFEa and trade qualification)

2 (13)Year 12 or equivalent

Relationship status

4 (25)Divorced

10 (63)Married or living with partner

1 (6)Separated (but still legally married)

1 (6)Single (and have never been married)

Living circumstancesb

12 (75)Living with family (including partners and dependents), friends, or flat mates

3 (19)Living on my own

1 (6)Living in a retirement village or self-care unit

Do you have children?

12 (75)Yes

4 (25)No

Do you have a disability?

1 (6)Yes

15 (94)No

Do you receive a government-based benefit?

6 (38)Yes

3 (49)Age pension

1 (17)Carer allowance
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Participant, n (%)Demographic and response

1 (17)Financial assistance for carers (eg, care payment, carer allowance, and carer supplement)

1 (17)Other

10 (62)No

aTAFE: Technical and Further Education.
bAll participants lived independently.

Self-Reported Mental Health and Well-being
In relation to mental health and well-being, participants
generally reported low levels of psychological distress (median
16.2, range 10-32 with a score of 50 representing the most severe
level of psychological distress), although 2 participants indicated
high (26) or very high (32) distress levels. Similarly, most
participants endorsed good mental well-being (median 64.0,
range 12.0-96.0 out of a possible 100 points); however, one
participant had a percentage score of 12 on the WHO-5,

reflecting the worst possible well-being according to established
scoring procedures [24].

Use of the InnoWell Platform
Table 2 reflects the frequency and regularity with which
participants engaged with the InnoWell Platform, with most
participants having used the digital tool only once, at the point
of the initial invitation. Participants were unsure (indicating
maybe) if the InnoWell Platform would be useful for individuals
with mental health concerns, and, as shown in Figure 1, they
gave it an average rating of 3 stars.
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Table 2. Patterns of use of the InnoWell Platform.

Participant, n (%)aQuestion

When did you first use the InnoWell Platform?

2 (12)Today

0 (0)Less than a week ago

0 (0)Less than a month ago

4 (25)More than a month ago

2 (12)Approximately 2 months ago

8 (50)Approximately 3 months ago

How often did you use the InnoWell Platform?

0 (0)Every day or almost every day

0 (0)Once or twice a week

3 (19)Once or twice a month

13 (81)Less than once a month

How many times (in total) have you logged into the InnoWell Platform?

8 (53)1 time

6 (40)2-5 times

1 (7)6-10 times

0 (0)11-20 times

0 (0)>20 times

When using the InnoWell Platform how long did you normally stay logged on?

7 (47)1-5 min

5 (33)6-10 min

3 (20)11-20 min

0 (0)21-30 min

When would you most commonly use the InnoWell Platform?

2 (14)Early morning (5 AM to 9 AM)

3 (21)Midmorning (9 AM to noon)

0 (0)Early afternoon (noon to 3 PM)

5 (36)Midafternoon (3 PM to 6 PM)

4 (29)Evening (6 PM to 11 PM)

0 (0)Night time (11 PM to 5 AM)

What device did you most commonly use to access the InnoWell Platform?

6 (38)Personal laptop

4 (25)Smartphone

3 (19)Tablet

2 (12)Personal desktop computer

1 (6)Shared desktop computer

Do you think the InnoWell Platform is useful or helpful for people with mental health concerns?

0 (0)No

11 (69)Maybe

5 (31)Yes

Do you like the InnoWell Platform?

1 (6)No
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Participant, n (%)aQuestion

9 (56)Maybe

6 (38)Yes

If it was still available, how many times do you think you might use the InnoWell Platform in the next 12 months?

4 (25)None

3 (19)1-2 times

8 (50)3-10 times

1 (6)10-50 times

0 (0)>50 times

aIn some instances, percentages do not sum to 100 due to rounding errors.

Figure 1. Participant star ratings of the InnoWell Platform (N=16).

Usability and Acceptability of the InnoWell Platform
The usability ratings of the InnoWell Platform are summarized
in Table 3. Overall, participants reported a suboptimal user
experience (median 65, range 45-100 out of a possible 100
points). Although they did not indicate that the InnoWell
Platform was difficult to use or overly complex, most
respondents noted that they were unsure if they would use the
digital tool.

As shown in Textbox 1, participants’ qualitative feedback on
their initial impressions of the InnoWell Platform also varied,

with one participant describing it as “impressive”, whereas
another stated, “I wasn’t sure how to use it.”

Textbox 2 highlights the participants’ favorite features of the
InnoWell Platform, including ease of use, the comprehensive
nature of the multidimensional assessment, and the ability to
track health status over time, all of which are core elements of
its conceptualization and design [7,8].

Importantly, participants also provided valuable suggestions as
to how best to improve the InnoWell Platform to enhance the
user experience and promote engagement, including the need
for greater personalization as well as improved technical
functionality to enable use on different devices (Figure 2).
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Table 3. System Usability Scale ratings of the InnoWell Platform (n=15).

Participant, n (%)Statement

“Strongly agree” or “agree”“Neutral”“Strongly disagree” or “disagree”

3 (20)8 (53)4 (27)I think that I would like to use this system frequently.

0 (0)4 (27)11 (73)I found the system unnecessarily complex.

10 (67)5 (33)0 (0)I thought the system was easy to use.

0 (0)7 (47)8 (53)I think that I would need the support of a technical person to
be able to use this system.

5 (33)10 (67)0 (0)I found the various functions in this system were well integrated.

0 (0)5 (33)10 (67)I thought there was too much inconsistency in this system.

10 (66)5 (33)0 (0)I would imagine that most people would learn to use this system
very quickly.

0 (0)4 (27)11 (73)I found the system very cumbersome to use.

8 (53)7 (47)0 (0)I felt very confident using the system.

1 (7)6 (40)8 (53)I needed to learn a lot of things before I could get going with
this system.

Textbox 1. Initial impressions of the InnoWell Platform.

What were your first impressions of the InnoWell Platform?

• Positive

• “Impressive and if used with your GP (general practitioner) & Psychologist it offers a much better set of tools for managing depression and
anxiety than doing the simple DAS (Depression, Anxiety, Stress) scales.”

• “Easy to use, relevant, accessible. Favourable impression overall”

• “Quite good”

• “The ease of use, it was simple and easy to navigate on a mobile phone.”

• “I thought it was very useful in directing your attention to those aspects of your lifestyle which were likely to affect physical and mental
health outcomes”

• “Clean, easy to use interface”

• Neutral

• “InnoWell is a program for assessing the mental health of members of the community”

• “Given that I don’t appear to have any real issues it is hard to comment on the need for reassurance or help”

• “Program might be of use”

• “I have to admit I only used it once and now I cannot find it. Maybe I don’t need it right now...”

• Negative

• “Never even looked at it, until you asked me to evaluate it...”

• “I wasn’t sure how to use it”

• “The system assumes user curiosity about negative aspects. Not enough reward built in. Not sure what it was or what value it would be”

• “It could be that the number of times I felt certain ways could be inaccurate. Also it relies on the honesty of the participant.”
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Textbox 2. Preferred features of the InnoWell Platform.

What do you like best about the InnoWell Platform?

• “The ability to chart states of health/well-being over period of time.”

• “Self help resources”

• “That it alerted the user to health considerations.”

• “Quick & easy”

• “It provides a quick assessment of my mental state”

• “It focuses the mind about mental health”

• “Comprehensive range of health areas covered; Opportunity to question/challenge oneself about issues, health in general”

• “It covers a comprehensive range of scales that are integrated and presented simply through the dashboard which can flag issues to discuss with
mental health support”

• “Easy to use”

• “It seeks to help and direct if required”

• “I found it beneficial to check in regularly on my mental health”

Figure 2. Suggested improvements to the InnoWell Platform.

Discussion

Principal Findings
Although older adults are interested in and willing to engage
with HITs to support health and well-being [1,12], because of
age-related changes in cognition, vision, hearing, and perception
as well as health-related needs and risk factors, it is critical that
HITs are tailored to the older adult community, accounting for
their unique requirements as users. Having engaged with the
prototype of the InnoWell Platform for older adults, participants
did not report difficulty in using the digital tool, with several

describing it as easy to use; however, overall usability scores
were subpar, potentially because of a lack of relevance to the
individuals’ current circumstances and health-related needs (or
lack thereof in the case of this generally healthy sample). In
other words, a clear purpose for using the InnoWell Platform
may have been needed to promote engagement (eg, “Not sure
what it was or what value it would be”), a finding that aligns
with a previous review of factors that impact acceptance of HITs
by older adults [25]. As the participants generally characterized
themselves as healthy and independent, experiencing low levels
of psychological distress and good mental well-being, they may
not have been intrinsically motivated to engage with the
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InnoWell Platform at this time. It is also plausible that older
adults were satisfied with the outcomes of their initial
self-assessment and, therefore, did not have a reason to engage
further with the InnoWell Platform. The authors of a recent
systematic review of HITs for the promotion of well-being of
older adults came to a similar conclusion on the limited effects
of digital interventions on the mental well-being of older
individuals without notable health or social support requirements
[26].

Older adults may also be less inclined to use HITs in isolation
but rather have a firm desire for such tools to be integrated with
standard care practices to enable the therapeutic relationship
with health professionals [1]. This may be a particularly
important consideration for this consumer group, as they tend
to experience greater degrees of social isolation and loneliness
[27]. Therefore, the likelihood of adoption of HITs, such as the
InnoWell Platform, may be improved if they are recommended
by a health professional, a finding that is supported by previous
research [28,29]. In light of these results, we aim to develop
functionality to better personalize the InnoWell Platform at the
individual level to enhance the user experience and to implement
and rigorously evaluate the impact of the enhanced digital tool
when embedded within health services providing care to older
adults as a means to improve outcomes, thus filling an identified
gap in the literature [26].

Whether used independently or as part of standard care, HITs
are becoming increasingly sophisticated to support healthy aging
and prevent disease and disability, thus enabling independent
living. Although our participants did not experience difficulty
using the InnoWell Platform, a lack of familiarity with or
confidence in using technologies has been identified in other
studies as a potential barrier to uptake and adoption by older
adults [30-32], specifically in relation to web-based health care
information seeking [33]. As such, it is important to consider
demonstrations and training opportunities for older adults who
might otherwise not have the opportunity to learn to use
available technologies [34]. This might include videos and
instruction guides embedded within the digital tool itself or
access to a digital navigator through a clinical service for
assistance with technology set up and troubleshooting as needed
[35].

Limitations
This study has some limitations that are important to note. The
small sample size may limit the applicability and generalizability
of the findings to the general population. In addition, it will be
important to further test the perceived usability and acceptability
of the digital tool with help-seeking older adults, for whom
content and functionality may be more relevant. This study
would also have been enhanced by tracking patterns of use and
the application of system analytics to better understand how the
older adults had engaged with the InnoWell Platform. The use
of embedded analytics tools such as Google Analytics should
be considered for future evaluation studies to investigate the
relationship between participant characteristics and use data.
Finally, we did not include a measure of digital literacy, which
may have impacted the participants’ feedback on the usability
and acceptability of the InnoWell Platform, although little
difficulty in using the digital tool was reported by participants.

Conclusions
It has been demonstrated that older adults will only adopt new
technologies when their apparent usefulness and usability
outweigh concerns related to technological complexity and
decreased social connections [36]. However, reflecting the need
to embrace technology as a result of COVID-19 restrictions, a
recent survey by the Global Centre for Modern Ageing
highlighted that 23% of Australians aged ≥60 years used
technology that was previously unfamiliar to them (eg, tablets,
apps, and videoconferencing), with 56% of that group indicating
that they felt confident in using this new technology [37]. These
findings highlight the tremendous opportunity to engage older
adults with HITs to support their mental health and well-being,
either through direct-to-consumer approaches or as part of
standard care. However, this study helps to establish and confirm
that it is critical that the design and purpose of any HITs are
relevant, appropriate, and personalized for older adult end users,
accounting for differing demographic factors, interests, clinical
profiles, and levels of need. As demonstrated in this study, the
evaluation of HITs helps capture practical feedback on the
design of HITs, allowing for iterative refinement before broader
implementation, thus facilitating engagement and adoption.
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Abstract

Background: Due to a growing shortage in residential care, people with dementia will increasingly be encouraged to live at
home for longer. Although people with dementia prefer extended independent living, this also puts more pressure on both their
informal and formal care networks. To support (in)formal caregivers of people with dementia, there is growing interest in
unobtrusive contactless in-home monitoring technologies that allow caregivers to remotely monitor the lifestyle, health, and
safety of their care recipients. Despite their potential, these solutions will only be viable if they meet the expectations and needs
of formal and informal caregivers of people with dementia.

Objective: The objective of this study was to explore the expected benefits, barriers, needs, and requirements toward unobtrusive
in-home monitoring from the perspective of formal and informal caregivers of community-dwelling people with dementia.

Methods: A combination of semistructured interviews and focus groups was used to collect data among informal (n=19) and
formal (n=16) caregivers of people with dementia. Both sets of participants were presented with examples of unobtrusive in-home
monitoring followed by questions addressing expected benefits, barriers, and needs. Relevant in-home monitoring goals were
identified using a previously developed topic list. Interviews and focus groups were transcribed and inductively analyzed.
Requirements for unobtrusive in-home monitoring were elicited based on the procedure of van Velsen and Bergvall-Kåreborn.

Results: Formal and informal caregivers saw unobtrusive in-home monitoring as a support tool that should particularly be used
to monitor (the risk of) falls, day and night rhythm, personal hygiene, nocturnal restlessness, and eating and drinking behavior.
Generally, (in)formal caregivers reported cross-checking self-care information, extended independent living, objective
communication, prevention and proactive measures, emotional reassurance, and personalized and optimized care as the key
benefits of unobtrusive in-home monitoring. Main concerns centered around privacy, information overload, and ethical concerns
related to dehumanizing care. Furthermore, 16 requirements for unobtrusive in-home monitoring were generated that specified
desired functions, how the technology should communicate with the user, which services surrounding the technology were seen
as needed, and how the technology should be integrated into the existing work context.

Conclusions: Despite the presence of barriers, formal and informal caregivers of people with dementia generally saw value in
unobtrusive in-home monitoring, and felt that these systems could contribute to a shift from reactive to more proactive and less
obtrusive care. However, the full potential of unobtrusive in-home monitoring can only unfold if relevant concerns are considered.
Our requirements can inform the development of more acceptable and goal-directed in-home monitoring technologies to support
home-based dementia care.

(JMIR Aging 2021;4(2):e26875)   doi:10.2196/26875
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Introduction

Background
Dementia is recognized as a major global health challenge,
creating an immense rise in demand for care [1]. In 2019, the
number of people with dementia worldwide was estimated at
50 million, a figure set to increase to 152 million by 2050 [2].
However, the quantity of available professional caregivers is
not expected to increase along with the growing demand from
an aging society [3]. Consequently, people with dementia will
increasingly be encouraged, when possible, to live at home for
longer [1]. Although extended independent living is preferred
by people with dementia [4], this places more pressure on their
informal and formal support network [5]. Most care for people
with dementia is provided by unpaid informal caregivers such
as spouses or relatives [6] who can feel heavily burdened by
their care responsibilities, often resulting in stress-related
illnesses [5,7], putting them at risk of becoming the so-called
“invisible second patient.” On the other side, formal caregivers
involved in the home care of people with dementia often face
an increased workload due to a rising shortage of staff [8,9] and
the growing complexity of care [10], which require them to use
their resources more effectively [11].

To support caregivers of people with dementia in home-based
settings, there has been growing interest in assistive technologies
for in-home monitoring. These surveillance systems provide
24/7 information about the daily functioning, lifestyle, and
safety of people with dementia, possibly leading to a greater
sense of control, which could help to delay the
institutionalization of this population [10,12,13]. The
development of in-home monitoring systems is progressing and
is increasingly driven by the aim to minimize their
obtrusiveness; that is, to reduce ‘’characteristics or effects
associated with the technology that are perceived as undesirable
and physically and/or psychologically prominent’’ [14]. In
practice, this is visible by moving away from in-home
monitoring systems based on cameras, which pose major
challenges concerning privacy [15,16]. Although more recent
systems based on wearable sensors are less obtrusive when it
comes to privacy, they are often more obtrusive in terms of the
inconvenience associated with having to wear the system on
the body [15,16]. To overcome these barriers, more unobtrusive,
contactless in-home monitoring systems have been developed.
These range from event-based, mostly motion-activated, sensors
distributed in the home [10,17,18] to the most novel form of
unobtrusive in-home monitoring systems based on analyzing
the human body’s reflection of radio waves using deep-learning
algorithms and artificial intelligence (AI) [15,16,19,20]. The
continuous monitoring of in-home activity through these
AI-driven systems could help caregivers to detect small but
meaningful changes over time, monitor disease progression
[21], and not only detect but also predict and subsequently
prevent falls [22].

Despite the promise of the possibilities of unobtrusive in-home
monitoring, the added value and downside for informal and
formal caregivers of people with dementia are still insufficiently
mapped out. Research on unobtrusive monitoring systems that

could be applied to support home-based dementia care has
largely focused on its technical possibilities [21-24] instead of
investigating what is needed from the technology to support
caregivers of people with dementia in an unobtrusive and
goal-directed manner. A recent review by Vermeer et al [13]
highlights the importance of reporting concrete requirements
for monitoring systems in dementia care so that they can be
used by technology developers and based on the perspective of
those who might use them. However, previous research on
unobtrusive in-home monitoring involving (potential) end users
[25-28] often failed to take these aspects into account, and
mainly included the views of healthy older adults and their
family members, with less attention devoted to the perspective
of formal and informal caregivers of people with dementia who
can be considered important target users. Furthermore, as
unobtrusive in-home monitoring systems develop rapidly,
previous studies involving end users are likely to become
quickly out of date [13]. Advances in affective computing and
AI are likely to add new possibilities such as monitoring emotion
[29] or vital signs [30] remotely. At the same time, the shift to
unobtrusive remote monitoring, which continuously creates and
automatically models in-home data about people with dementia,
might also present a new extent of threats related to privacy and
ethics [18,31].

When developing meaningful, novel, and unobtrusive in-home
monitoring technology with the goal of supporting home-based
dementia care, an adequate comprehension of users’ needs is
essential to reach a fit among technology, context, and the user
[32]. Unobtrusive in-home monitoring of people with dementia
should not be developed simply because it can be, but with its
possible benefits and barriers in mind as well as with
consideration of the relevant needs and requirements to increase
future acceptance.

Aim of the Study
Based on this background, the aim of this study was to
comprehensively explore the views of formal and informal
caregivers of community-dwelling people with dementia toward
unobtrusive in-home monitoring. In particular, the study aims
were to identify (1) relevant and nonrelevant monitoring goals
of unobtrusive in-home monitoring, (2) expected benefits and
barriers toward unobtrusive in-home monitoring, and (3) specific
requirements for unobtrusive in-home monitoring technology
that can serve as guidelines for developers.

Methods

Study Design
A qualitative research design was applied, including
semistructured interviews and focus groups. Moreover, a topic
list task was part of the interview and focus group sessions. The
Ethics Committee of the University of Twente (Behavioral,
Management, and Social Sciences) provided ethical approval
for this study according to European regulations (request number
18939).
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Participants and Sampling Procedure

Informal Caregivers
Inclusion criteria for participation of informal caregivers were
as follows: (1) providing unpaid care to a community-dwelling
person diagnosed with dementia or mild cognitive impairment
(MCI) at the time of data collection, and (2) providing care from
a distance or living together with the care recipient. Recruitment
took place during public information meetings at Alzheimer
and informal care cafes organized by different Dutch elderly
and informal care institutions. Those who met the inclusion
criteria and were interested in participating were asked to
provide their contact details and were given a detailed
information leaflet introducing the study. After 3 days,
participants were called and if they still wished to participate,
an appointment for a home visit was made. In total, 19 informal
caregivers were interviewed.

Formal Caregivers
Inclusion criteria for participation of formal caregivers required
participants to be home care professionals that, at the time of
data collection, provided and/or managed the care for
community-dwelling people diagnosed with dementia or MCI.
Recruitment took place from a variety of Dutch home care
institutions and public Alzheimer cafes where formal caregivers
were informed about the purpose and procedure of the study.
In total, 16 formal caregivers from 7 different home care
institutions agreed to participate and were included in the study.
Five caregivers were interviewed individually, followed by two
focus groups (n=6 and n=5, respectively), which were held at
two different local elderly care institutions.

Topic List Task
During the interviews and focus groups, all participants
performed a topic list task to identify relevant and nonrelevant
monitoring goals for unobtrusive in-home monitoring. Each
participant received 16 topics representing different possible
goals of monitoring, covering key aspects of daily functioning,
safety, degeneration, and well-being of people with dementia.
These topics were previously developed in cocreation with our
expert panel consisting of experienced geriatricians and
gerontologists, and based on commonly used scales to assess
activities of daily living [33,34] and stages of dementia [35],
as well as research into (the course of) behavioral and
psychological symptoms of dementia [36,37]. We also
considered the type of input unobtrusive in-home sensors would
require. The final list of goals was clustered into four broad
areas of attention commonly used by formal caregivers across
the continuum of care for individuals [38]. Participants were
asked to rate each goal with either a plus sign (+), indicating
that this would be a relevant monitoring goal, a minus sign (–),
indicating a nonrelevant monitoring goal, or a question mark
(?) indicating uncertainty about the usefulness of a monitoring
goal. We instructed participants to envisage that all goals could
technically be monitored to any useful level of precision. During
the task, participants were encouraged to support their choices
and add goals when possible.

Interview and Focus Group Guide
We developed an interview and focus group guide containing
open-ended questions based on our research questions, previous
research in the field by Wild et al [25], and the value proposition
design proposed by Osterwalder et al [39]. For both groups of
participants, questions and procedures were essentially identical,
except that the questions were adapted to fit the different roles
and care duties of the groups. At the beginning of each interview
and focus group, participants viewed two slides demonstrating
the general concept and idea of unobtrusive in-home monitoring
and examples to illustrate possible forms of outgoing monitoring
information. All slides were explained in a standardized manner
(see Multimedia Appendix 1) and clarification was given when
needed. Subsequently, participants were asked about their
perceived expected benefits of unobtrusive in-home monitoring.
Questions targeting benefits mainly centered around why, if at
all, participants would be willing to use such a system for their
care recipient(s); how, if at all, it would influence the care and
quality of care; and why or why not it would be able to support
extended independent living of people with dementia.

Thereafter, participants performed the topic list task, followed
by the last section that focused on concerns. Questions about
concerns mainly centered around reasons not to use unobtrusive
in-home monitoring, when such a system would become
undesirable, and concerns related to their own and their care
recipients’ privacy and data sharing. The interviews were
performed by a trained interviewer (CW), and focus groups
were led by a moderator (CW) and comoderator (AB). After 24
interviews and 2 focus groups, saturation was reached. All
sessions were audio-recorded, with prior permission of
participants (see Multimedia Appendix 2 for the full interview
and focus group guide). Interviews lasted about 1 hour and focus
groups lasted about 1.5 hours each.

Data Analysis
The audiotapes of the interviews and focus groups were
transcribed verbatim and content analysis was performed using
the software package Atlas.ti 8 separately for each participant
group. First, relevant fragments were selected and categorized
into one of two main areas: (1) expected benefits and (2)
expected barriers toward unobtrusive in-home monitoring.
Subsequently, selected fragments were further categorized
inductively into overarching themes and subthemes. To
minimize single-researcher bias, a second analyst (AB)
independently coded 10% of the data and verified whether the
codes described were proper interpretations of the data. The
final coding scheme was defined on the basis of consensus
between the two analysts (CW and AB).

Data from the topic list of monitoring goals were used to
generate frequency distributions across all response categories
(relevant, nonrelevant, or questionable monitoring goals) per
participant group.

As a last step, requirements toward unobtrusive in-home
monitoring were created based on the procedures of van Velsen
et al [40] and Bergvall-Kåreborn and Ståhlbröst [41].

First, user expressions that captured aspects the system should
fulfill were identified and clustered into overarching attributes
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(ie, needs that aim to guide the development). These were
checked for distinctiveness by the second analyst (AB) and
adjusted if needed.

Second, the attributes were translated into one or more
requirements and categorized into four different domains: (1)
functional requirements specifying desired technical features
of the technology, (2) user experience requirements specifying
how the technology should interact/communicate with the user,
(3) service requirements specifying desired services surrounding
the technology, and (4) work context requirements specifying
how the technology should be integrated into the existing work
context and routines. All requirements were checked by the
second analyst (AB) and adjustments were made accordingly.

Lastly, all requirements were sorted by the corresponding
overarching theme.

Results

Participant Characteristics
The characteristics of study participants are listed in Tables 1
and 2. Informal caregivers were children, partners, sisters- or
brothers-in-law, or neighbors who provided care, from a distance
or not, to a community-dwelling person with dementia or MCI.
Most informal caregivers were daughters and sons providing
care from a distance to their parent with Alzheimer disease.
Notably, most informal caregivers reported being active as a
caregiver for the patient several years before an official
diagnosis was made. Formal caregivers were experienced home
care professionals, including district nurses, case managers,
care assistants, and occupational therapists providing on average
of 20.3 hours (SD 6.3) of care per week to community-dwelling
clients with dementia.

Table 1. Characteristics of informal caregivers (N=19).

ValueCharacteristic

60.5 (13.1)Age of caregiver (years), mean (SD)

82.6 (5.5)Age of care recipient (years), mean (SD)

10.5 (10.1)Active as caregiver (years), mean (SD)

4.6 (3.5)Time since diagnosisa (years), mean (SD)

Gender, n (%)

16 (84)Female

3 (16)Male

Care hours per week, n (%)b

6 (32)<8

7 (37)8-24

6 (32)24-40

Relation with care recipient, n (%)

11 (58)Daughter/son

5 (26)Spouse/partner

2 (11)Sister-/brother-in-law

1 (5)Neighbor

Living situation, n (%)

7 (37)Living together with care recipient

12 (63)Living elsewhere

Type of cognitive impairment of care recipient, n (%)

14 (74)Alzheimer disease

1 (5)Lewy body dementia

1 (5)Vascular dementia

3 (16)Mild cognitive impairment

aTime since diagnosis was self-reported by the informal caregiver.
bPercentages may not total 100 due to rounding.
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Table 2. Characteristics of formal caregivers (N=16).

ValueCharacteristic

39.3 (11.3)Age (years), mean (SD)

20.3 (6.3)Care contact hours per week provided to community-dwelling people with
dementia, mean (SD)

15.4 (9.1)Work experience in current home care profession (years), mean (SD)

Gender, n (%)

15 (94)Female

1 (6)Male

Functiona, n (%)b

8 (50)District nurse

4 (25)Case manager for dementia

2 (13)Personal care assistant

2 (13)Occupational therapist

aSecondary vocational education (European Qualifications Framework [EQF] level 1-4): personal care assistant, district nurse; higher professional
education (bachelor/associate degree; EQF level 5/6): district nurse, case manager for dementia, occupational therapist.
bPercentages may not total 100 due to rounding.

Goals of Unobtrusive In-Home Monitoring According
to (In)formal Caregivers
Table 3 summarizes the responses from formal and informal
caregivers toward possible monitoring goals of unobtrusive
in-home monitoring systems that were defined during the topic
list task. The top 5 monitoring goals seen as most useful by both
groups included fall detection and prevention, and monitoring
day and night rhythm, personal hygiene (eg, dressing, grooming,

bathing, and toileting), nocturnal restlessness, and eating and
drinking behavior. Monitoring goals rated as nonrelevant by
both formal and informal caregivers included leaving the house
(the action of doing so), social interaction (indoors), and
telephone use (frequency of use). In general, both groups showed
comparable results, although informal caregivers appeared to
be less interested in monitoring eating and drinking behavior,
nocturnal restlessness, and walking distance/speed compared
with formal caregivers.
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Table 3. Judgments of informal and formal caregivers of community-dwelling people with dementia for specific unobtrusive in-home monitoring goals.

Formal caregivers (N=16), nInformal caregivers (N=19), nMonitoring goals

?–+?c–b+a

00160019Environmental (safety): fall detection and prevention

Health-related

01150118Day and night rhythm/sleeping pattern

00162512Nocturnal restlessness

01152215Personal hygiene (dressing, grooming, bathing, toileting)

00160712Eating/drinking and cooking activity

Physiological

01151513Cognitive deterioration

22122710Physical deterioration

11143610Walking distance/speed (indoors)

4480514Radius of movement (indoors)

Psychosocial

04121413Agitation (agitated behavior)

3492512Apathy (lethargy/loss of motivation and interest)

14111612Negative emotional state (eg, anxiety, irritability, depression)

2592710Positive emotional state (eg, joy, pleasure, relaxation)

466775Leaving the house (the action of leaving)

4751054Telephone use (frequency of use)

3674114Social interaction (indoors)

24461863783183Total

aPersonally relevant.
bNot relevant.
cQuestions the usefulness.

Expected Benefits and Barriers Toward Unobtrusive
In-Home Monitoring

Expected Benefits

Overview

Textbox 1 shows the recurrent themes on benefits of unobtrusive
in-home monitoring that emerged for the informal and formal

caregiver groups. The themes of both groups were generally in
line with each other, with variations within these themes
reflecting the different roles and care responsibilities of the
groups.
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Textbox 1. Expected benefits toward unobtrusive in-home monitoring stated by informal and formal caregivers of people with dementia.

Themes brought forward by both informal and formal caregivers

Cross-checking self-care information

• Better self-care surveillance

• In-person control visits

Extended independent living

• Safety at home

• Detecting and removing factors that hinder independence

• Helpful for initiating extra care needed

• Decision support for transition to residential care

Objective communication and substantiation

• Supporting objective communication around patient’s situation

• Substantiating diagnostics and indications

Prevention and proactive measures

• Responding more quickly to care needs to prevent health risks

• Improved insight into inhibiting and activating factors of patient’s behavior/ mood

Theme brought forward by only informal caregivers

Emotional reassurance

• Reassurance about safety of patient

• Regain of freedom and mobility for informal caregiver

Theme brought forward by only formal caregivers

Personalized and optimized care

• Providing care at the right times

• Time gain through remote surveillance of self-care behaviors

Cross-Checking Self-Care Information

Informal and formal caregivers reported facing difficulties in
obtaining complete information about the patient’s living pattern
as the patient might not always be able to accurately self-report
on the past few days. Participants indicated that, particularly in
the prediagnostic phase or in cases of little or no home care
provision, there is a lot of doubt about how adequately self-care
practices such as eating/drinking and personal hygiene are
performed. The monitoring system could then help in
cross-checking what the patient self-reports:

I would find it very helpful if you could find out if they
had eaten because they often told us they had when
they hadn’t. [...] I saw with my parents that I didn’t
notice anything when I came by, and if we could have
followed this we could have intervened more quickly.
[caregiving daughter, age 56]

Therefore, according to participants, unobtrusive in-home
monitoring can be a substitute for constantly having to
(physically) check self-care behaviors. By eliminating
unnecessary control visits, such systems might reduce the burden
of care while supporting the patient’s physical privacy:

I think that you would have to visit someone less often,
we regularly visit people just for controlling. [district
nurse]

Extended Independent Living

Informal and formal caregivers mainly expected more
reassurance and safety with the use of unobtrusive in-home
monitoring, which could indirectly contribute to patients being
able to live at home for longer. Both groups saw potential in
using such a system for detecting and removing factors or
negative stimuli in the environment causing a patient, for
example, to wander at night, which can ultimately hinder
independent living:

People with dementia often have misunderstood
behavior [...] Suppose there is a stimulus that causes
someone to have nighttime unrest or to wander.
Normally, wandering is a criterion that prevents
someone from living at home. Suppose you can
remove this stimulus because you know where it
comes from, then you ensure that someone can stay
home longer. And in that sense, I think the system is
an added value. [case manager]
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Furthermore, both groups expected an unobtrusive in-home
monitoring system to be helpful in initiating extra care, when
needed, to prevent the collapse of day structure and routines.
Moreover, participants noted that such a system could assist in
determining to what extent living at home would still be
reasonable:

I think it will help a lot to be able to say okay living
at home is no longer responsible [...] When you have
data for it, you can also look at a situation objectively,
without adding emotion, because there are facts, and
that might make the decision later that it is no longer
possible at home easier. [caregiving daughter, age
42]

Some participants noted that patients sometimes reside at home
longer than is appropriate. Early detection of health risks by an
in-home monitoring system could then enable a faster indication
for admission to residential care. Formal caregivers emphasized
that such a system could also bridge the time a patient is on the
waiting list for admission.

Objective Communication and Substantiation

Informal caregivers, in particular, expected unobtrusive in-home
monitoring to be helpful in providing others with an objective
insight into how their loved one functions. Such a system might
help the caregivers to be taken seriously when making their
assessments, especially considering that people with dementia
can often present themselves well in the company of others or
during care times. Informal caregivers noted having difficulties
in objectively explaining the daily challenges at home to others;
therefore, the outgoing monitoring information/graphs would
speak for themselves:

The caregiver is not believed [...] And if you then
have very good friends who also say “Well, everything
is not too bad, look, he gives such good answers.”
[...] And then I say “Yes, but you have to experience
it once for 24 hours.” Something like this [the system]
would be fantastic, that you could show that.
[caregiving wife, age 72]

Formal caregivers mainly saw an added value in the objective,
continuous manner of measuring when using an unobtrusive
in-home monitoring system. Several formal caregivers reported
that during care moments they often see snapshots of socially
desirable behavior and that information from informal caregivers
is not always reliable. Furthermore, they expressed that such a
system could be an aid to substantiate diagnostics and
indications:

Cognitive decline, well, that is super of course if you
can monitor that instead of just taking the MMSE
[Mini Mental State Examination]. [district nurse]

Prevention and Proactive Measures

From the interviews and focus groups, it became clear that
informal and formal caregivers expected unobtrusive in-home
monitoring systems to enable them to respond more quickly
and accurately to care needs to prevent health risks such as
malnutrition, under/overstimulation, sleep problems, and
loneliness.

I think such as system is a good plan. Before you
realize that something is wrong, you are 4 months
further. If you understand something like this with
sensors, you can intervene much sooner. [caregiving
daughter, age 56]

Similarly, in response to the question “What are further
preventive measures that could be supported by the system?”,
district nurses and occupational therapists indicated “stimulating
for instance eating and drinking,” “meaningful daytime
activities,” and “medication, and indeed, keeping people busy.”
Another added, “it is also a bit of well-being that you can nicely
link to this, care is very important but so is well-being, and
preventing loneliness.”

Both groups also felt that an unobtrusive in-home monitoring
system would improve their ability to recognize influencing
factors on the patient’s behavior and mood, and enable
responding in a proactive manner. Generally, participants felt
that such a system could help to monitor what relaxes or irritates
a patient to be able to proactively take action sooner, as well as
to fall back on this knowledge at a later stage of dementia.

Well, you could measure, when the home care has
washed her, is she sad afterward? […] And can you
do something with it? Yes, then you can start to
question: Is it because of the way it was done?
[caregiving brother-in-law, age 45]

Emotional Reassurance

Informal caregivers reported seeing added value in unobtrusive
in-home monitoring in terms of emotional support and
reassurance. In particular, wearable alarm systems have been
criticized for providing little reassurance because patients often
forget to wear them or because alarm buttons are not always
pressed when they should be. Furthermore, informal caregivers
highlighted that the insight into daily activities obtained through
unobtrusive in-home monitoring can result in a sense of
involvement at a distance, which can enable them to regain
freedom and mobility to some degree:

[...] So if the system can indicate like everything is
all right, and it is reliable, it also gives you a
reassuring feeling. Just as I knew my brother was a
caregiver a few years ago. Then I was reassured on
a distance, you can also compare it to that.
[caregiving daughter, age 50]

For informal caregivers, it would be a great relief
because they can leave for a while and the system
takes it over. [caregiving wife, age 72]

Personalized and Optimized Care

Formal caregivers expected that unobtrusive in-home monitoring
would help them to work in a more person-centered way by
tailoring care moments to the individual rhythm of the patient.
For example, if a client gets out of bed at a deviating time, then
a care moment can be scheduled accordingly:

With something like this [the system], it would be
possible to provide care differently. If you see
someone sleeps longer you could consider putting on
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those compression stockings a little later than
originally planned. [district nurse]

Specifically, in the prediagnostic phase, there can be doubt
about self-care behaviors, causing formal caregivers to
sometimes lose a substantial amount of time to physically
control activities (eg, eating, drinking, and sleeping behaviors).
In some cases, formal caregivers arrive and find that the patient
is already asleep. Formal caregivers generally agreed that an
unobtrusive in-home monitoring system that enables them to
better supervise these factors can save them time:

[...] Sometimes we come for a check-up moment and
then the client is asleep and at another moment he
might be out of bed, wandering around. So you could
take more targeted action instead of those check-ups,
and see if you can go there at that moment. [district
nurse]

Expected Barriers

Overview

Textbox 2 summarizes the themes and subthemes brought
forward on the expected barriers, which were consistent between
the informal and formal caregivers.

Textbox 2. Expected barriers toward unobtrusive in-home monitoring brought forward by informal and formal caregivers of people with dementia.

Information overload

• Risk of feeling monopolized by the system

• (Un)certainty of whether to respond to monitoring information

• Risk of disturbing daily work routines

Privacy concerns

• Risk for misuse of monitoring data

• Risk of losing control about data sharing

• Tradeoff privacy infringement versus extended independence

Ethical concerns: dehumanizing care

• Risk of replacing human contact by technology

• Risk of undermining the formal caregiver’s professional view

Information Overload

A topic of concern among informal and formal caregivers was
the danger of information overload and feeling monopolized
by an unobtrusive in-home monitoring system. Uncertainty
about whether to respond to information would cause stress
rather than reassurance. Both groups noted they do not feel the
need to continuously check for new information but instead
would like to be able to obtain a global picture of the patient’s
situation.

For example, in response to the question “What would prevent
you from using such a system with your loved one?”, one
participant indicated:

If we would go completely nuts. If we have the feeling
that we always have to go there. Sometimes it is nice
that you don’t know everything, too. We are not
always at home and when someone has to get into the
car first… [caregiving daughter, age 58]

Formal caregivers generally found it less of a problem to obtain
more information than usual as they are experienced at setting
priorities when responding to care needs. Some formal
caregivers were rather concerned that receiving information
from an unobtrusive in-home monitoring system could add an
extra burden as their work might become less plannable, thereby
disturbing work routines:

It might even become a burden, unplannable care.
[district nurse]

Privacy Concerns

Both formal and informal caregivers saw misuse of monitoring
data as a risk for the patient, and pleaded for strict protection
mechanisms during collection, processing, and sharing of data.
Several formal caregivers considered the degree of privacy
invasion by an in-home monitoring system to be comparable
to the current professional electronic patient records, which
informal caregivers can also read in real time:

But what is the difference if you write in the report
“I see madam has been sad almost all morning” or
if you read in the [monitoring] system “Madam has
been sad all morning”? [personal care assistant]

The extent to which privacy concerns about unobtrusive in-home
monitoring were perceived as a problem by caregivers was
dependent on what they expected to receive in return. Several
caregivers weighted their concerns against the benefit of
unobtrusive monitoring. In general, caregivers were willing to
accept some privacy violation of their loved one/client in
exchange for more safety and reassurance, independence, and
quality of life:

I think that when you can keep the quality of life at a
higher level by giving your privacy a little less
protection, quality of life comes first. [caregiving
brother-in-law, age 45]
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Both groups generally were less critical about being monitored
themselves as well during visits or care moments but would
like the option to turn off the system at any time. Most informal
caregivers were willing to share monitoring information to
update formal caregivers. In turn, the formal caregivers would
like to share information that is relevant for the electronic patient
record within their team.

However, both groups saw a risk of losing control about data
sharing and highlighted the need to maintain maximum control
together with the patient as data owner:

I would like to attach very specific conditions to whom
you are sharing it with. [caregiving wife, age 75]

Ethical Concerns: Dehumanizing Care

Informal and formal caregivers expressed that an unobtrusive
in-home monitoring system should not be at the expense of
human contact. Both groups considered it a risk that such a
system might make it easier to create distance from the patient.
A caregiving brother-in-law (age 45) commented:

It is because a home care organization can very easily
say “We are very busy, we see in the overview that
today everything is fine with Ms. X, so we will visit
her tomorrow and skip her today.” I also see a risk
factor because it might become easier to create
distance.

Although face-to-face contact was seen as important, several
formal caregivers also noted that some patients prefer as few
home visits as possible. If these patients could be monitored
remotely in an unobtrusive way, it could prevent disturbance
and unrest:

I sometimes have night shifts where I control if
someone lays in bed, but then you also disturb
someone because you enter their house and that gives
a certain unrest. [case manager dementia]

Formal caregivers, in particular, believed that unobtrusive
in-home monitoring should be an additional resource and not
a substitute for their professional view. They saw a risk that
such AI-driven systems might undermine their professional
identity:

I think the monitoring should always provide support
and it shouldn’t be the main resource. It still has to
remain human work. [personal care assistant]

It [the system] should not replace the professional
view. It should be purely supportive and not
determining, […] of course codetermining what you
do, but simply be used to improve care. [occupational
therapist]

Requirements Toward Unobtrusive In-Home
Monitoring

Overview
Table 4 presents the identified requirements for the development
of unobtrusive in-home monitoring systems that aim to support
home-based dementia care. The requirements mainly center
around what is needed from in-home monitoring technology to
realize preventive and proactive measures, and to reduce
identified barriers. Separate full descriptions for each
requirement, including example quotes to illustrate the data
behind them, are provided in Multimedia Appendix 3.
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Table 4. Requirements toward unobtrusive in-home monitoring based on informal caregiver (IC) and formal caregiver (FC) statements.

Indicated by FCIndicated by ICRequirementRequirement

typea

Themes and attributes

Supporting prevention and proactive
measures

YesYesVoice-based coaching functionFunctionalActive support in daily living

YesYesAutonomously detecting emergency situations
and sending alarms

FunctionalSafety support

YesNoRecognizing patterns and deviationsFunctionalSystem as analysis tool

Preventing information overload

YesYesInformation choice optionUser experienceTailored information

YesNoOutgoing information tailored to professional
care context

Work contextTailored information

YesNoIntegration into existing electronic client
records

Work contextOne system

NoYesInformation summaries at specific time inter-
vals

User experienceCreating overview of patient’s situation

Reducing privacy concerns

YesYesPreventing unauthorized accessFunctionalTransparency/safety

YesYesUnobtrusive designUser experienceMinimized obtrusion

NoYesSecure data sharing with formal caregiversFunctionalSafe interconnected system

YesNoSecure data sharing among formal caregiversFunctionalSafe interconnected system

NoYesFine-grained data sharing optionsFunctionalRemain in control of data

Reducing ethical concerns (dehumanizing
care)

YesNoSystem must be supportive, not determiningWork contextRoom for professional’s view

YesYesContext-aware systemFunctionalAwareness for individual context

YesYesPreuse instruction for caregiversServiceSupport ethical use

YesYesShared decision-making toolsServiceSupport ethical use

aClassification based on van Velsen et al [40]. Functional: requirements specifying desired technical features of the technology; User experience:
requirements specifying how the technology should interact/communicate with the user; Service: requirements specifying desired services surrounding
the technology; Work context: requirements specifying how the technology should be integrated into the existing work context and routines (concerning
use within a formal care setting).

Functionality
Participants provided concrete examples of how unobtrusive
in-home monitoring should go beyond monitoring by providing
the patient with active support in daily living via a voice-based
interface. Such a coaching function could aid in tasks that
typically require learning and decision making. As described
by participants, assistance should focus on maintaining day
structure (eg, reminders about certain times for eating, sleeping,
or medication intake) or, based on the level of inactivity,
providing suggestions for exercising or taking a walk.

Furthermore, as formal caregivers are interested in deviations
over time, with a special interest in detecting periods deviating
from the expected disease progression, the system should enable
recognizing patterns and deviations, and provide the possibility
to analyze on a weekly or monthly basis, thereby functioning
as an analysis tool.

Moreover, the system should be capable of autonomously
detecting emergency situations and sending alarms to the most
suitable caregiver(s) in charge, thereby resolving the problem
of current (mostly wearable) safety technology that the patient
might forget to wear or might be out of reach in emergency
situations. To prevent false alarms, the system should open a
communication channel to the patient first to check the need to
intervene. However, the system should generally be
context-aware instead of applying generic threshold values in
determining alarming deviations.

Furthermore, as indicated by participants, the system must offer
fine-grained data-sharing options for sharing care-relevant
information with formal caregivers, thereby requiring a secure
connection to existing electronic client records used in
professional home care. Provided that consent of the patient
and informal caregiver(s) is given, the system should offer
possibilities for data sharing among the professional care team
as well. Communication within such a system between home
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care professionals and therapists or the general practitioner is
seen as a desirable function to simplify multidisciplinary
collaboration, but requires interoperability.

Lastly, the system must prevent unauthorized access during
collection, storage, and sharing of data, thereby highlighting
the importance of carefully making choices such as local vs
cloud-based data processing.

User Experience
In line with participants’ answers, the system must provide
choice options for (types of) outgoing monitoring information
and its frequency of delivery to avoid information overload.
For nonacute aspects, the system should provide information
summaries created at specific time intervals determined by the
caregiver (eg, once/twice per week, biweekly). The information
needs to be summarized in a way that allows caregivers to
intuitively understand the situation and make judgments on how
to respond. In most cases, summarizing all information to be
able to review the week is seen as sufficient, as creating a sense
of overview is key.

Furthermore, the level of unobtrusiveness of the system should
be maximized. Key attributes of unobtrusiveness as expressed
by participants include: (1) contactlessness, being passively
guarded by the system in a low-effort manner and without
having to wear devices or demanding active engagement; (2)
simplicity, making the system easy to use to minimize
dependence on help from others; (3) privacy-friendliness by
solely monitoring motion and sound; and (4) reduced visibility
through a pervasive design (built into the environment), thereby
minimizing the chance of stigmatization and feeling constantly
reminded of the system.

Services Surrounding the Technology
Participants’ statements clearly showed that certain knowledge
is required to prepare (in)formal caregivers for using unobtrusive
in-home monitoring. We found that not only instructions on
technical aspects of use are needed but, above all, instructions
surrounding the ways of interacting with the patient while using
the system are necessary. This is due to the fact that such
systems were seen as likely to affect the caregiver-patient
relationship and the amount of human contact with the patient.
As indicated by the participants, one danger represents the
development of a confrontational attitude when addressing
monitoring information to the patient, which creates resistance.
Instead, a respectful attitude directed at stimulating the positive
is preferred.

Furthermore, participants indicated that the system must be
introduced in a way that enables patients and (in)formal
caregivers to make informed decisions based on realistic benefits
and risks, thereby highlighting the need for shared
decision-making tools. To prevent undermining the patient’s
autonomy in case they can no longer express their will reliably,
a patient declaration from the previous, competent period should
be used.

Integration to an Existing Work Context
Formal caregivers expressed that the system must be integrated
into existing electronic client records to avoid having to collect

care-relevant information from different information
sources/systems, which will require interoperability. Outgoing
monitoring information should be tailored to the professional
care context, which means that it is presented in a way that
matches the content structure of the existing client record (eg,
the client care plan and care goals). Mail notifications should
be sent in case new monitoring summaries have been added to
the client record.

Moreover, formal caregivers highlighted that to reach a fit with
existing work routines and prevent undermining their
professional identity, an AI-driven system must be supportive
and not determining. It must therefore unlock the monitoring
data in a way that care professionals can draw adequate
conclusions themselves. The system can help to make the picture
more complete; however, it must leave room for the care
professional’s interpretation, thereby functioning as an extra
aid to improve the professional view and quality of care.

Discussion

Principal Findings
The aim of this study was to explore the expected benefits,
barriers, and relevant monitoring goals toward unobtrusive
in-home monitoring from the viewpoint of formal and informal
caregivers of community-dwelling people with dementia.
Specific requirements that can guide the development of
unobtrusive in-home monitoring technology were extracted.
Extending previous work of others in the field that mainly
included the views of healthy older adults [25-28,42], our study
contributes to a better understanding of formal and informal
caregivers’ expectations referring to the newest generation of
AI-driven in-home monitoring systems, and what is needed
from such systems to support home-based dementia care in an
unobtrusive way. In that regard, our study provides a response
to previous research that highlights the need for concrete
requirements of monitoring systems in home-based dementia
care [13], and argues that the purpose of such technologies needs
to be regularly reviewed to keep up with their rapid development
and the changing needs of users [43].

In general, we found that both formal and informal caregivers
of people with dementia saw unobtrusive in-home monitoring
as a support tool that could contribute to a shift from reactive
to more preventive and proactive care. Both groups expected
such systems to inform about, above all, (the risk of) falls, day
and night rhythm, personal hygiene, nocturnal restlessness, and
eating and drinking behavior, suggesting that these systems
could best be used for people with dementia at risk for
self-neglect. Although both groups showed comparable
monitoring preferences, informal caregivers appeared to be less
interested in monitoring eating and drinking behavior, nocturnal
restlessness, and walking distance/speed compared to formal
caregivers. These monitoring goals might have been less relevant
to informal caregivers living together with their care recipient
(36.8%), who might already have adequate supervision for these
daily activities. Our findings contribute practically to gaining
a better understanding of the information needs of (in)formal
caregivers of people with dementia toward AI-driven in-home
monitoring systems. However, in line with Elers et al [42], we
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generally recommend that people with dementia should always
be in control of what information is collected.

Our results revealed that formal and informal caregivers of
people with dementia generally expected cross-checking
self-care information, extended independent living, objective
communication, prevention and proactive measures, reassurance,
and personalized and optimized care as the key benefits of
unobtrusive in-home monitoring. At the same time, main
concerns centered around information overload, privacy, and
ethics.

With our focus on AI-driven in-home monitoring systems, our
findings update those of Zwierenberg et al [10], who studied
expectations of using rather simple monitoring systems tracking
the location and movement of people with dementia.
Interestingly, our study found that some benefits and barriers
were two-sided, meaning that in some situations a barrier could
even become a benefit and vice versa. This provided insight
into novel opportunities and challenges for unobtrusive
monitoring in home-based dementia care that yield implications
for using such systems in a more targeted manner.

In line with previous research [31,44-46], we found that both
formal and informal caregivers were concerned about
consequences related to replacing human contact by technology.
However, in contrast to earlier research [31,44-46], some of our
participants indicated that less face-to-face contact does not
always need to be a concern but might even become a benefit
in certain situations. We found that in-person visits are
frequently performed only as a means to control self-care
behaviors of people with dementia, such as eating, drinking,
and sleeping. At the same time, formal caregivers mentioned
patients that prefer as few home visits as possible to prevent
disturbance and unrest. Our findings show that using unobtrusive
in-home monitoring from a distance might help to replace
obtrusive and undesired control visits, thereby saving the
caregiver’s time while supporting the patient’s sense of
(physical) privacy. In that way, unobtrusive in-home monitoring
may contribute to the better utilization of resources in home
care, now and even more in the future.

Previous research among healthy older adults and their informal
caregivers [25,47] showed that in-home monitoring systems are
expected to enable extended independent living. This
expectation was not fully shared by all of our participants. It
became clear that formal and informal caregivers generally
expected unobtrusive in-home monitoring to help prevent health
risks. However, whether this proactive care would lead to
extended independent living of people with dementia was not
always clear to our participants. Most (in)formal caregivers
expected the system to help delay institutionalization, whereas
others hoped it would help to more quickly recognize when
living at home would no longer be a reasonable option. The
development of unobtrusive in-home monitoring technologies
should therefore not be purely justified based on their potential
to prolong independent living but rather based on their potential
to deliver home-based care in a more beneficial way for both
the patient and caregiver.

Our findings showed that unobtrusive in-home monitoring is
not only seen as a technical innovation but also as a care process

innovation. The last two-sided theme that emerged centered
around personalized and optimized care. Formal caregivers
expected that unobtrusive in-home monitoring would help them
to work in a more person-centered way by tailoring care
moments to the individual rhythm of the patient. However, in
contrast to earlier research among formal caregivers of people
with dementia [10], some of our participants expressed a tension
between the need to deliver just-in-time/spontaneous care
moments based on the monitoring data and work becoming less
plannable as a consequence. Our findings indicate that the use
of unobtrusive in-home monitoring asks for a shift in the way
in which formal caregivers work from a structured to more
flexible practice. We recommend considering this as an essential
determinant when it comes to implementation.

In connection to the ongoing debate about privacy, our findings
showed that participants were concerned about informational
privacy (eg, misuse of monitoring data) and, to a lesser extent,
physical privacy (eg, ‘’being monitored’’). However, the extent
to which these privacy concerns were perceived as problematic
by (in)formal caregivers depended on the degree of safety,
reassurance, and quality of life they expected to receive by the
system in return. This “trade-off” phenomenon has been
recognized in earlier research [10,25]. Although privacy
intrusions were principally seen as justifiable by our participants,
this does not resolve possible moral considerations involved in
the use of remote monitoring systems for people with dementia
[10]. For instance, future developers of AI-driven in-home
monitoring systems should address the need for fairness,
accountability, and transparency of algorithms [48].

The requirements identified in this study recommend several
ways in which unobtrusive in-home monitoring of people with
dementia should be designed in terms of functionality, user
experience, accompanying services, and integration into the
existing work context to enhance future acceptability. Part of
our requirements are in agreement with previous research related
to the broader category of technology to assist aging in place
[42], which highlighted the need for detection of deviations,
asking minimal action from the user, and secure information
storage and transfer. Furthermore, our study generated several
novel requirements that centered around proactive measures,
and ways to reduce barriers relating to information overload,
privacy, and ethics. In the following, we address three
requirements that should be given more attention.

First, our participants provided concrete examples of how
unobtrusive in-home monitoring technology should be enriched
with functions providing patients with active support in daily
living and maintenance of day structure via a voice-based
interface. Participants spontaneously came up with these ideas,
which was unexpected in some ways, as the interview and focus
group guide did not address these topics. This highlights that
there is a true need for in-home monitoring technology to go
beyond safeguarding people with dementia, and further assist
in reaching personalized goals and executing tasks
independently.

Second, we found that to prevent undermining the formal
caregiver’s professional identity, unobtrusive in-home
monitoring must be supportive and not determining. These
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technologies should therefore be carefully introduced and any
misconceptions relating to being controlled by the technology
should be corrected. Our formal caregivers expressed that the
system must unlock the monitoring data so that they can draw
adequate conclusions themselves. This raises questions about
an optimal ratio between human and algorithmic interpretation
of the data. Based on our results, we recommend more processed
and simplified data for the informal caregiver and less processed
data for the formal caregiver.

Lastly, an important requirement for unobtrusive in-home
monitoring systems is the integration into existing electronic
client records to avoid formal caregivers having to collect
care-relevant information from different sources/systems.
Possibilities for secure data sharing between members of the
formal care team (eg, home care professionals, therapists,
general practitioners) were seen as a desirable function to
support integrated dementia care. Although integrated care can
improve the quality of care [49], it requires interoperable
information systems. This becomes even more true when care
providers from different agencies, informal caregivers, and
patients are involved. Interoperability issues therefore first need
to be solved to enable the optimal integration of in-home
monitoring systems for people with dementia into the health
care system.

Strengths and Limitations
Through in-depth conversations with various types of informal
caregivers across a broad range of living situations and formal
caregivers from 7 different care institutions, we were able to
obtain rich information until the point of saturation was reached,
which can be considered a strength of our study. Previous
research noted that participants of pilot studies in particular
might be more likely to have a positive orientation toward the
technology, leading to bias [10,50]. Our study on expectations
and needs with nonusers of unobtrusive in-home monitoring
might have overcome this issue by increasing the chance of
including participants that might have felt too critical or
unmotivated to take part in a pilot study. In this way, our study
might have been successful in including a broader range of
views. However, the fact that actual use was not studied comes
with a downside. As indicated by previous research [28,51,52],
actual use of in-home monitoring may affect how users think
about these technologies and may cause the attitudes of users
to change, even after a short period of use. Most research on
expectations and needs toward passive remote monitoring of
people with dementia, including our own work, has not yet been
tested against using these technologies in daily life. However,
we have tried to overcome possible difficulties to imagine the
technology in question by presenting participants with examples
of unobtrusive in-home monitoring. These scenarios helped
them to conceptualize the idea while at the same time being
able to think beyond it.

Furthermore, our study only indirectly produced information
about the perspective of people with dementia via their informal
and formal caregivers, whereas it would have been preferable
to include people with dementia more directly. We did so during
the first interview but recognized that informal caregivers felt
inhibited to freely speak about their needs in the presence of

the patient. Furthermore, we generally aim to involve
participants in a way that prevents participant burden and at a
point in technology development that suits best their capacity.
A recent review by Suijkerbuijk et al [53] on the development
of assistive technologies for people with dementia showed that
the more concrete the research materials are, the easier it
potentially becomes for people with dementia to articulate their
views. We therefore believe that collecting the views of people
with dementia on more tangible prototypes/concepts in
subsequent steps of development might be more adequate than
asking them to envision hypothetical scenarios.

Lastly, although the primary goal of this study was to gain
in-depth qualitative insights, questions remain as to whether
the identified benefits, barriers, monitoring goals, and
requirements can be generalized to a larger sample of caregivers
and other relevant stakeholders. Adding large-scale quantitative
data using an integrated mixed methods approach could help
to answer this question.

Future Research
An essential component to developing acceptable in-home
monitoring technologies that support home-based dementia care
will be to incorporate these requirements into the design that
will provide the greatest benefit for users. We plan to share our
findings with involved participants to provide room for critical
feedback. In addition, future research among (in)formal
caregivers on actual use is needed to determine how their
expectations translate into actual experiences evolving over
time and personal outcomes such as delaying institutionalization
or reducing caregiver strain.

Although informal caregivers of people with dementia providing
care from a distance are most likely to benefit from unobtrusive
in-home monitoring, this does not mean that caregivers living
with their loved one cannot also benefit from this technology.
Inclusion criteria for our study were intentionally inclusive for
informal caregivers from different living situations. The benefit
of regaining mobility and freedom that emerged in our study
was mainly brought forward by informal caregivers who lived
with their care recipient, indicating that there might be more
possible differences in expectations related to the use of
unobtrusive in-home monitoring between informal caregivers.
Future research should investigate differences in needs for
different informal care scenarios to create more personalized
requirements for unobtrusive in-home monitoring.

Lastly, as grounded in our results, future research should
investigate ways to combine unobtrusive monitoring with ways
to support people with dementia in daily living and maintaining
daily structure and health. Our participants provided the idea
of a voice-based interface that may give reminders on certain
times for eating, sleeping, or medication intake, or, based on
the level of inactivity, provides suggestions for taking a walk.
As commercially available, low-cost voice interfaces such as
Google Home and Siri—all of which are already integrated into
the lives of many—rapidly improve the ability to understand,
and even anticipate, the needs of users, unobtrusive patient
assistance could become more effective [18].
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Conclusions
Unobtrusive monitoring technologies that aim to provide support
in home-based dementia care are developing rapidly. Our results
showed that formal and informal caregivers of people with
dementia shared similar perspectives and needs. Both groups
generally saw value in unobtrusive in-home monitoring, and
felt that these systems could contribute to a shift from reactive

to more proactive and less obtrusive care. Various concerns
related to privacy, ethics, and information overload have to be
considered as they are likely to hinder acceptance. This study
also highlights the importance of developing and introducing
AI-driven monitoring systems in a way that prevents caregivers
from feeling undervalued. Our requirements can inform the
development of more acceptable and goal-directed in-home
monitoring technologies to support home-based dementia care.
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Abstract

Background: People with Alzheimer disease and related dementias often display disruptive behaviors (eg, aggression, wandering,
and restlessness), which increase family caregivers’ burden of care. However, there are few tools currently available to help these
caregivers manage disruptive behaviors. Mobile apps could meet this need, but to date little is known about them.

Objective: The aims of our study were to identify existing mobile apps designed to support family caregivers of people with
Alzheimer disease and related dementias in managing disruptive behaviors; explore whether family caregivers view these mobile
apps as relevant to meeting their needs and as useful in managing disruptive behaviors; and document the types of mobile apps
that are of interest and appeal to most family caregivers (with regard to format, ergonomics, and clarity).

Methods: A review of mobile apps initially conducted in February 2018 was updated in March 2019 with 2 platforms (App
Store [Apple Inc.] and Google Play [Google]). The selected apps were first analyzed independently by 3 raters (2 students and 1
researcher) for each of the platforms. A focus group discussion was then held with 4 family caregivers to explore their perceptions
of the apps according to their needs and interests. The content of the discussion was analyzed.

Results: Initially, 7 of 118 apps identified met the inclusion criteria. An eighth app, recommended by one of the knowledge
users, was added later. Four family caregivers (women aged between 58 and 78 years) participated in the discussion. Participants
expressed a preference for easy-to-understand apps that provide concrete intervention strategies. They reported being most inclined
to use two apps, Dementia Advisor and DTA Behaviours.

Conclusions: Few mobile apps on the market meet the needs of family caregivers in terms of content and usability. Our results
could help to address this gap by identifying what family caregivers deem relevant in a mobile app to help them manage disruptive
behaviors.
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Introduction

Background
Due to the aging population, an increased prevalence of
dementia is expected in many countries over the coming years
[1]. In Canada, it is estimated that dementia will affect around
674,000 people by 2031, which is almost twice as much as the
number in 2011 [2]. People with Alzheimer disease and related
dementias (ADRD) often display disruptive behaviors, such as
aggression (behavioral or verbal), wandering, and agitation
(excessive or inappropriate verbal or motor behaviors) [3,4].
About 50%-70% of the people with ADRD live at home and
require increasing care as the disease progresses [5,6]. Managing
disruptive behaviors can thus present real challenges for family
caregivers. Although taking care of people with ADRD may
often have a positive effect on caregivers (eg, sense of personal
accomplishment and growth) [7], they remain at greater risk of
suffering from negative psychological (eg, anxiety, depression),
emotional, and physical (eg, intense fatigue, other health
problems) consequences, as well as from financial issues and
job loss [8]. Informal caregiving represents up to almost half
of the care provided to people with dementia [9]; therefore,
helping family caregivers to lower the frequency of disruptive
behaviors, promoting their self-efficacy to manage these
behaviors, and minimizing their stress when they occur is
crucial.

Many technological tools are available to improve the quality
of life of people with ADRD and to reduce the mental and
emotional burden felt by family caregivers by helping them
with the care, treatment, and management of the disease [10].
For example, GPS technologies, including tracking devices (eg,
wandering path tracking and fall detection) [11] and intelligent
interface devices (eg, Stay in Touch) [12] can help to locate the
person with ADRD and to communicate with the family
caregiver in case of emergency. Additionally, platforms offering
informal support to family caregivers through sensors located
in the home that can monitor the behaviors of the person with
ADRD (eg, iCarer [13], passive remote patient monitoring [14],
QuietCare [15]) may represent possible solutions for family
caregivers to improve the care provided [13]. Finally, online
communities have been created for family caregivers, which
may reduce isolation [16] and support the sharing of experiential
knowledge and skills [16,17].

These technologies are often reported to be complicated to use
by caregivers or to require intensive and sustained training [18];
nonetheless, the increasing use of smartphones has generated
considerable growth in the development of mobile apps in the
health sector, including for people with ADRD. These apps
mainly aim at improving the cognitive functions of the person
with ADRD while maintaining social interactions [19]. Some
of these apps can help reduce the anxiety of family caregivers
by monitoring the person in and around the home in real time,

estimating the probability of wandering using geolocation, as
well as facilitating care management and services by health care
professionals [20]. Based on data collected by the mobile device,
some apps also offer security options, such as calling emergency
services, guiding the person to a safe place (using Google
navigation) or informing family caregivers of the geographic
location of the person with ADRD.

Although several mobile apps have been designed for people
with ADRD, very few are specifically designed to be used by
their family caregivers [19] with these primarily being conceived
to monitor the location or activities of daily living [21] of the
person with ADRD. However, family caregivers have also
expressed other important needs, namely the management of
their loved one’s mood and disruptive behaviors [22]. It would
thus be relevant to explore whether there are simple, credible,
and accessible mobile apps that meet these needs [23]. Mobile
apps have the potential to reach many family caregivers, as the
majority use smartphones more than computers [23]. Being
easy and quick to update, they allow family caregivers to access
the most recent data [19]. Mobile apps are reported to be a more
effective tool than conventional methods, such as classroom
training, to inform caregivers about ADRD [23]. They could
therefore be relevant and handy tools to promote learning and
knowledge among family caregivers of people with ADRD.
Supporting them in managing disruptive behaviors is essential
if they are to increase their sense of competence or self-efficacy,
which may in turn reduce their burden of care and improve their
psychological well-being.

Context of the Study and Objectives
In fall 2017, the researchers (VP and MDM) were approached
by a nonprofit organization (the Quebec chapter of the
international Planetree network) with expertise in implementing
best practices based on a person-centered approach. This
organization wanted to adapt a Dutch mobile app to the Quebec
context in order to reduce caregivers’ burden by helping them
manage disruptive behaviors of people with ADRD. However,
a review of similar available mobile apps was deemed to be
considered necessary prior to adapting the Dutch mobile app.
The aim of this study was to provide family caregivers with a
mobile app that could help them manage disruptive behaviors
and thus reduce their burden of care. The following specific
objectives were jointly defined by the local director of public
health (MG), the director general of the Quebec chapter of the
international Planetree network, and VP and MDM: identify
existing mobile apps designed to support family caregivers of
people with ADRD in managing disruptive behaviors; explore
the family caregivers’view of these mobile apps regarding their
relevance to meet their needs and their usefulness in managing
disruptive behaviors; and document the types (eg, format,
ergonomics, clarity) of mobile apps that are of interest and
appeal to the most family caregivers.
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Methods

Design
An increasing number of studies have been published in recent
years aimed at identifying and analyzing mobile apps available
on the market in various health disciplines [23-26]. To use a
structured and systematic framework consistent with our
objectives, a scoping review [27] was conducted. Although
scoping reviews traditionally involve research studies, the
method seemed appropriate for identifying apps available on
the market and for targeting those which may support family
caregivers of people with ADRD in managing disruptive
behaviors. Scoping reviews may indeed provide an overview
of the available documentation to examine the extent of the
current knowledge on a particular subject [27]. The selected
approach was based on the following 6 steps described by
Arksey and O’Malley [27] and revised by Levac et al [28]:
(1) formulation of research questions, (2) identification of
relevant sources, (3) selection of relevant mobile apps, (4) data
extraction and organization, (5) data analysis and results
synthesis, and (6) consultation.

Formulation of Research Questions
This scoping review aimed to answer the following research
questions: (objective 1) What mobile apps are available to
support family caregivers of people with ADRD in managing
disruptive behaviors and what are their characteristics?
(objectives 2 and 3) Do these mobile apps meet the needs of
family caregivers (ie, perceived relevance and usefulness) and
arouse their interest in using them?

Identification of Relevant Sources
The search strategy was established by 5 occupational therapy
students (PG, DL, CMM, MPP, MR, and MV) and validated
by 2 researchers (VP and MDM). The search was conducted
from February 21 to February 28, 2018, on the most popular
commercial app stores, Google Play Canada (Google) and App
Store Canada (Apple Inc), using the following keywords:
“Démence,” “démence proche aidant,” and “Alzheimer proche
aidant” in French; and “Dementia,” “dementia caregiver,”
“Alzheimer,” and “Alzheimer caregiver” in English. Two
models of smartphones were used, a Samsung Galaxy A5 and
an iPhone SE (Apple Inc), with Android (Google) and iOS
(Apple Inc) operating systems respectively.

Selection of Relevant Mobile Apps
App inclusion criteria for apps included the following: French
or English language; the targeting of disruptive behaviors
associated with ADRD; a main function of informing, educating,
or equipping family caregivers of people with ADRD; and free
use. Meanwhile, the exclusion criteria for apps were those with
an exclusive focus on psychological support for family
caregivers or the screening for early signs and symptoms of
ADRD, and those that required payment.

Two occupational therapy students (DL and CMM) first
identified the mobile apps based on the titles. A minimum of
50 applications per store was first selected to ensure a good
diversity in the results. After reaching this threshold, searches

were continued until 10 consecutive applications no longer met
the criteria (eg, memory game app for entertainment and not in
conjunction with some cognitive stimulation to prevent the onset
of ADRD) in order to ensure that as many relevant apps as
possible were identified. DL, CMM, VP, and MDM then
screened the relevance of the first identified apps to determine
if they met all the inclusion criteria and did not meet any of the
exclusion criteria based on their description. Apps common to
both stores were identified and counted only once. When the
search was updated (March 10-15, 2019), the apps that no longer
satisfied the eligibility criteria were removed.

Data Extraction and Organization
The mobile apps selected in the previous step were then
downloaded and organized in a Microsoft Excel data chart
developed by the research team according to the following
information: app name and download size description of the
interface, internet connection required to access content (once
the app has been downloaded); and content of the app
(categories of information and how information is presented).
The data were organized following two parallel processes, one
for mobile apps identified in Google Play (coordinated by DL)
and the other for App Store (coordinated by CMM). Apps that
no longer satisfied the inclusion criteria following this in-depth
analysis were excluded. In case of uncertainty, VP was consulted
to validate the decision. The suggested Dutch app
(Dementiegame) by Planetree network was subsequently
included in the process.

Data Analysis and Results Synthesis
Data analysis was based on a qualitative and iterative process.
The information collected was extracted to a grid based on the
following predetermined themes: quality (credibility and
accuracy of the information), accessibility and
comprehensibility, and usability (speed and complexity). They
were inspired by the themes central to the concepts of
translational validity, which includes both face validity and
content validity [29] and evolved throughout the process.

All the selected apps were analyzed independently by 3 raters
(2 students and a researcher), for each of the app stores, Google
Play (DL, MV, and MDM), and App Store (CMM, PG, and
MDM). The apps were assessed by each rater according to their
relevance, and disparities were resolved by consensus.

Consultation With Knowledge Users
A focus group meeting was conducted with family caregivers
of people with ADRD (knowledge users) to explore their
perceptions of the selected apps according to their needs and
interest in using them. This method is more suitable for
exploring the positive and negative components in usability and
usefulness of new technology, crossing perspectives, and gaining
more detailed feedback (generated by sharing information
between the different participants) than are one-on-one single
interviews [30].

Recruitment and Selection of Participants
Participants were recruited using a purposive nonprobability
sampling technique (29). We presented the study (objectives
and main stages of achievement) to caregivers (N=30) who
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attended meetings held by 2 community support organizations.
A brief description of the study and the contact details of the
person to reach were given to family caregivers interested in
participating in the research project. To be included in the study,
participants had to be a family caregiver (eg, husband, wife,
daughter, son) of a person with disruptive behaviors associated
with ADRD, speak French and have a good understanding of
written French and English, and have concerns about disruptive
behaviors exhibited by a family member with ADRD.

Data Collection (Focus Group)
Data were collected during a face-to-face focus group meeting
at the Research Center of Aging. The meeting began with a
presentation of the selected apps to the participants, who had
received them a week prior to the focus group in order to allow
for some familiarization. This presentation was made by MPP
and PG to help caregivers understand the aim of the apps. The
focus group, led by a researcher trained in the qualitative
approach (MDM), allowed the participants to comment on the
perceived relevance of the apps’ content (useful information,
meets users’ needs) and their interest in future use. Participants
were also encouraged to comment on issues or questions that
had not been addressed. Evidence from previous studies [31,32]
inspired the development of the focus group guide (Multimedia
Appendix 1). The meeting lasted 94 minutes. The discussion
was digitally audio-recorded and then fully transcribed by CMM
and MR. Participants were also asked to complete a
sociodemographic questionnaire documenting their age and
gender, their relationship with and level of involvement in the
care of the person with ADRD, and the type of mobile phone
they used.

Data Analysis (Focus Group)
Transcription of the focus group meeting was content analyzed
[33]. MV, DL, and MDM manually and independently coded
the data using a grid with the predetermined themes of relevance
to participants’ needs and perceived usefulness. Participants’
comments were first associated with these themes and then
inductively subdivided into categories and subcategories as the
analysis progressed. The coding and categorization were carried

out independently and then corroborated by all members; if a
discrepancy arose, the issue was discussed to reach a consensus.

The local director of public health (MG) and the director general
of the Quebec chapter of the Planetree network were consulted
during the process to ensure the relevance of the results and the
selection of the most efficient knowledge transfer strategies.
Meetings with members of the research team were held on a
quarterly basis (2018) and then annually (2019, 2020).

Ethical Considerations
The study was approved by the ethics committee of Centre
intégré universitaire de santé et de services sociaux de l’Estrie,
Centre Hospitalier Universitaire de Sherbrooke. Participants
completed a consent form before participating in the focus
group.

Results

Selection of the Relevant Mobile Apps
Figure 1 shows the flowchart of the app selection process. The
searches in Google Play and App Store identified 118 apps (22
available on both platforms, 50 available only in Google Play,
and 46 available only in App Store) based on title screening.
Their descriptions were then screened based on the inclusion
and exclusion criteria. Apps were mainly excluded due to their
aim not being in line with the research objectives, and several
involved only disease screening, games, therapy, or even
fundraising. Others were designed to help the person with
ADRD to function and were based on functionalities that were
not relevant to the present study (geolocation, management of
schedules, alarm, etc). Finally, several apps did not target
disruptive behaviors or did not provide tools to support the care
provided by family caregivers (detailed descriptions of dementia
types, causes, and symptoms). The population targeted by the
apps was another reason for exclusion. An app could target
several populations. Ultimately, 18 of the initially identified
118 apps (15.3%) remained after applying the inclusion and
exclusion criteria.
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Figure 1. Flowchart of the app selection process.

Following the update in March 2019, half of these 18 apps (n=9)
were excluded because they were no longer free or no longer
available. In addition, 1 app no longer targeted disruptive
behaviors, and another only referred users to a website. In the
end, 7 apps were eligible for the focus group. By adding the
app suggested by the director general of the Quebec chapter of
the Planetree network, 8 apps were ultimately included in the
analysis: 1 was only available on Google Play, 1 on App Store,
and 6 were available on both platforms.

Description of the Relevant Mobile Apps
Of the 8 apps selected, 7 were in English, and only 2 of these,
Dementia Advisor (English and French) and Dementia Support
(English, German, Dutch, and Portuguese) were available in
more than one language. The Dutch app, Dementiegame, was
only available in Dutch and was the only app in the form of an
interactive game. Multimedia Appendix 2 provides a description

of the 8 apps that were presented to the family caregivers during
the focus group meeting.

Consultation With Knowledge Users: Description of
Participants
Four family caregivers of people with ADRD showed interest
in the study and took part in the focus group meeting. Table 1
presents the characteristics of the sample. Participants were all
French-speaking White women aged from 58 to 78 years. Two
daughters and two spouses acted as the main family caregivers
with an active and daily involvement with the person with
ADRD. Participants were at different levels of caregiving, with
relatives at the beginning, the middle, and the advanced stage
of the disease. Only 1 participant had a deceased relative;
however, she had an extensive caregiving experience with her
husband and remained active in her caregiver role by supporting
other loved ones. The participants were evenly distributed
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between the 2 types of devices (Android or Apple) and their familiarity with the device was varied (quite to very familiar).

Table 1. Characteristics of focus group participants (n=4).

Mobile device/familiarity with itADRD stageIntensity/frequency of interactions
with the person with ADRD

Relationship with the

person with ADRDa
Age
(years)

Participant

Android/familiarAdvancedActive, dailyDaughter581

iPhone/very familiarDeceasedActive, dailyDaughter672

Android/quite familiarBeginningActive, dailySpouse703

iPad/quite familiarMiddleActive, dailySpouse784

aADRD: Alzheimer disease and related dementias.

Consultation With Knowledge Users: Relevance and
Perceived Usefulness of the Mobile Apps
Participants were asked if the selected mobile apps met their
needs and aroused their interest. Their feedback was divided
into 2 themes: (1) relevance of the mobile apps and (2) perceived
usefulness of the mobile apps. A total of 13 categories and 13
subcategories were identified in relation to these 2 themes.
Multimedia Appendix 3 (relevance) and Multimedia Appendix
4 (perceived usefulness) summarize the results.

Relevance of Mobile Apps
Participants spontaneously rated the relevance of the mobile
apps regarding the fit (or not) between content and perceived
needs. Participants identified 3 mobile apps (DTA Behaviours,
Dementia Advisor, and Dementia Emergency) that they thought
contained the information that family caregivers may need to
manage disruptive behaviors at a given point in the course of
the disease. Referring to the DTA Behaviours app, one
participant said, “Well, all the subjects that are named, I mean
in any case, I went through ALL of them with my mother, ALL
[…] at different stages”. Participants also noted that certain apps
(Dementia Games and Dementia Emergency) did not seem
relevant to supporting a caregiver in managing disruptive
behaviors, as their content was more about actual changes in
behaviors with ADRD than advice on how to deal with them.
They also thought that some apps might be more helpful to other
family members less involved in care than the main caregiver;
for example, one participant said, “But on the other hand, the
last one you presented to us [Dementiegame], I see [it] [as being
for] children or brothers and sisters.” Indeed, these apps relate
more to the impact of the disease on daily living, a reality that
other family members are less aware of as compared to the main
caregiver.

Perceived Usefulness of Mobile Apps
First, participants were asked about the likelihood of their using
the mobile app and about the context in which they might be
more likely to use them. Not surprisingly, compatibility of the
apps with their mobile device was the main factor influencing
use. Furthermore, participants expressed little interest in certain
apps (Care4Dementia and Alzheimer’s Daily Companion)
because they did not see any added value:

It’s […] like a book. No need for a mobile application
[to present such content], it’s like […] I press here
and it brings me [to a text], and [if I press there, it

brings me back to another text]. Why not get a book
and leave it at that?

Participants recommended using certain apps (DTA Behaviours,
Dementia Support, and Dementia Advisor) before disruptive
behaviors occurred. One participant expressed this idea in
reference to the Dementia Advisor app: “The first thing I would
do is look at all the daily situations presented, with a cool head.”
In addition, the apps may be used afterwards (for example,
Dementia Advisor and DTA Behaviours) to get feedback on
their interventions. As one participant said, “After the situation
gets better also, but here I would go to see what I did, what I
could have done better.” Other apps seemed interesting in terms
of using them on the spot when needed: “If my mom has a
terrible attack, [I can open] my app […], then I’ll see what I
can do […], ok well. […] It’s like here and now.” Also, not
surprisingly, participants said they were more attracted to
easier-to-understand apps, especially those available in their
mother tongue (ie, in French vs only in English). Family
caregivers reported being inclined to use mobile apps when the
information was clear, even if not in French (ie, DTA
Behaviours, Dementia Advisor, and Dementia Emergency). The
format of the mobile apps and, more precisely, the way in which
the information was presented and organized, also influenced
their opinion:

But […] the first one I had earlier, on [Android,
Dementia Emergency], well I understood it very
quickly […] I was not lost at all [because the
information is well organized and easy to find]

Conversely, participants were less likely to use mobile apps
that required more steps to find needed information; for instance,
one participant did not like Care4Dementia because there was
“too much research.”

Overall Rating
Participants concluded that the ideal mobile app would include
concrete intervention strategies to apply when disruptive
behaviors occur. In this regard and based on the apps themselves
(regardless of the platform/mobile device), participants reported
that they could potentially use 2 of the apps, Dementia Advisor
and DTA Behaviours. As one said, “These are tools that I need,
really concrete: there is a behavior [which arises and the
application tells you] and what you can do [to cope with it]”.
Figure 2 and Figure 3 show sample screenshots of Dementia
Advisor and DTA Behaviours, respectively.
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Figure 2. Screenshots from the Dementia Advisor app.
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Figure 3. Screenshots from the DTA Behaviours app.

Discussion

Main Findings
This study aimed to identify currently available mobile apps in
Canada developed to support family caregivers in managing
disruptive behaviors of people with ADRD, explore the
relevance and usefulness of these apps as perceived by
caregivers, and document the types of apps that appeal to the
most family caregivers. Of the 118 apps inventoried, 8 were

selected to be reviewed by caregivers, and only 2 of these were
perceived as relevant and useful by caregivers.

Our review suggested that there are currently a limited number
of mobile apps on the market targeting family caregivers to help
them deal with disruptive behaviors of people with ADRD.
Because health apps only started expanding in 2013 [34],
customized apps to assist caregivers in dealing with disruptive
behaviors of people with ADRD are still scarce. Moreover, for
the apps reviewed, it was challenging to determine if the
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information provided was evidence-based and to what extent it
met family caregivers’ needs.

According to our results, few mobile apps sufficiently met the
caregivers’ needs in managing disruptive behaviors. More
specifically, only Dementia Advisor and DTA Behaviors
appealed to most of the participants by offering concrete
strategies to manage disruptive behaviors of people with ADRD.
Participants mentioned that these apps also have a
well-organized design interface, providing customized and clear
information for quick searches. As most users, including
caregivers, now use smartphones [34], it is important to prevent
apps from being difficult to use [35]. Past studies reported that
the small size of smartphone screens and texts in the apps were
common usability issues, especially for older caregivers [36,37].
Hence, app usability is a key factor that needs to be addressed
to improve caregivers’ experience [38]. Overall, our findings
are in line with previous results as they highlighted the
importance of adapting health apps to the needs of users,
including caregivers [34].

Regarding the Dementiegame app, most participants said that
it did not meet their current needs, due to difficulty navigating
through the app and accessing information. Our results underline
the importance for future studies to involve family caregivers
in designing useful, relevant, and easy-to-use apps, especially
by providing concrete strategies to help them deal with
disruptive behaviors on a daily basis. In this regard, the ‘living
lab” approach might be adopted since it aims to develop
innovative, sustainable solutions to the growing challenge of
managing disruptive behaviors of people with ADRD [39].

Finally, our review of mobile apps was updated in May 2020,
using the same 2 platforms (App Store and Google Play). One
new relevant app called CogniCare was found. This app was
updated recently in April 2020. It provides a rich source of
useful tips and short videos to help family caregivers manage
disruptive behaviors of their loved ones with ADRD. As our
study and content analysis of the focus group discussion was
completed before we found this new app, our results only apply
to the apps previously reviewed in this paper.

Strengths and Limitations
This study has several strengths. First, for the scoping review,
we followed a rigorous, reliable approach based on Levac [28].
Many scoping reviews do not include the last step (consultation),
but we performed it using a rigorous method to validate the
results with family caregivers. The diverse profiles of the family
caregivers who participated in the focus group discussion was
a strength of this study (children and spouses of various ages).
Second, the analysis of the selected mobile apps, exploration
of the app once downloaded, and data validation by 4 team
members (2 per type of mobile app store) contributed to the
study’s reliability and reduced subjectivity bias. Finally, the
study included only free apps. Although this decision may limit
the number of apps, this methodological choice was deemed
essential by the local director of public health to increase access
to the general public, especially to caregivers with financial
issues.

The study also has some limitations. First, as apps were searched
for on the App Store Canada and Google Play Canada databases,
the results only reflect the app market in this country. It was
also not possible to cover all existing apps. Thus, an arbitrary
limit was placed on our search. As a result, some apps could
have been omitted, even though the cutoff used suggests that
few relevant apps would have met the inclusion criteria. Third,
some apps used external websites. As the information provided
outside of the apps was not reviewed as thoroughly as was the
in-app content, we do not know the quality of the content
provided to family caregivers through these external links.
Further studies should ensure that the applications developed
to support caregivers of people with ADRD are based on
evidence-based data (eg, theories of managing behavioral
symptoms). Furthermore, the number of family caregivers in
our focus groups was small, and no male caregivers could
participate in the study within the timeframe of recruitment.
Despite the group being all women, the 4 participants were
varied in terms of age (58 to 78 years), relationship with the
person with ADRD (2 spouses and 2 daughters), and literacy
level. It is not surprising to have recruited only women, as
around two-thirds of caregivers of people with dementia are
women [40]. Moreover, the majority of persons who attended
the meetings held by key community support organizations
(where we recruited) were women. It is also well known that
elderly women are more likely to participate in research studies
than their male counterparts. Several studies carried out with
caregivers of patients with dementia have mainly women as
participants [41,42]. Although few in number, the participants
had different levels of familiarity with the technology (from
quite to very familiar) and had a rich experience of caregiving.
Finally, the themes emerging during the focus group discussion
triggered an emotional reaction in some participants, who were
not comfortable discussing the app. Therefore, providing time
at the outset to address emotional issues might have allowed
participants to vent their emotions and then focus on the study’s
objectives. Recruiting former caregivers may provide access to
rich experience while reducing the likelihood of being
emotionally overloaded during the study.

Recommendations and Future Directions
The focus group discussion helped to identify what family
caregivers find relevant and useful in a mobile app, even if
future studies should involve more participants. Inclusion of
concrete intervention strategies appears to be an important
feature. These findings may guide the development of future
apps for these caregivers. In addition, using mobile apps is an
effective way to improve knowledge because they are ready at
hand and can be consulted quickly. Apps are therefore likely to
reduce difficulties, such as being afraid of leaving the family
member alone at home, encountered by many current training
courses. On the other hand, technological difficulties can impede
their use, which underlines the importance of involving family
caregivers with different degrees of digital literacy when
designing apps [43]. In addition, as the medical terminology
used in apps should be easy for target users to understand [44],
future studies should determine to what extent the apps are
comprehensible to caregivers with differing degrees of health
literacy, a factor which was not fully examined in our study.
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One important public health priority is to promote access to
knowledge tools for every individual, especially the most
vulnerable. In this regard, some of the apps reviewed require
an internet connection, which may reduce caregivers’ access to
them, as not everyone can afford internet services. Moreover,
most of the apps reviewed did not have password protection or
require login. One common concern of mobile health apps is
privacy, as users often enter their loved ones’health information
[45,46]. Future attention should be paid to ways to protect users’
private information, without this being a barrier to using the
app.

Finally, with the constantly evolving market, a certain
“volatility” of the available apps has been noted. In fact, some
of the apps identified might have been discontinued, while new
ones may have appeared. There are also variations between the
2 stores regarding available apps. It is therefore suggested that
an app search be carefully planned to ensure exhaustivity and
reproducibility with respect to the review of the apps. Indeed,

2 people may not find the same list of apps in Google Play due
to the algorithms used to partially personalize the results [47].
In addition, we must remain critical about the list generated, as
sponsored apps top the list despite not necessarily being the
most relevant.

Conclusions
Considering the proliferation of mobile apps and their increased
use by family caregivers, available mobile apps designed to
help manage disruptive behaviors should meet their needs in
terms of both content and usability. However, when this study
was conducted, few apps met these criteria. Therefore, this study
aims to reduce this deficiency by highlighting what caregivers
consider relevant and useful in existing mobile apps, while
identifying those tailored to family caregivers’ needs. These
findings may help caregivers to manage disruptive behaviors
more effectively and satisfactorily, reduce their burden of care
and, ultimately, delay the institutionalization of people with
ADRD.
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Abstract

Background: Many informal caregivers of older adults have limited time because of the number of responsibilities that their
caregiving role entails. This population often experiences high levels of burden due to the stressful nature of their work and are
vulnerable to developing negative psychological health outcomes. Easily accessible and flexible knowledge interventions are
needed to alleviate the burden and stress experienced by this group.

Objective: This study aims to evaluate the acceptability of the web-based delivery of the Caregiving Essentials course for
informal caregivers of older adults. Both the strengths and limitations of using a web-based platform to provide information and
resources were explored to see whether the method of delivery enhanced or hindered the overall course experience for participants.

Methods: A mixed methodology of web-based pre- (n=111) and postcourse surveys (n=39) and telephone interviews (n=26)
was used to collect both qualitative and quantitative data from participants. Individual interviews were also conducted with key
stakeholders (n=6), and a focus group was conducted with nursing students (n=5) who were involved in the project.

Results: The web-based delivery of the course provided participants with greater accessibility to the course because it allowed
them to work independently through the modules at their own pace wherever and whenever. The discussion boards were also
identified as a major strength because of the opportunity for social interaction and the sense of community that many felt through
sharing their experiences. Some barriers to participation included age-related factors, issues with navigating aspects of the course,
and concerns about privacy and anonymity. Some key suggestions included more engaging methods of web-based communication
and the reorganization of the module content to reduce the amount of text and streamline information.

Conclusions: The web-based delivery of Caregiving Essentials appeared to enhance the overall course experience by increasing
accessibility and allowing participants to interact with the learning materials and other caregivers. The findings from this evaluation
can be used to create and improve the web-based delivery of both the current and emerging interventions for caregivers.

(JMIR Aging 2021;4(2):e25671)   doi:10.2196/25671
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Introduction

Background
Informal caregivers are those who provide unpaid care to
someone with at least 1 short- or long-term health condition or
disability [1]. Family members often take on these roles and act
as the primary support systems, especially when the care
recipient is an older adult [2]. Caregiving responsibilities involve
identifying and addressing needs through direct care provision,
care management, or a combination of both [3]. Traditionally,
this work was done by spouses, daughters, or daughters-in-law,
given the gendered nature of caregiving work [3]. As of 2012,
most informal caregivers in Canada were women (53%) [4],
and in 2018, most (61%) were aged between 45 years and 64
years, and almost half (47%) were the adult children or
children-in-law of their care recipients [5].

There is a growing number of Canadians engaging in unpaid,
informal care work [6]. This is largely caused by Canada’s aging
population, which is an increasing demographic trend. Another
contributing factor is the shift in the responsibility of care from
institutions to communities and families. In 2018, 7.8 million
Canadians reported having provided care to a family member
or friend with a long-term health condition, disability, or aging
need [5]. The number of Canadians who will need to be cared
for is expected to double over the next 30 years [7]. Caregivers
identified age-related needs as the single most common problem
for which they required help [6]. Therefore, the percentage of
the population engaging in informal care work is likely to
continue to grow in the coming years.

The informal caregiving of an older adult is often overwhelming
and stressful because of the diversity of responsibilities and the
unpredictable nature of the work. It usually calls for a mixture
of emotional, physical, psychological, social, and financial
support from the caregiver on a regular basis [8]. In addition,
the role requires a knowledge base and skill set that many family
members and friends are unequipped with at the onset of their
caregiving journey [3,9]. In many cases, family caregivers must
learn information and seek out resources along the way, which
further adds to the burden they experience. Sometimes, people
may be unexpectedly thrown into the role of caregiving when
health complications arise suddenly in a friend or family
member. In some cases, informal caregivers assume the role
because it is seen as a family obligation [10]. Consequently, it
is crucial that caregivers have access to proper support and
resources to help alleviate stress and potential negative health
outcomes.

However, the availability and accessibility of formal care
services are not equally distributed across space [1]. Rural and
remote locations have little to no services to support a family
member providing care for an older adult. Even for the resources
that do exist in rural areas, limitations such as distance and
money may prevent caregivers from accessing them. When
informal caregivers are isolated from the health care system and
trained professionals, they experience more unmet tangible
needs and, thus, more burden. This accessibility gap between
urban and rural caregivers can result in differential health status
among the care recipients [11]. Consequently, there is a

significant need for more easily accessible information to be
available for informal caregivers of older adults, irrespective
of where they live.

Previous Work
Many interventions have been implemented over the years to
meet the needs of informal caregivers of older adults. The
literature shows that interventions that are individually tailored
and have multiple components are the most effective types for
this population [12,13]. Research has indicated that interventions
with multiple components have led to stronger physical and
mental health benefits for participants when compared with
single-component programs [10]. Psychoeducational
interventions that can be personalized allow for more significant
effects because of targeted intervention delivery [14].

Although traditional face-to-face interventions are more
common, eHealth interventions are growing in popularity. The
number of people seeking web-based support is increasing [15],
as is the number of internet users who are older adults [16].
Therefore, web-based interventions fit with the contemporary
behavior of many informal caregivers today. In addition, they
allow for both individualization and the use of multiple
components. The 4 major components of internet-based
interventions are (1) content, (2) multimedia, (3) interactive
web-based activities, and (4) guidance and supportive feedback
[17].

Several web-based interventions have been conducted for
different types of informal caregivers, demonstrating the
feasibility of using this mode of delivery. In a systematic review,
the results indicated that internet interventions can improve
various aspects of caregiver well-being [16]. Similarly, in
another systematic review, the impact of web-based
interventions for caregivers was deemed to be clearly positive,
with improvements in self-efficacy, anxiety, and depression
observed [18]. Other promising web-based intervention
outcomes have been seen, such as a reduction in caregiver
burden [19], an increase in social support and role awareness
[20], and a greater intention to access help from others [12].

In terms of the acceptability of web-based delivery, caregivers
responded positively to initiatives involving web-based
education and internet support groups [21]. For example, in a
pilot study on a videoconferencing intervention, 95% of the
family caregiver participants reported that using computers for
group meetings was either very positive or moderately positive
[22]. Moreover, it has been shown that internet-based
interventions for informal caregivers are acceptable and just as
effective as the conventional face-to-face interventions [18].

Due to service access limitations, informal caregivers may not
want or be able to use formal care services and other resources.
Therefore, internet interventions can provide education and
support to informal caregivers facing participation barriers [22].
Furthermore, as web-based interventions are generally more
cost-effective and accessible to informal caregivers than
in-person interventions, they present promising opportunities
for scalability [23].

Accessibility and asynchronism, which is the lack of
simultaneous occurrence, were the 2 advantages identified by
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participants regarding the web-based modality of a training
program [14]. Participants in that intervention also emphasized
the importance of interacting with other caregivers because it
reduced social isolation [14]. In another study on internet-based
support, the findings revealed that anonymity, asynchronism,
and connectivity were the main advantages of
computer-mediated communication [15]. In terms of connecting
with other caregivers, participants were more engaged and
experienced more benefits when the intervention type was more
interactive [10]. One systematic review observed that interactive
web-based activities paired with the provision of human support
were helpful in enhancing the psychological well-being of
caregivers [17].

Despite the many positive outcomes of internet-based
interventions and the several strengths of web-based delivery,
there is a lack of randomized controlled trials [23]. The
heterogeneity in intervention design, methodologies, outcomes,
and participant characteristics, among others, makes cross
comparison unattainable. More rigorous study designs and
stronger methods would allow for more robust conclusions on
the efficacy of such interventions for informal caregivers of
older adults [21]. Further research should be conducted to
determine which types of web-based interventions work best
for which types of caregivers [24].

Context and Goal of the Study
The Caregiving Essentials course [25] is a no-cost knowledge
intervention hosted on Desire2Learn. The self-paced 8-week
course was created by team members from the McMaster Centre
for Continuing Education, the McMaster Institute for Research
on Aging, and the Thrive Group to meet the needs of informal
caregivers for practical, accessible, and timely information [26].
The web-based course was launched with 2 pilot offerings, one
in the fall of 2018 and the other in the winter of 2019. The
course aimed to enhance caregivers’knowledge and confidence
regarding health care issues pertaining to older adults, improve
caregivers’ understanding and access to health and community
care systems, and increase caregivers’ personal health and
well-being.

Caregiving Essentials includes 4 stand-alone modules, each
with a specific focus, and a resources module that features
carefully selected materials. The module titles are as follows:
(1) You and the Caregiver Role; (2) Your Caregiver Toolbox:
Health and Medical Fundamentals; (3) Navigating Complex
Systems and Getting the Support You Need; (4) The Importance
of Looking After You; and (5) Resources. The curriculum offers

users reliable, relevant, and up-to-date information on key topics
related to the caregiving journey. Content was gathered from
credible sources, such as the McMaster Optimal Aging Portal
[27], and was reviewed by subject matter experts. Following
each module, participants can assess their level of knowledge
and understanding by completing self-check quizzes. The
Caregiver Action Plan, a digital guide created to supplement
the course, is linked to certain exercises woven across the
modules. It provides participants with an individualized and
practical resource at the end of the course. There are also
prompts within each module that are connected to discussion
board threads, where participants can engage with each other
on the web.

The aim of this study is to evaluate the acceptability of the
web-based delivery of the Caregiving Essentials course for
informal caregivers of older adults. To determine whether the
web-based delivery was well received and its impact on the
usability of the course overall, those involved in the project
were asked to provide feedback after course completion.
Strengths, limitations, and areas of improvement related to the
web-based functionality were identified by participants to
determine whether the method of delivery enhanced or hindered
different aspects of the user experience.

Methods

Recruitment
The inclusion criteria for the Caregiving Essentials course
specified that participants must be the primary caregiver to an
older adult (65 years or older) who is still living at home.
Recruitment strategies targeted people residing in Hamilton,
Sudbury, or Timmins for the fall course offering, and then
efforts were expanded to anywhere in Ontario for the winter
course offering. Participants were recruited using various
community partner networks, such as long-term care homes,
respite relief services, senior community centers, and academic
institutions. The participants involved in the course evaluation
were informal caregivers of older adults who had finished the
majority of the module material by the official course end date.
Participation in the evaluation was not a compulsory component
of the course; therefore, data were only collected from those
who were willing to offer their feedback (Table 1). The course
users who completed all elements of the evaluation (pre- and
postcourse surveys and a telephone interview) received a Can
$20.00 (US $16.58) Tim Hortons gift card as a token of
appreciation.

Table 1. Caregiver participants’ engagement numbers.

Telephone interviews
conducted

Postcourse surveys
completed

Precourse surveys com-
pleted

Course registrantsRecruitment inquiriesPilot course offering

2639111140315Total, n

14 (53.8)20 (51.3)52 (46.8)70 (50)150 (47.6)Fall 2018, n (%)

12 (46.2)19 (48.7)59 (53.2)70 (50)165 (52.4)Winter 2019, n (%)

Recruitment for the project was done via email communication,
and both electronic and verbal consent were obtained. A total
of 14 participants from the fall course offering and 12

participants from the winter course offering agreed to an
interview. In addition, 6 key project stakeholders were recruited
to participate in the evaluation. This subsample comprised 1

JMIR Aging 2021 | vol. 4 | iss. 2 |e25671 | p.57https://aging.jmir.org/2021/2/e25671
(page number not for citation purposes)

Rottenberg & WilliamsJMIR AGING

XSL•FO
RenderX

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


project leader, 1 project coordinator, 1 subject matter expert, 1
instructional designer, and 2 project advisory committee
members. In addition, 5 nursing students who moderated the
course discussion boards and offered support to participants
through email were invited to provide qualitative feedback on
web-based delivery via a focus group. Thus, the total sample
size for the qualitative data was 37.

Data Collection
A mixed methodology was used to evaluate web-based delivery
of the course. Participants were asked to complete a web-based
precourse survey that contained close-ended questions about
their experience as a caregiver, their access to and use of
technology, and demographic information for both themselves
and their care recipient. Participants were then asked to complete
a postcourse survey that contained the same questions as the
precourse survey, with an extra section about their experience
taking the course. Both quantitative surveys were administered
anonymously on the web through LimeSurvey. Thus,
participants’ confidentiality was maintained, as the answers
could not be linked to individual participants.

Caregivers who finished most of the module content were
invited to participate in one-on-one telephone interviews to
provide more in-depth feedback. A semistructured interview
guide with open-ended questions was used to ask participants
about usability, accessibility, level of interaction, strengths,
weaknesses, and areas of improvement regarding the Caregiving
Essentials course. A total of 26 participant interviews were
conducted. Qualitative feedback was also collected via telephone
interviews with 6 key project stakeholders. This interview guide
focused on the strengths, weaknesses, areas of improvement,
and scalability of the course. In addition, a web-based focus
group was conducted with 5 nursing students who played an
active role in the course. Similarly, they were asked a
combination of questions from both the participant and
stakeholder interview guides.

Data Analysis
The survey data collected from participants before and after the
course could not be compared because there was a significant

difference between the number of people who completed the
precourse survey and those who completed the postcourse
survey (Table 1). However, the postcourse survey responses
were compared with the qualitative interview feedback and
supported the major findings in terms of overlapping identified
themes. Therefore, methodological triangulation was conducted
by cross analyzing the 3 different forms of data collection. The
survey data, interview data, and focus group data helped to
ensure the validity of the key findings. The audio-recorded
interviews and focus group were transcribed and analyzed using
thematic coding in NVivo 12 Pro (QSR International). An
inductive approach was used to identify 35 unique nodes and
subfolders, which eventually led to the formation of overarching
themes related to the main objective. These themes include
accessibility to and within the course, level of interaction
between peers and with the content, comfortability with and
barriers to using technology, and scalability of the project.

Respondents were categorized based on their participant group
(caregiver, stakeholder, or nursing student). If the participant
was a caregiver, they were further categorized based on which
course offering they took (Fall 2018 or Winter 2019). Therefore,
the identifier F11 refers to a caregiver participant from the fall
course offering, the identifier W2 refers to a caregiver
participant from the winter course offering, S2 refers to a
stakeholder participant, and NS5 refers to a nursing student
participant.

Results

Participants
As noted in Table 2, slightly more than half (21/39, 54%) of
those who participated in the postcourse survey (n=39) were
aged between 45 years and 64 years, most self-identified as
female (28/39, 72%), many (17/39, 44%) were providing care
to a parent, about half (21/39, 53%) had been a caregiver for 1
to 3 years, almost half (19/39, 49%) were either employed
part-time or full-time when they completed the survey, and
one-third (13/39, 33%) reported providing informal care for
more than 15 hours per week.
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Table 2. Participant information from the postcourse survey (n=39).a

Participant, n (%)Postcourse survey questions and options

What is your age? (years)

3 (8)18-24

1 (3)25-34

1 (3)35-44

7 (18)45-54

14 (36)55-64

3 (8)65-74

4 (10)≥75

What is your sex?

5 (13)Male

28 (72)Female

0 (0)Other

What is your relationship with this person? Your care recipient is...

17 (44)Your parent

7 (18)Your spouse

4 (10)A family member

0 (0)A friend

5 (13)Other

Approximately how many hours per week do you provide care to this person?

6 (15)1-4

8 (21)5-9

5 (13)10-14

2 (5)15-19

11 (28)≥20

Are you currently employed?

15 (38)Yes: full-time

4 (10)Yes: part-time

10 (26)No

4 (10)Other, please specify

How long have you been a caregiver? (years)

3 (8)<1

21 (54)1-3

5 (13)4-6

0 (0)≥7

What is your estimated annual household income before taxes? (Can $ [US $])

0 (0)<15,000 (12,433.33)

2 (5)15,000-29,000 (12,433.33-24,037.76)

9 (23)30,000-49,999 (24,866.65-41,443.59)

2 (5)50,000-69,999 (41,444.42-58,021.36)

5 (13)70,000-99,999 (58,022.19-82,888.01)

6 (15)>100,000 (82,888.84)

9 (23)Prefer not to answer
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aResponse rate was not 100% for each question.

Strengths of Web-Based Delivery
Most of the caregivers who participated in the evaluation
component of the project stated that they preferred it over an
in-person intervention. One participant said:

If I had to show up at a place, I probably would not
have participated as much as being able to do it
online. [W2]

Similarly, another interviewee said:

The reason why I enrolled in this online course is
because I’m extremely busy and I couldn’t always
make it in person. [W8]

One project stakeholder expressed their understanding of the
importance of web-based delivery for the course:

People don’t want to come out or maybe they can’t
get out because of that person that they have at home
and it’s not easy to find some relief ... The online was
just vital. [S2]

These positive interview comments correlate with the high
number of caregiver respondents who agreed (30/35, 86%) or
somewhat agreed (4/35, 11%) to survey statement number 6
(“In the future, I would be willing to take an online course
again.”), as shown in Table 3.

Table 3. Caregiver participant postcourse survey results (n=35).a

Disagree, n (%)Somewhat agree, n (%)Agree, n (%)Survey statementItem number

0 (0)1 (3)34 (97)I would recommend this course to a friend.1

4 (11)15 (43)14 (40)I am comfortable sharing my ideas in written format online.2

5 (14)12 (34)15 (43)I am confident using and contributing to an online discussion group when
I need help or information.

3

0 (0)15 (43)17 (49)I feel comfortable assessing the information I discover online for their in-
tegrity and truthfulness.

4

2 (6)6 (17)26 (74)I am satisfied with the level of interaction in this course.5

1 (3)4 (11)30 (86)In the future, I would be willing to take an online course again.6

aResponse rate was not 100% for all questions.

More specifically, several participants praised the flexibility of
the course and their ability to participate wherever and
whenever. One respondent noted:

The material ... lent itself well to doing things
independent and online—which is what I was looking
for. [F11]

Quite a few caregivers spoke to the self-paced nature of the
course, mentioning how the ability to “[do] it on my time” (W9)
and “hop online anytime that works” (W4) was extremely
valuable to them. One participant described how the flexibility
of the course benefitted their level of access:

I could participate in the course at home, when I’m
at school; it didn’t prevent getting access to the
information in any way ... doing it online was the best
option. [F3]

Although some liked the fact that “[i]t’s in the comfort of your
own house” (W7), others enjoyed the ability to log into the
course from work “on and off throughout the day, and during
my lunch breaks” (W3).

As one respondent put it:

It was a good way because ... for all the caregivers,
we all have different times of when we’re available.
[W10]

This strength was realized and echoed by one stakeholder as
well:

It was presented in a manner that would be palatable
to older adults who are quite busy. [S5]

Similarly, one member of the focus group of nursing students
also agreed:

Having it on their own terms ... knowing they have it
right in their own home, was valuable to them. [NS5]

The flexibility of module information intake was highlighted
as another important feature:

I liked how you could stop and play at your own pace.
[W8]

Another caregiver stated:

It was a good thing because you could go back if you
forgot anything. [W12]

Other participants talked about repetition in viewing module
content:

I’ve gone through it a couple of times. [F5]

I could go back and look at some of the modules I
had already finished, just to kind of review. [W5]

Others chose to only read through the information that was most
relevant to them:

I kind of just scanned over ... really focused on the
things that I needed. [F8]

The control over choosing how much time to invest in the course
and in each section of the modules seemed beneficial:
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You can spend as much time or as little time on those
modules as you like. [W2]

An additional element of accessibility was the free course
registration. A number of caregivers expressed appreciation for
the affordability of the course in their interviews (F3, F8, W3,
and W11). Accessibility was considered throughout the whole
design process, as stated by one project stakeholder:

A distinct strength was that this was a “no cost,” open
opportunity for caregivers. We worked hard to ensure
there would be as few hurdles to access as many
online materials as possible. [S4]

Besides reducing financial barriers, the web-based aspect of
Caregiving Essentials also helped to tackle geographical
limitations:

Technology ... can facilitate crossing a barrier,
including the barrier of geography ... Again, it ties
into access. [S4]

As one stakeholder stated:

It’s an online course and we very specifically reached
out to people who were living in Northern Ontario.
[S6]

One interviewee spoke about the lack of accessibility of care
resources in the North from personal experience:

...because of my northern roots and because I’m
working up in education in the north, I knew that
there’s a tremendous need for this kind of education.
[S4]

Web-based delivery ensured that even informal caregivers in
remote regions of the province had equal access to the course.
One participant specifically praised the project leadership for
targeting recruitment efforts to Northern communities in
Ontario:

I thought that was excellent because you’re reaching
the people that are—there’s a whole bunch of need
obviously ... They’re really isolated it feels. [F10]

Another strength identified under accessibility was the
user-friendliness of the course. One participant commented:

I was very impressed about how the course was set
up, how easy it was to access, and how easy it was to
maneuver through all the areas. [W1]

Another remarked:

The navigation through the learning or training was
straight forward, well labeled, the links all worked,
everything was functional and very easy to use. [W12]

The feedback from the nursing students involved in the course
reflected participants’ comments:

The course is very easy to navigate ... it was really
well organized. [NS4]

One caregiver who initially experienced difficulties explained
that the navigation became easier over time:

It took me a bit the first module to find out how to get
to the next, but once I did that, it was okay. [W5]

Therefore, it seems that both access to the web-based course
itself as well as ease of accessing information within the course
were 2 highlights of the user experience.

The discussion boards were another well-accepted element of
web-based delivery, as reported by numerous participants. Many
believed that the opportunity to connect with other participants
was an important part of the course:

There was a common camaraderie. It was nice ... that
you do have that option to connect. [W4]

One caregiver described discussing shared experiences as “really
comforting in a lot of ways” (F12).

For the less experienced caregivers who did not contribute to
the discussion boards, some still found the posts to be “kind of
refreshing to get the perspective that there’s lots of people out
there dealing with this” (F11).

Newer caregivers were able to read posts from more experienced
caregivers and consequently felt more prepared:

It’s more hearing what other people have to say and
seeing what I have to look forward to ... or not look
forward to. [W5]

The benefits of the discussion boards were also realized by
stakeholders and nursing students:

The idea that people could talk to each other, get to
know each other, share stories with each other. [S6]

Another interviewee made the following observation about the
discussion board activity:

People were using it to either commiserate or to
justify some of the decisions they are making as
caregivers themselves. [S3]

Likewise, they were described as “[r]eally important for the
caregivers to feel that they were supported in their role, and
kind of feeling that they weren’t alone” (NS3). Another focus
group member said they were “essential to the course in order
to relate with other caregivers” (NS2).

Aligning with the caregivers’ feedback, one nursing student
described the sharing of experiences as creating “a sense of
camaraderie” (NS4), whereas another referred to it as a
“community with peer support” (NS5).

In addition, one student noted:

The discussion board gets interaction going ...
different caregivers answer back ... help each other
out. [NS1]

Even among the caregivers who did not use the discussion
boards, some still saw value in incorporating social interaction
for others:

I never get involved with that kind of thing, but I think
that’s great ... You don’t want to feel like, “Am I the
only one going through this?” [W7]

As mentioned in some of the caregiver interviews, part of the
reason for lower participation in the discussion boards was
simply personal preference or prioritizing learning from the
modules over making new connections with others.
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In terms of web-based delivery aspects that participants liked
and would keep the same, 8 participants mentioned the
postmodule quizzes, and 8 participants mentioned the web-based
support relating to course information, information technology
troubleshooting, and general questions. Regarding the self-check
quizzes after each module, one nursing student expressed:

I really liked that it tested your knowledge. [NS2]

Another student commented:

I think that the modules are already quite interactive
when testing your knowledge. [NS4]

During the focus group, the nursing students also described the
value in caregivers having the option to reach out to them for
help with the course:

I know the email was good too. They could directly
contact us if they were having issues with IT, or if
they had ... more sensitive issues that they wanted to
discuss. [NS2]

Thus, the more interactive elements of the course seemed to
enhance the participants’ overall experience. This qualitative
feedback corresponds with the postcourse survey results, as
shown in Table 3. Most respondents agreed (26/35, 74%) or
somewhat agreed (6/35, 17%) to survey statement number 5 (“I
am satisfied with the level of interaction in this course.”).

Furthermore, the variety of resources used to deliver information
was also identified as a positive factor:

I hadn’t encountered such a comprehensive collection
of resources. Also, in terms of types of resources—so
videos, documents, templates. [F12]

Likewise, someone else highlighted this as a strength:

I liked the fact that there was a variety of different
ways to get the information. You had the odd case
study, you had a link to another website, ...
downloadable files. [W12]

One stakeholder also referenced this strong point:

The other thing that I think was really good about
this project was that it brought a whole lot of different
resources together in one place. [S6]

Barriers to Web-Based Delivery
Although many participants from all 3 groups cited accessibility
as a major strength of web-based delivery, there were some who
identified limitations with the navigation:

When I was going into a video or something, it would
go into the video and then it was hard for me to go
back. [W10]

A different participant described a similar situation:

Certain links take you to other places and navigating
to get back to the original place ... was a little bit
challenging. [W4]

Another caregiver also shared about some trouble with
web-based functionality:

I had difficulty navigating out of the discussion board
... I would always end back at the home screen and
then have to go back into the module. [F2]

Someone else mentioned:

I’m pretty savvy with computers so it wasn’t so much
that I didn’t know how to access it. I just found it a
little bit clumsy with the windows and having to scroll
down. [F4]

One of the older caregiver participants remarked:

I didn’t try because I couldn’t figure out how to make
it work. [F5]

Older participants and/or those living in Northern areas face
their own barriers to accessibility, as noted by one participant:

It’s unfortunate being online, there’s so many people
in the community who don’t have internet or don’t
have access to internet ... in Northern Ontario. [F13]

One interviewee commented:

I have a computer, [but] a lot of people do not in my
age bracket. [F4]

Even when participants had access to a computer and the
internet, a lack of comfort with using technology and web-based
platforms proved to be another barrier to participation:

I am 75 ... Not everybody this age is limited in their
computer experience, but unfortunately, I am one of
them that is. [F5]

Comparably, another person declared:

I’m 70, so I’m not as computer literate ... so things
are a little more difficult for me. [W5]

This limitation was also highlighted by one of the nursing
students in the focus group:

Depending on how old the caregiver is, they may not
be “technology acceptable,” or able in a way. [NS5]

One of the students even said that they found that “the site isn’t
the most intuitive” (NS4), which could make accessibility more
of a challenge for certain participants, especially older ones.

Another barrier to participation in the web-based course was
the lack of peer engagement experienced by some users. Certain
individuals felt the discussion boards were lacking interaction
between caregivers:

There weren’t many people at all engaged in sharing
information, which is a shame because I think we’re
all on the same journey. [W9]

Someone else expressed the desire for lengthier conversations:

I would’ve liked to see a back and forth more with
what people were saying ... I would’ve liked to have
had more discussion on what other people’s opinions
were. [W10]

A caregiver described how a sense of community was not there
for them:

One of the reasons I’d join the course was to perhaps
be part of the community, be part of the tribe, dealing
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with the same issues. I just didn’t find that. People
that perhaps did log in weren’t consistent in logging
in. Or people that had very similar issues to what I
was going through, I couldn’t find them again on
various chat boards. [W11]

Another caregiver cited the self-paced nature of the course as
being problematic in this way as well:

I went through it faster than what was recommended
... so because of that, there was nothing in the online
chat because other people hadn’t gotten there yet.
[W5]

One reason for the lack of discussion board participation was
the concerns with sharing private information on the web:

I wasn’t ready to share on the internet. [F5]

Another respondent reiterated this worry:

I wasn’t comfortable using my personal experience
in an online public discussion. [W8]

These comments were also reflected in the postcourse survey
results, as shown in Table 3. Statement number 2 (“I am
comfortable sharing my ideas in written format online.”) and
number 3 (“I am confident using and contributing to an online
discussion group when I need help or information.”) had the
lowest participant agreement levels (14/35, 40% and 15/35,
43%, respectively).

Suggestions to Improve Web-Based Delivery
Recommendations for improving engagement between
participants included adding a discussion thread where
caregivers could share resources (F3), creating small
participation groups based on geographic location (W12), and
using a telecommunication for live discussions (F3, F4, F7, F11,
W3, and W9). Some people specifically referred to integrating
videoconferencing and emphasized the significance of
face-to-face interactions. However, as some participants had
expressed security concerns, one caregiver’s idea could be used
as a potential solution:

My name was on the post. Is there a way to make it
anonymous or change your identity when
commenting? My concern was anonymity for myself
and for my family members. [W11]

Not using full names or even using pseudonyms or usernames
could also be applied to a video call feature as a way to maintain
some aspect of privacy.

Some improvements for the discussion boards, as suggested by
the project stakeholders, were using caregivers as moderators
to offer more of a “peer-to-peer experience” (S1) and creating
smaller discussion groups to “connect [those] who were living
in the same areas” (S6).

Other ideas to enhance participant interaction were using
additional communication methods, such as a web conference
(S1) or audio-video chats (S4). One interviewee remarked that
when “you can see someone’s face, and who they are, it makes
a big difference” (S2).

Another recommended upgrade for web-based delivery was to
organize the content so that more information is presented
broadly via modules and so that each module contains more
specific information through a series of different subsections
(F1, F14, and W11). This structure would streamline content
better and make it easier for caregivers to find what they are
looking for. Some participants said that there was too much text
to read (F3, F5, W4, and W10), and it was suggested to either
add a feature that reads the text or include more video clips into
the modules (F3). Other proposed enhancements were to offer
a download option for the material (W11) and to include short
testimonies from informal caregivers and/or older adults (W6).

The last theme that arose was the opportunity for future growth.
A couple of caregiver participants recommended that the course
should be opened to a broader and larger audience, such as other
types of caregivers, caregivers living in other provinces, and
other care workers (F10, W1, and W4). The web-based delivery
of Caregiving Essentials would certainly enable scalability to
the national level because geographical barriers are reduced.
Course expansion was also brought up in several stakeholder
interviews:

In terms of how the course is actually designed, it
certainly could handle a larger audience. [S6]

A total of 2 factors that would need to be addressed while
scaling up the course would be ensuring that the information
and resources in the modules are kept updated (S3 and S6) and
remain region-specific (S2 and S6).

Discussion

Principal Findings
Many of the strengths and areas of improvement identified by
the caregiver participants aligned with the feedback from the
project stakeholders and nursing students. The web-based
delivery of the Caregiving Essentials course enabled course
accessibility for most of the informal caregivers who participated
in the study. Stakeholders were aware of informal caregivers’
busy and often unpredictable schedules, so the course was
designed to be flexible, which participants valued a great deal.
The self-paced, independent nature of the course was made
possible by web-based, stand-alone modules. Participants liked
the fact that they could access the course from home, work, or
school whenever they had free time. Some also found it helpful
that they could pick and choose which information they wanted
to focus on and could even go back to the review material if
needed. This flexibility was highlighted as a benefit by the
stakeholders and nursing students.

The reported strengths from the project evaluation align with
the findings from the existing literature. In the evaluation of the
Connect, Assess, Respond, Evaluate, and Share (CARES)
Dementia Basics Program for caregivers by Pleasant et al [13],
convenience, portability, and customizable learning speed are
cited as advantages of web-based learning programs. Moreover,
accessibility was identified as one of the main benefits of the
web-based modality for an individual psychoeducational stress
management training program offered on the web to family
caregivers [14]. In addition, the convenience and suitability of
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asynchrony and the ability to personalize use were noted as
favorable features of internet-based social support networks by
caregivers of older adults [15].

Only 1 participant thought that the web-based delivery
specifically hindered their course experience, which was due
to their lack of experience with computers and technology.
Others also shared some experiences of having difficulty
navigating through certain areas of the course. Although several
participants described the course as easily accessible,
user-friendly, and straightforward, a few referred to sections of
the course as being clumsy or sporadic. This variation in
feedback may be caused by individual factors, such as
familiarity with web-based courses or generational differences
in the use of technology. The disparity in positive and negative
responses can also be due to areas of the course that need to be
improved to better suit the diverse needs of various users.

The discussion boards were another major strength identified
by the stakeholders, nursing students, and participants, as they
made the course more engaging. The course designers created
discussion board topics that coincided with the module topics
to encourage participant activity. The main goal of web-based
communication was to increase interaction among users and to
combat social isolation. Many participants reported a sense of
community and camaraderie. The nursing students who
moderated the discussion boards confirmed the positive
connection that was building when they spoke about participants
sharing stories and giving each other advice.

Connecting with other caregivers was also a strength observed
in other studies. In a systematic review of web-based
interventions for caregivers by Parra-Vidales et al [18], they
found that allowing participants to have a direct web-based
contact with other caregivers contributed to the effectiveness
of the interventions. In the study by Barbabella et al [20] on a
web-based psychosocial intervention for family caregivers of
older people, findings revealed positive effects on social
inclusion and support from the interactive services that enabled
communication among participants. In the study by Godwin et
al [21], all studies involving technology-driven interventions
for caregivers that were reviewed had some positive findings,
and each had an information and social support component.

Not all participants found the discussion boards to be beneficial.
The postcourse survey results provided in Table 3 show that
around half of the respondents were not confident in sharing
their ideas in a written format on the web. This correlated with
the participants who had privacy concerns and did not wish to
share personal information on the web. Some participants found
the discussion boards to be challenging to navigate, others
prioritized exploring the module content, and a few accessed
the discussion boards when there was little interaction. These
experiences have been found elsewhere among caregivers of
older adults. In the study by Colvin et al [15] on exploring
computer-mediated communication, the complaints that arose
included concerns around anonymity, a lack of adequate
response, and a lack of privacy or confidentiality.

Other interactive features, such as the postmodule quizzes, the
downloadable Caregiver Action Plan, and email support, were
also said to enhance the overall experience of taking Caregiving

Essentials. The positive feedback for these course components
corresponds with the elements identified among other web-based
interventions that have been shown to be effective in previous
work. Boots et al [16] found that multicomponent internet
interventions that combined tailored information with
interactions among caregivers were the most promising for
improvements. Similarly, in the systematic review of
internet-based interventions for caregivers of older adults by
Guay et al [17], a combination of interactive web-based
activities and the provision of human support are 2 components
that have been shown to contribute to intervention efficacy.

A couple of participants mentioned that they liked the various
ways in which information was presented, although numerous
people suggested that even more multimedia types should be
added to the modules to help reduce the amount of onscreen
text. Increasing the level of engagement was another
recommendation made by the stakeholders, nursing students,
and participants. Specific improvements that were suggested
included adding web conference presentations, smaller group
chats, and live video calling. Telecommunication applications
such as Google Hangout and Skype were brought up, as many
people emphasized the importance of face-to-face connections.
This is consistent with the findings from the literature. In a
qualitative study by Ploeg [28] on a web-based transition toolkit,
My Tools 4 Care, participants suggested that adding a feature
to enable caregivers to connect with one another (in real time
or asynchronously) to share information, experiences, and
caregiving strategies would be helpful. Furthermore, in
comparing 2 internet-based intervention programs, Marziali
and Garcia [10] found that the videoconferencing intervention
program was deemed more useful in improving caregivers’
mental health status than the chat-based intervention. This is
useful considering that the discussion boards within Caregiver
Essentials were intended to reduce social isolation.

Another important theme was geography and the role it played
throughout the project from the recruitment process to the data
collection stage. Some of the participants were specifically
recruited from Sudbury and Timmins in Northern Ontario, where
there is a lack of resources and accessibility barriers for the ones
that do exist. Therefore, the participants’ ability to access the
course and their insights from the interviews about web-based
delivery were especially appreciated because they represent an
underserved subgroup among informal caregivers. Stakeholders
belonging to the project leadership team were knowledgeable
about service access limitations in Northern Ontario. Therefore,
the web-based delivery of the course reduced spatial barriers
and allowed for equal participation from caregivers, regardless
of where they were located. The accessibility of the intervention
to remote regions was also emphasized by Marziali and Donahue
[22] in the pilot feasibility study on Caring for Others, an
internet group intervention for family caregivers of older adults.

This is a key factor to recognize, especially if the project were
to expand to other geographic areas. Using some of the domains
of the nonadoption, abandonment, scale-up, spread, and
sustainability framework, there are some characteristics of
Caregiving Essentials that show promising results in terms of
evaluating the potential for future effectiveness and success
[29]. For the technology domain, the intervention lies
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somewhere between the simple and complicated categorization
because some participants did not need a set of instructions to
access and navigate the course, whereas others did make use of
the detailed instruction and helpdesk support. For the value
proposition domain, the technology is desirable for its intended
users, safe, and cost-effective; therefore, it would lean more
toward being labeled a simple innovation. For the last domain
of the framework, there is a strong scope for adapting and
embedding the technology as local need or context changes.

Limitations
A limitation of the evaluation was the recruitment strategies
used to recruit participants. Only caregivers who had finished
most of the module content were contacted for an interview.
Therefore, if participants stopped partway through, they were
never given the opportunity to provide in-depth feedback
pertaining to the web-based delivery of the course. The topic
of evaluation is one in which participants would likely still be
able to provide feedback on if they had completed at least one
module and had explored other features of the course. Thus, it
is possible that participants who qualified to be involved in the
evaluation (ie, finishing most of the module content) were more
likely to offer certain types of responses. This means that the
participant interview data may not accurately represent the
perspectives of everyone who took the course.

Furthermore, the voluntary aspect of the project’s evaluation is
another potential factor that may reduce the generalizability of
the participant interview findings. Again, individuals who agreed
to provide feedback may be more likely to hold extreme
opinions, whether positive or negative. Moreover, as the
evaluation was not mandatory, the number of participants who
completed each step decreased throughout the duration of the
project. If participation in the Caregiving Essentials course was
tied to participants’commitment to provide evaluative feedback,

then there may not have been such a loss in numbers between
the pre- and postcourse surveys.

Conclusions
In conclusion, this evaluation of web-based delivery of the
Caregiving Essential course demonstrated acceptability and
usability for many of the participants. A diverse range of
accessibility topics and the ways in which they enabled
participation in the course were discussed in the stakeholder
and participant interviews and the student focus group.
Suggestions to further develop the existing interactive features
of the intervention were made, as well as recommendations to
incorporate additional methods of engagement via technological
opportunities were provided. Although there were some barriers
to participation due to web-based delivery, most respondents
were able to overcome them and still benefit from the course.
Web-based delivery of the knowledge intervention had many
advantages and positively impacted informal caregivers’
experiences in taking the course. The proposed areas of
improvement offered feasible changes, and several changes
were implemented for future course offerings following the
evaluation.

Further use or investigation is warranted to evaluate the
effectiveness of web-based delivery for this course and other
existing and emerging web-based interventions for informal
caregivers of older adults. This population experiences a great
need for credible, relevant, and up-to-date information and
resources. It is key that the web-based modalities of
interventions for caregivers enhance accessibility and enable
meaningful human interactions. The findings from this
evaluation can support the creation and improvement of the
current and new interventions. It can also be applied to
innovations related to other populations that provide care to
older adults.
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Abstract

Background: Falls in older people commonly occur at home. Home assessment and modification (HAM) interventions can be
effective in reducing falls; however, there are some concerns over the validity of evaluation findings. Routinely collected data
could improve the quality of HAM evaluations and strengthen their evidence base.

Objective: The aim of this study is to conduct a systematic review of the evidence of the use of routinely collected data in the
evaluations of HAM interventions.

Methods: We searched the following databases from inception until January 31, 2020: PubMed, Ovid, CINAHL, OpenGrey,
CENTRAL, LILACS, and Web of Knowledge. Eligible studies were those evaluating HAMs designed to reduce falls involving
participants aged 60 years or more. We included study protocols and full reports. Bias was assessed using the Risk Of Bias In
Non-Randomized Studies of Interventions (ROBINS-I) tool.

Results: A total of 7 eligible studies were identified in 8 papers. Government organizations provided the majority of data across
studies, with health care providers and third-sector organizations also providing data. Studies used a range of demographic, clinical
and health, and administrative data. The purpose of using routinely collected data spanned recruiting and creating a sample,
stratification, generating independent variables or covariates, and measuring key study-related outcomes. Nonhome-based
modification interventions (eg, in nursing homes) using routinely collected data were not included in this study. We included two
protocols, which meant that the results of those studies were not available. MeSH headings were excluded from the PubMed
search because of a reduction in specificity. This means that some studies that met the inclusion criteria may not have been
identified.

Conclusions: Routine data can be used successfully in many aspects of HAM evaluations and can reduce biases and improve
other important design considerations. However, the use of these data in these studies is currently not widespread. There are a
number of governance barriers to be overcome to allow these types of linkage and to ensure that the use of routinely collected
data in evaluations of HAM interventions is exploited to its full potential.

(JMIR Aging 2021;4(2):e24728)   doi:10.2196/24728
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Introduction

Background
Falls in older people are a major public health concern. In the
United Kingdom, approximately 1 in 3 adults aged 65 years or
more experience at least one fall a year, which can lead to
serious injury, even death. Falls are the most common cause of
death in this age group [1]. This situation is similar worldwide,
where around 28%-35% of people in this age group fall every
year; this increases to 32%-42% in those aged 70 years or more
[2]. The effects of falls on a person can be devastating, not only
physically but can result in a fear of falling in the future and a
loss of confidence and independence and can have a significant
impact on family, friends, and caregivers [3,4]. Annual National
Health Service (NHS) expenditure on injurious falls is in excess
of UK £2 billion (US $2.5 billion) [5]; in the United States, this
figure amounted to US $50 billion in 2015 [6]. Health care costs
per fall for older people in Finland and Australia are US $3611
and US $1049, respectively [2]. Furthermore, the costs of
hospital, community, and social care continue to significantly
accrue 12 months after a fall [1]. One of the main risk factors
for falls is increasing age; the incidence of falls begins to rise
beyond the age of 65 years [7]. Given that there is an additional
8.2 million people aged 65 years and more projected for the
United Kingdom in 2050 [8], preventative measures for falls in
this age group will be key to reducing costs [5].

International evidence suggests that falls in older people
commonly occur at home (around 35% of people more than 65
years of age) [2,7,8], and these are associated with higher
morbidity, earlier mortality, and health inequalities [5-9].
Hazards in the home are associated with injury, and by using
risk assessments, home assessment and modification (HAM)
interventions identify potential environmental hazards present
in the home [10]. Measures are then agreed to reduce these,
such as the removal of bath mats or inclusion of handrails on
stairs [4]. A Cochrane review by Gillespie et al [11] found that
HAM interventions were effective in reducing both the rate of
falls and the risk of falling in older people. After gathering
evidence on effectiveness, the National Institute for Health and
Care Excellence [5] have recommended that all older people
living in the community at an increased risk of falls should be
considered for these interventions.

Issues surrounding the evaluation of these HAM interventions
could call into question the validity of their findings. Past
criticism of these trials has been over a lack of an adequate
control group and rigorous design, that they are underpowered,
and that follow-up times have been found to be lacking [12,13].
Most HAM trials included in the review by Gillespie et al [11]
had follow-up times of 1 year or less; therefore, it is unclear
whether the effects of these interventions could be sustained
beyond this [11-13]. Trials often exclude participants with
comorbid conditions, particularly cognitive impairment [14,15];
however, cognitive impairment is a risk factor for falls in older
people [16]. This can threaten the generalizability of a trial’s

findings. The research burden of extensive study assessments
is a particular concern for this participant group and can cause
study attrition [17]. Conversely, minimizing the amount of data
collection to reduce this burden could limit the usefulness of a
trial. Furthermore, different variables are needed to stratify
participant groups and to control for confounders (eg, past falls,
polypharmacy, and socioeconomic status) to determine for
whom the intervention works best and why [18,19]. Finally,
recall bias could cause errors in self-report data and skew
evaluation results [20].

It has been suggested that the use of routinely collected data in
aging-related research has the potential to improve research
quality and efficiency. These large-scale data sources allow for
larger sample sizes and, therefore, the possibility for stratifying
the sample with respect to key covariates and allow for longer
follow-up times and reduced study attrition, especially given
the age profile of the target population. In addition, these data
help build an understanding of fall patterns and of individual
treatment pathways [21]. Data collected routinely from health
and social care interactions are increasingly being used in
research; electronic health records (EHRs) are a prime example
of this. Such data can be highly useful in health research; its
nonuse may even cause harm [22]. The use of routine data in
HAM intervention evaluations may be particularly useful, as it
could help address the many challenges identified above
regarding participant characteristics and trial conduct. To date,
we conducted a systematic review to investigate the use of
routinely collected data in HAM intervention evaluations.

Objectives
Our objective is to conduct a systematic review to identify
research studies using routinely collected administrative and
EHR data to evaluate HAM interventions whose primary
purpose is to reduce falls in older people. Given the
aforementioned problems with prospectively collected data,
namely, (1) lack of adequate control group, (2) short follow-up
times, (3) lack of diversity in participants leading to a lack of
generalizability of results, (4) research burden on participants
because of extensive data collection, (5) study attrition
(especially because of point 4), (6) lack of rich data (especially
at baseline that would allow stratification of participant groups),
and (7) recall bias, our rationale for undertaking this study was
to understand the extent of routine data use in this field as an
alternative. We aim to summarize the types of routinely
collected data and their sources and to identify the questions
that these data can answer. We also investigated the different
methods and approaches of using these data. Finally, we sought
to highlight the benefits and limitations of using these data,
compared with other data types, in the evaluation of HAM
interventions.
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Methods

Search Strategy
Review methods followed the University of York Centre for
Reviews and Dissemination [23] guidance, and reporting
followed the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-analyses) [24] guidelines where relevant
(PRISMA checklist, Multimedia Appendix 1 [24]. To identify
relevant studies, we searched the following databases from

inception until January 31, 2020: PubMed, Ovid, CINAHL,
OpenGrey, CENTRAL, LILACS, and Web of Knowledge. We
used the keywords developed for a previous study designed to
capture all types of routine data [25] and keywords to represent
falls, older people, and the home. Figure 1 shows the search
strategy used for PubMed, which was adapted for use with each
database. Limits were abstract only. In addition, we searched
the reference lists of potentially relevant papers and systematic
reviews.

Figure 1. Search strategy for PubMed.

Inclusion and Exclusion Criteria
We included primary research reporting HAM intervention
evaluations that used routinely collected data, defined as data
collected as a matter of course and not specifically for research
[26]. We defined HAM as an assessment by a professional to
identify environmental hazards and their removal or reduction
by modifications to the home. The aim of these interventions
must have been to reduce falls among older people living at
home in the community. Studies including participants aged
less than 60 years were excluded to ensure that these
interventions were specifically targeted to the older population.
Any control group was eligible because the effects of the
intervention were not reviewed here. Potentially eligible studies
included clinical effectiveness, cost-effectiveness, or process
evaluations and could be of any study design. We included
original research and study protocols (if a description of the full
study was not yet published) from peer-reviewed journals,
conference proceedings, clinical guidelines, and policy
documents. Papers not written in the English language were
included if an English translation of the abstract was available.

Screening and Data Extraction
One reviewer screened the titles and abstracts of the papers
identified by the search using the aforementioned criteria.
Full-text papers were retrieved if deemed potentially eligible
and assessed by two independent reviewers. A third reviewer
was able to resolve any disagreements. We used a piloted and
standardized data extraction form and contacted the study
authors for additional information where needed.

Risk of Bias
We assessed the risk of bias using the Risk Of Bias In
Non-Randomized Studies of Interventions (ROBINS-I) tool
[27]. The Cochrane Methods Bias Group [28] recommends this
tool for use in systematic reviews that include nonrandomized
controlled studies, and this tool allowed us to assess bias

consistently across all our included studies, regardless of their
study design. The tool covers seven domains that correspond
to the risk of bias that can arise from different aspects of a study.
For each domain, there are a number of questions to answer that
will indicate whether this risk is low, moderate, serious, or
critical or that there is not enough information to make a
judgment. From these, following the tool’s guidance, an overall
judgment about the risk of bias can then be reached. We
identified studies’ main sources of bias in these domains, while
focusing on the number or rate of falls as the main outcome of
interest. We also looked for any other potential sources of bias
or study design issues, paying particular attention to bias arising
from the types of data used.

Data Synthesis and Organization
Given the heterogeneity between studies’ interventions,
participants, and other factors, a meta-analysis was not
appropriate. Instead, we summarized the findings using narrative
synthesis organized into 3 broad areas:

1. The source of routine data, aligned with the 3 main sources
of routinely collected data used in health research (health
care providers, government agencies, and nongovernmental
and third-sector organizations)

2. The type of routine data, including demographic data
relating to the characteristics of a person and where they
live, clinical and health data generated by a clinical
encounter or relating to a person’s health or health care,
and administrative data gathered during the running of
organizations (eg, registering people, for record-keeping,
or when delivering a service)

3. The purpose of routine data, with 4 main categories:
recruitment of participants and creation of study sample;
stratification of the sample, a technique used to ensure that
there is equal representation of a particular characteristic
(eg, sex) or to enable subgroup analyses; generation of
predictor variables and other covariates to measure effect
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on evaluation outcomes; and generation of outcome
measures used to evaluate the effectiveness of the HAM
interventions [29].

Results

Overview
After removing duplicates, we identified 867 papers in
total—866 abstracts using electronic databases and 1 additional

paper from the reference lists of the included studies. A total of
128 papers were identified as potentially eligible, and full-text
papers were retrieved. Eight papers reporting 7 different studies
met the inclusion criteria and were included in this study. All
the studies were written in English. Two were protocol papers
[18,30], and the remainder were reports of evaluations. Figure
2 summarizes the flow of studies in a PRISMA diagram [31].

Figure 2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) flow diagram.

Multimedia Appendix 2 [14,18,30,32-36] summarizes the details
of the studies included in this review. Each of these studies
evaluated HAM interventions, either for effectiveness or for
cost-effectiveness, and consisted of home assessment by an
occupational therapist or other trained personnel in addition to
the removal or adaption of potential hazards. Of the 7 papers,
5 used randomized controlled trial designs, whereas the studies
by Hollinghurst et al [18], de Almeida Mello et al [32], and
Maggi et al [33] used a longitudinal quasi-experimental design.
The research was located in the following countries: Australia
[14,34], Belgium [32,33], the United Kingdom [18]), New
Zealand [35,36], and the United States [30].

Sources of Routine Data
The sources of routine data across all studies are summarized
in Multimedia Appendix 2 For data sources hosting multiple
databases, this table notes the original sources of each of these
databases.

Health Care Providers
Two studies in this study used data from health care providers:
in New Zealand—the University of Auckland optometry clinic,
a private ophthalmology practice, and Dunedin and Auckland
hospital [35], and in Australia—the Royal Prince Alfred
Teaching and Research Hospital, Sydney [34]. The use of these
data was approved by the Otago and Auckland ethics committees
[35] and the Ethics Review Committee of the Central Sydney
Area Health Service [34,37].

Government Agencies
Pega et al [36] used routine data obtained from the New Zealand
Government’s Integrated Data Infrastructure (IDI) database
[38]. This is a large database containing data on people and
households in New Zealand, including data on education,
income, benefits, migration, justice, and health. Many data sets
within the IDI can be electronically linked using identifiable
data—first and last name, date of birth, age, sex, and country
of birth, which are then removed or encrypted before their use

JMIR Aging 2021 | vol. 4 | iss. 2 |e24728 | p.71https://aging.jmir.org/2021/2/e24728
(page number not for citation purposes)

Daniels et alJMIR AGING

XSL•FO
RenderX

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


in research. The IDI follows strict governance procedures to
ensure privacy and confidentially, including the use of a virtual
platform to provide researchers access to data. Before accessing
data, researchers must undertake a two-stage application process
that costs US $500 plus tax (there is no charge for government
organizations) [36,38].

The study reported by Maggi et al [33] and de Almeida Mello
et al [32] sourced their routinely collected data from the Belgian
Government’s InterMutualist Agency (IMA). This organization
collects data on patients from Belgium’s 7 mutualities (health
insurance associations) and prepares them for analysis [39].
Health insurance is mandatory in Belgium; therefore, it includes
data on all legal residents (11 million citizens) [40]. The three
main IMA databases include a population database of
sociodemographic data, a health care database about health care
utilization and cost data of ambulatory and hospital care, and a
pharmaceutical database of medication prescription and cost
data. These can be linked using multiple encrypted social
security numbers [40]. Research use of person-level,
pseudonomized health data requires an internal application and
approval by the Information Security Committee and the
supervision of a doctor, and access is provided via a virtual
environment. This comes at a flat rate of €4660 or more if an
analyst or medical expert is needed [39].

Day et al [14] used two official sources of data collected by the
Australian Government. The electoral roll is managed by the
Australian Electoral Commission [41] and under the
Commonwealth Electoral Act 1918, which can be provided to
approved medical researchers. The Australian Bureau of
Statistics [42], a governmental organization that provides
microdata to researchers and academics, curates the Australian
national census and health survey. Recently, this organization
has established DataLab, which is a web environment that gives
users their own virtual workspace to access data where outputs
can be vetted for disclosure risk. Access is given to accredited
researchers only (the application process is outlined in detail
[43]).

The St. Louis Area Agency on Aging (SLAAA) is a government
organization that provides services and support for older people,
including the HAM interventions evaluated by the Stark et al
[30] study included in this paper [44]. The SLAAA collects
data via the National Aging Program Information System
database on the general health, nutritional, financial, functional,
and environmental status of older adults in the area, and Stark
et al [30] used these data as part of their study.

Nongovernmental or Third-Sector Organizations
Hollinghurst et al [18] used routinely collected data from the
Secure Anonymized Information Linkage (SAIL) Databank
[45]. SAIL is a data safe haven that houses many deidentified
data sources predominantly about the Welsh population,
including data from the NHS and the Welsh Government. Data
sources in SAIL can be linked using twice-encrypted
Anonymous Linking Fields based on a person’s NHS number
or Residential Anonymous Linking Field for a place of residence
derived from Unique Property Reference Numbers [46,47].
Technical and procedural controls such as an external
Information Governance Review Panel (IGRP) and scrutiny of

results by a SAIL Data Guardian mitigate the risk of disclosure.
There is no charge for the data, except for support and
infrastructure costs, such as data preparation and the use of
computing [45,48]. Hollinghurst et al [18] accessed each of
their data sources via the SAIL Databank.

Care and Repair Cymru [49] is a registered charity in the United
Kingdom that provides HAM interventions to older people.
They supplied Hollinghurst et al [18] study with data from their
national registry, outlining information on their interventions
and clients. Campbell et al [35] used data from the charity
register of the Royal New Zealand Foundation for the Blind—a
register of people who are living with vision loss in New
Zealand.

Types of Routine Data

Demographic Data
The most commonly used demographic data used by studies
were age, date of birth, sex, and address or area of residence.
Examples of the latter are lower layer super output areas
(LSOAs), used in the study by Hollinghurst et al [18], which
are small geographical areas consisting of 1000 to 1500 people
in the United Kingdom. These data formed part of the Welsh
Demographic Service Data Set, an NHS data source available
in SAIL Databank [45] that gives the demographic
characteristics of people registered with General Practitioner
practices in Wales [18,50].

In addition to the main demographic data given earlier, Pega et
al [36] obtained information on participants’ ethnicity and
residential status from a database held by the New Zealand IDI
database—the 2013 New Zealand Census of Population and
Dwellings [38]. From the Australian national census and health
survey, Day et al [14] extracted data on marital status, ethnicity,
and type of residence (eg, own home or residential care). De
Almeida Mello et al [32] and Maggi et al [33] used data on their
participants’ financial situation and their cohabitants from the
IMA’s database on reimbursed health care in Belgium.

Clinical and Health Data
Hollinghurst et al [18] used primary care data on patients’
symptoms, signs, diseases, disabilities, and abnormal laboratory
values from the Welsh Longitudinal General Practice data in
the SAIL Databank [45]. Most of these variables were in Read
code format (Read version 2)—standardized clinical codes used
by health professionals in the NHS to record patient data
electronically [51]. Maggi et al [33] and de Almeida Mello et
al [32] used primary care data from the Belgian IMA [39]
database on medication use and information on the presence of
a caregiver and the level of nursing care received by their
participants.

Pega et al [36] accessed two other New Zealand IDI data sources
to retrieve secondary care data from hospital events: the Ministry
of Health’s New Zealand Health Tracker [52], which links data
from primary and secondary care pertaining to publicly funded
health events, and the Accident Compensation Corporation
claims register, which contains information on all people to
whom they have provided compensation for a nonfault accident.
These data included the date of hospital admission, discharge,
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and type of admission, as indicated by the International
Classification of Disease, version 10 (ICD-10) coding. ICD-10
is an international classification system for diseases, causes of
injury, signs and symptoms, and social circumstances [53].
Campbell et al [35], Hollinghurst et al [18], and Salkeld et al
[34] used similar data. ICD-10 codes were also used by studies
to ascertain the cause of a participant’s death (if relevant) along
with the date the death occurred; these data were extracted from
the Belgian IMA database (de Almeida Mello et al [32] and
Maggi et al [33]), and from the Welsh Annual District Death
Extract, a government-curated register of all deaths relating to
residents of Wales [18,53].

Administrative Data
Day et al [14] used self-report administrative data regarding the
health status of the Australian population and their consumption
of antidepressant and hypnotic medication collected as part of
the Australian census and health survey. From the US St. Louis
Area Agency on Aging NAPIS database, Stark et al [30] used
self-report data about participants’ previous falls and fear of
falling. This government organization keeps a record of this
information to help tailor their services to older people [44].
From data generated as part of their service provision in Wales,
Care and Repair Cymru provided Hollinghurst et al [18] with
information on HAM intervention types (eg, advice visit and
stair rail) and their installation date.

Salkeld et al [34] included costs of hospital events in their study,
recorded using Australian diagnosis-related groups. This
Australian classification system is related to the number and
types of patients treated in a hospital. Currently known as
Australian refined diagnosis-related groups, each group has a
cost attached and is used for hospital economic analyses [54].
Health Resource Group codes are the UK equivalent of these
and were used by Hollinghurst et al [18] from a secondary care
data set called the Patient Episode Database for Wales. Maggi
et al [33] and de Almeida Mello et al [32] also used resource
utilization costs from the Belgian IMA database [39].

Every 4 to 5 years, the Welsh Government [55] calculates the
Welsh Index of Multiple Deprivation from routine data,
including income, employment, health, and education. Welsh
Index of Multiple Deprivation ranks small areas in Wales
(LSOAs) according to their level of deprivation (1-1909).
Hollinghurst et al [18] used deprivation quintiles, which
allocated deprivation rankings to each LSOA ranging from
quintile 1 to quintile 5, where quintile 1 indicates the areas of
highest deprivation. The Care Inspectorate Wales Care Home
registry provided the addresses of all care settings in Wales who
provide care services to the public [56]. Both these data sources
were accessed via the SAIL Databank but are also publicly
available online.

Purpose of Routine Data

Recruitment of Participants or Creation of Study Sample
All but one of the studies included in this review used routine
data to create study samples. Instead, Salkeld et al [34] recruited
participants who were attending outpatient clinics and day
centers for older people or were inpatients at a hospital.

Demographic and clinical information in routinely collected
data allowed researchers to target their recruitment drive at
participants according to their inclusion and exclusion criteria.
Day et al [14] sent letters and made phone calls to 11,120 people
aged over 70 years registered on the Australian electoral roll to
recruit individuals who owned their own homes. Subsequently,
researchers in this study used the Australian census and health
survey to compare how their sample differed from the general
population in terms of age, ethnicity, marital status, and health
status [14]. Stark et al [30] formed their sample using SLAAA’s
NAPIS database to identify individuals at high risk of falling
(aged more than 65 years and having a fall in the preceding 12
months or worried about falling). Campbell et al [35] used data
from the Royal New Zealand Foundation of the Blind register
and clinic and hospital records to identify participants aged over
75 years with poor vision and living in the community. Eligible
participants were then invited to participate. In the study
reported by de Almeida Mello et al [32] and Maggi et al [33],
the Belgian National Institute for Health and Disability
Insurance that provided HAM interventions in the real world,
gave records of those who had received HAM interventions so
that researchers could recruit to their study.

Three of the studies reviewed created electronic cohorts from
routine data. As these were formed from anonymized data
sources, it was not necessary to seek participants’ consent to
participate. Pega et al [36] used census data to identify the study
population of people more than 65 years of age living in private
accommodation. Hollinghurst et al [18] used data from their
intervention provider, Care and Repair Cymru, to define a
deidentified, electronic cohort of people living in Wales aged
60 years or more who received an intervention between 2009
and 2017. They also created a comparator group of people with
similar demographic characteristics from the Welsh Longitudinal
General Practice data who had not received an intervention from
Care and Repair. Dates of death from the Annual District Death
Extract from the Office of National Statistics [56] mortality
data were used to censor participants who died during the course
of the study. Maggi et al [33] and de Almeida Mello et al [32]
also created an electronic cohort, this time for their comparator
group only, from the Belgian IMA database. Using variables
in the National Health Insurance data held in this database,
researchers ensured that their intervention and comparator
groups were matched in terms of age, risk of institutionalization,
and health care utilization.

Stratification of the Sample
Pega et al [36] used census data to stratify their sample into 20
discrete cohorts by sex, age (65-69, 70-74, 75-79, 80-84, and
85 years or more), ethnicity (Indigenous New Zealanders: Maori
and non-Maori), and whether participants were at high or low
risk. The latter was determined according to the occurrence of
any injurious falls in the previous five years identified using
CD10. Maggi et al [33] de Almeida Mello et al [32] used routine
data from the Belgian IMA [39] database to stratify their
comparator group according to a participant’s health impairment
(mild or moderate to severe). This variable was derived from
information on age, the cost of nursing, physiotherapy, and
speech therapy at home, type of nursing care, and use of drugs
for dementia.
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Hollinghurst et al [18] stratified their sample according to
participants’ electronic Frailty Index (eFI) score. This index is
used to predict outcomes including mortality, unplanned
hospitalization, and nursing home admission and was calculated
from 36 health deficit variables routinely collected and recorded
in the Wales Longitudinal General Practice data set [57,58].
Depending on their eFI score, participants were categorized as
either fit, mildly frail, moderately frail, or severely frail.

Generation of Predictor Variables or Covariates
Through electronic linkage between data sources within the
SAIL Databank [45], Hollinghurst et al [18] assigned a
deprivation index to the LSOA of participants’ residences to
explore whether deprivation levels, together with age and sex,
modify the effectiveness of HAM interventions. Pega et al [36]
used census data to create a variable indicating the proportion
of people moving house at or after 65 years of age to estimate
transitions into and out of modified and unmodified
accommodation and to calculate the probability of participants
moving into residential care.

Generation of Outcome Measures
To investigate whether their HAM intervention was
cost-effective, Pega et al [36] compared the cost of
hospitalization and the cost of attending a nonhospital health
care setting after a fall between groups. As a secondary outcome
measure, this study calculated the probability of hospitalization
after a fall. To assess the cost-effectiveness of their HAM
intervention, Salkeld et al [34] calculated the cost of
participants’ hospital utilization from the number of bed days
and associated Australian diagnosis-related groups for each
stay. Missing codes were imputed using the daily cost averaged
across all codes. Campbell et al [35] measured the effectiveness
of their HAM intervention according to the incidence of falls
occurring postintervention using self-report calendars. Any falls
reported as needing medical attention were confirmed using
routine clinical data from hospitals and general practice records.

Maggi et al [33] and de Almeida Mello et al [32] linked their
study participants individually to the IMA (2020) database, and
this provided the main outcomes for their study; permanent
institutionalization is defined as 90+ days at a nursing home or
death. Individual-to-household data linkage allowed
Hollinghurst et al [18] to measure intervention effectiveness
from the number of hospital admissions for falls at home
(identified with an ICD10 code) and the length of stay derived
from admission and discharge dates. This study also measured
the time it took for an individual to move to a care home after
a fall using an anonymized list of care home addresses (from

the Care Inspectorate Wales registry) to address changes in the
Welsh Demographic Service data.

Risk of Bias Findings
Table 1 shows the decisions regarding the risk of bias in each
domain of the ROBINS-I tool and the decision made regarding
the risk of bias in each study overall. After assessing the risk
of bias, we judged that the studies included in this study were
at an overall risk of low [14-36] to moderate bias [18,30,32,33].
The differences in bias were mainly because of design—all
studies with overall low bias were randomized controlled trials
(RCTs). The studies by Hollinghurst et al [18], de Almeida
Mello et al [32], and Maggi et al [33] were longitudinal studies
and, as such, were unable to reduce biases in the way that RCTs
are inherently designed to do. Hollinghurst et al [18] did not
adjust for previous falls, which is a predictor of subsequent
falls; therefore, it was deemed at a serious risk of bias for
confounding. The study by Stark et al [30] was a protocol only;
therefore, there was not enough information available to
determine whether this RCT was an overall low risk of bias.

It is worth mentioning that in the context of this study, using
routinely collected data to measure outcomes can reduce the
likelihood of bias in this domain. Blinding of participants is not
possible in HAM evaluations; studies relying on self-report data
to measure the number of falls are therefore subject to at least
moderate bias (also known as response bias [29,30,32-34]. Both
Hollinghurst et al [18] and Campbell et al [35] retrieved the
number of falls from EHRs and were thus judged to be at a low
risk of bias. Pega et al [36] also used routinely collected data
to measure outcomes (New Zealand Tracker and Accident
Compensation Corporation claims register). However, these
two sources of data were not individually linked, and duplicated
counts of falls may have occurred in some cases. This study
was deemed to have a moderate risk of bias.

Recall bias occurs when participants misremember previous
events or experiences and can lead to inaccuracies in the
information recorded in studies [59]. As mentioned earlier,
several studies used self-report data to account for previous
falls, an important confounding factor, and inaccurate recall
could result in an imbalance between groups, particularly in
nonrandomized studies. For the studies that collected
information on previous falls, only Pega et al [36] used routinely
collected data to identify participants who had previously fallen,
thus avoiding recall bias in this instance. Self-reported outcomes
are particularly subject to this type of bias, where preexisting
beliefs and memory can affect recall and sway study results in
either direction [59]. In this study, four studies measured falls
using self-report data and were, therefore, at risk of recall bias.
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Table 1. Results of risk of bias assessment using the Risk Of Bias In Non-Randomized Studies of Interventions tool.

Overall riskDomainReference

Selective re-
porting

Outcome
bias

Missing dataDeviation biasClassification
bias

Selection
bias

Confounding

LowLowModerateLowModerateLowLowLowCampbell et al
[35]

LowLowModerateLowModerateLowLowLowDay et al [14]

ModerateModerateModerateModerateLowLowLowModeratede Almeida
Mello et al [32]
and Maggi et al
[33]

ModerateNo informa-
tion

LowLowModerateLowLowSeriousHollinghurst et
al [18]

LowModerateModerateLowLowNo informationLowLowPega et al [36]

LowLowModerateLowLowLowLowLowSalkeld et al
[34]

ModerateNo informa-
tion

ModerateNo informa-
tion

No informa-
tion

LowLowLowStark et al [30]

Sampling bias, also known as volunteer bias, occurs when
participants consist of individuals who have volunteered to
participate in a study and may not be representative of the
general population [59]. Only the study by Hollinghurst et al
[18] was able to avoid this bias completely by using an
anonymized electronic cohort, which precluded the need to seek
participants’ consent to participate.

Small sample sizes in intervention evaluations are problematic
as they are often unable to detect significant or clinically
relevant differences, and findings cannot be extrapolated to the
general population [60]. After conducting a power calculation
to determine their target sample size, Salkeld et al [34] reported
that their study of 530 participants was underpowered and the
difference in the number of falls between groups was not
significant. This may have been a type II error rather than a true
reflection of the effectiveness of HAM interventions [37].
Failing to hit sample size targets was likely related to their
recruitment strategy (as mentioned earlier) and budget
constraints [34]. All other studies in this study used routine data
to recruit participants and reported no issues regarding sample
size. Studies that featured electronic cohorts were over 8 times
larger than those using recruitment models requiring consent
[18,32,33,36].

Limited follow-up times can also be an issue in trials, as any
long-term hazards or benefits can be missed and are usually
only able to provide evidence of effectiveness in the short term
[61]. Using self-report outcomes for falls, Maggi et al [33]
conducted a 6-month follow-up—the shortest follow-up time
for studies in this paper. The longest was in the study by Pega
et al [36] that used routinely collected data to follow up
outcomes until a participant’s death or until age 110 years,
although this was simulated data used in Markov modeling.

Discussion

Principal Findings
We identified 7 studies reported in 8 papers that used routine
data to support the evaluation of HAM interventions. All studies
were conducted in economically developed countries [62].
Government organizations provided the majority of data across
studies, with health care providers and third-sector organizations
providing data. Studies used a range of demographic, clinical
or health, and administrative data. The purpose of using
routinely collected data spanned recruiting or creating a sample,
stratification, generating independent variables or covariates,
and measuring key study-related outcomes.

The use of clinical data in research, particularly from EHRs,
has risen considerably over recent years, and these are likely
the most widely used source of routine data in health research
today [63]. This coincides with a global increase (46% during
2011-2016) in EHR adoption across all health care service
providers [64]. In this study, we have seen the versatile use of
EHRs in HAM evaluations, from recruitment to outcome
measurement. Although the provision of data by governments
for health research is not as widespread, it is increasingly being
advocated given the richness of the data they collect [65-67].
This is evident from the varied use of governmental data by the
studies of this paper. In addition, many charities are now
recognizing the value of their data, not only to improve their
own services but also to enhance health research more generally
[68,69].

Although the use of routinely collected data in health research
is increasing, we only identified 7 studies that matched our
inclusion criteria. This could be due to governance and system
barriers surrounding the use of routinely collected data and data
linkage in particular [22], although data safe havens used in
studies from Wales [18] and New Zealand [36] improve
accessibility. Linkage of household-level data is currently not
commonplace, and there is a need for this type of data and
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linkage of data for evaluation purposes more generally [21,70].
The absence of any studies from low-to-middle income countries
may be a result of having fewer housing adaption provision in
conjunction with less well-established routine data collection
infrastructure and procedures [71,72].

This study shows that there is a clear value in the use of
routinely collected data in HAM evaluation. It allows for
objective data collection on key outcomes, including
hospitalization, length of stay, care home admission, and
mortality. Its use can reduce the risk of bias in trials where
assessors may become unblinded to allocation and in participant
recall and response. Longitudinal data sets such as EHRs are
continuously updated and preclude the need for taking repeated
measures from participants; this can reduce research costs and
the burden on participants. In addition, target populations
meeting specific inclusion criteria can be easily accessed.
Forming electronic cohorts from routine data has particular
benefits in that they can minimize recruitment bias and attrition,
plus extended follow up and the creation of suitable control
groups are far simpler to achieve. These larger samples also
allow for greater validity, generalizability, and yield adequate
statistical power. Moreover, hard-to-reach or minority

populations that are typically underrepresented in research can
be easily included, such as those of advanced old age and other
underrepresented groups including minority ethnic groups and
people with multimorbidities [36,73,74]. However, too large a
sample can detect significant differences that are not clinically
relevant, and care needs to be taken to ensure appropriate sample
size calculation with predefined clinically important differences
in outcomes where possible [60].

Routine data are often used in mixed methods studies. The
variables collected in these data sets are predetermined and
rigid, generally restricted to codes, and rarely contain any
contextual or in-depth qualitative information. These studies
still need qualitative data and process evaluation to understand
how service users experience these interventions and to get to
the core of what actually matters to older people—all of which
can influence an intervention’s effectiveness [75]. Specific data
collection via surveys and interviews is necessary to collect
granular data or to answer specific questions that are not
supported by routine data. If the use of routine data can reduce
the burden of quantitative data collection, then more resources
can be made available to enhance these data using alternative
methods (Textbox 1) [76].

Textbox 1. Potential benefits and limitations of the use of routinely collected data in home assessment modification evaluations.

Benefits

• Rich data

• No or minimal participant burden

• Reusable for replication studies

• High external validity

• Diverse populations

• Fewer requirements for ethical approval

• Large control groups available for adequate statistical power

• Avoids recall bias

• Reduces study attrition

• No interference with routine care

• Lower cost and less resources needed for data collection

• Long observation periods

Limitations

• Data quality, for example, missingness

• Outcomes may need to be derived

• Randomization studies not possible with use of these data only

• Unavailability of confounding variables

• Data access issues, for example, governance

• Overpowered studies leading to spurious, significant findings

• Participant contact often not possible with anonymized routine data as consent not sought at study inception

Benefits and Limitations of This Study
Despite the use of rigorous methods, this study has several
limitations. Some studies may not have fully reported the use

of routine data in their publications; therefore, this study may
be missing key information in this regard. We focused only on
fall interventions based in participants’homes; nonhome-based
fall intervention evaluations using routinely collected data were
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excluded. Two protocols were included; therefore, results were
not available for either of these studies. We did not attempt to
identify unpublished studies, which means that this study could
be subject to publication bias. We did not use MeSH headings
in the PubMed search as, after piloting, this greatly reduced the
search specificity. This means that some studies that met the
inclusion criteria may not have been identified. However, we
used a comprehensive search strategy, including the use of the
LILACS database, of which most of its indexed journals are
not indexed in other databases [77]. Our robust bias assessment
using a standardized tool allowed objective evidence of bias in
the studies of this paper and the comparison of bias between
routine and nonroutine data use.

Conclusions
Despite the limited number of studies, we have seen that routine
data can be used successfully in many aspects of evaluations of
HAMs and can enhance methodological quality by reducing
different types of bias while also improving other important
design considerations. These advantages could be used further,
for example, in the evaluation of HAM interventions to support
people with disabilities. However, this study shows the under
use of routine data in this important area of work. There are a
number of governance barriers to be overcome to allow these
types of linkage, and more work should be done to take
advantage of the value that routinely collected data can offer.
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Abstract

Background: Previous work documented the beneficial association between internet use and improved cognition, functional
capacity, and less cognitive decline among people in late adulthood. This work focused on potential mechanisms of such an
association: knowledge on Alzheimer disease (AD) and preventive behaviors related to AD.

Objective: The aim of this study was to examine prospective associations of internet use and perceived computer skills with
knowledge on AD and preventive behaviors related to AD.

Methods: The sample included 1232 older adults (mean age 71.12 [SD 9.07]) drawn from the Israeli branch of the Survey of
Health, Aging, and Retirement in Europe (SHARE-Israel). The sample is representative of Israeli households of adults aged 50
or older and their spouses. Data analyzed were collected in person during 2015 (Wave 6), and in a drop-off questionnaire following
the in-person 2017 data collection (Wave 7).

Results: Although both internet use and perceived computer skills were prospectively associated with knowledge and behaviors
related to AD in bivariate analyses, after controlling for sociodemographics, only internet use was associated with more such
knowledge (β=.13, P<.001) and behaviors (β=.22, P<.001).

Conclusions: Internet use emerged as a prospective predictor of protective factors against AD. Policymakers should advance
digital engagement so as to enhance knowledge on AD and preventive behaviors among older adults.

(JMIR Aging 2021;4(2):e25706)   doi:10.2196/25706

KEYWORDS

Alzheimer disease; digital benefits; digital divide; digital skills; internet use; health behaviors; social capital

Introduction

Background
Alzheimer disease (AD) is the most commonly occurring form
of dementia, appearing predominantly in late adult life [1,2].
The disease causes a progressive cognitive, behavioral, and

functional impairment, taking a heavy personal and financial
toll on the patient, his/her family, and social services [3].

Although the neuropathological features resulting in
neurodegeneration are well-recognized, the primary pathogenic
factors and processes remain unclear. Hence, no effective
treatments that can prevent the onset and progression of the
disease exist hitherto, and much attention is directed at primary
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prevention [4-6]. The sporadic forms of AD (as opposed to
familial), which comprise the majority of cases, have
multifactorial etiology comprising both genetic and potentially
modifiable risk factors. The identified risk factors include
depression, diabetes, physical inactivity, (midlife) hypertension,
(midlife) obesity, smoking, high cholesterol, coronary heart
disease, renal dysfunction, and low unsaturated fat intake,
whereas the protective factors include high cognitive activity,
low/moderate alcohol consumption, and Mediterranean diet [7].

Some evidence—both reviews [5,8,9] and randomized controlled
trials [10,11]—indicates that cognitive stimulation in various
forms can delay cognitive decline. Digital
engagement—engaging in computers and the internet—could
be surmised to be a form of cognitive stimulation, carried out
both at leisure and at work. Indeed, recent studies found that
internet use was associated with a reduction in dementia, even
after controlling for health status, marital status, and numeracy
skills [12], and that internet use was associated with improved
cognition, functional capacity, and quality of life [13-15].
However, the mechanisms through which internet use was
associated with improved cognition were not explicated. In her
review of internet use as a prevention tool against cognitive
decline, spanning online cognitive training programs, internet
conversation, and use of internet/email, Klimova [9] postulated
2 mechanisms through which this effect might take place: (1)
simply acquiring health knowledge and (2) transforming
knowledge into norms and behaviors [16-18]. Knowledge about
a health condition is a critical first step in facilitating appropriate
and timely use of preventive health services [19] and behaviors,
which are documented as risk/protective factors to AD [7].

The benefits accrued through internet use resonate the discourse
on digital divide, specifically the “third digital divide” [20-24].
The concept of “digital divide” evolved in the last 2 decades.
The initial focus was on people’s physical/material access to
computers, internet, and broadband internet, which was
retrospectively labeled the “first digital divide.” As more people
gained access to digital media in developed countries [25,26],
the interest in digital inequality has shifted from physical
availability to how people use the technology [22,27], labeled
the “second digital divide” or “usage gap” [28]. As the skill
level of many people increased, the interest in the digital divide
shifted to gains/outcomes/impacts or benefits that ensue from
internet usage, labeled the “third digital divide.” This third
digital divide is postulated to correspond to offline economic,
cultural, social, and personal resources/domains [29]. In the
health domain, benefits from internet use span, to name a few,
from comparing and switching health insurance, using
high-reputed internet sources, arriving well-prepared to a
medical visit to adopting positive health behaviors [29].

This study focused on potential pathways between internet use
and improved cognition—knowledge and behavior—interpreting
them as benefits of internet use. It examined the first phase of
the link: the association between internet use and perceived
computer skills, on the one hand, and knowledge on AD and
AD-related preventive behaviors, on the other hand. Specifically,
do people who are more engaged digitally know more about
AD, and are they more engaged in modifiable behavioral
risk/protective factors? The analysis was carried out on data

from the Israeli branch of the Survey of Health, Aging, and
Retirement in Europe (SHARE-Israel), allowing for a
prospective examination between the focal variables and
controlling for covariates, both demographic and medical risk
factors for AD. The demographic variables controlled for were
gender, age, income adequacy, and education, often controlled
for in internet use studies [15,30]. The medical risk factors
controlled for were chronic conditions, as they may be
associated with AD-preventive behaviors or knowledge on AD.
Protective behaviors related to AD were not controlled for, as
they were one of the focal dependent variables.

The Study Hypotheses
Based on the literature reviewed above, the study examines 2
hypotheses:

Hypothesis 1a: Internet use is prospectively associated with
knowledge on AD and AD-related preventive behaviors.

Hypothesis 1b: Perceived computer skills are prospectively
associated with knowledge on AD and AD-related preventive
behaviors.

Hypothesis 2a: The above prospective associations between
internet use and knowledge on AD and AD-related preventive
behaviors hold also after controlling for background variables
of gender, age, education, income adequacy, and reported
medical risk factors.

Hypothesis 2b: The above prospective associations between
perceived computer skills and knowledge on AD and AD-related
preventive behaviors hold also after controlling for the
aforementioned background variables.

Methods

Participants and Procedure
Data were drawn from 2 waves of the SHARE-Israel. The
SHARE is a cross-national (27 European countries and Israel)
panel database of microdata on health, socioeconomic status,
and social and family networks [31], whose purpose is to provide
a broad picture of life after the age of 50 for researchers and
policy makers. Waves of data collection started in 2004, and
thus far 7 waves were collected, the latest in 2017. The Israeli
sample is representative of Israeli households of adults aged 50
or older and their spouses (the latter regardless of age) [32].
The design was based on a probability sample of households
within 150 representative statistical areas delineated by
geographical and sociodemographic criteria. More details on
SHARE-Israel can be found on its official website [33].

In this study, respondents were interviewed during 2015 (Wave
6), when they were asked about internet use and perceived
computer skills. They also responded to a supplementary paper
drop-off questionnaire focusing on AD during 2017 (Wave 7).
The data were collected by a comprehensive face-to-face
interview using a computer-assisted personal interview, which
lasted about 90 minutes, and a supplementary paper drop-off
questionnaire, which was returned later. Informed consent had
been obtained from all respondents prior to the interview.
SHARE-Israel received ethical approval from the Institutional
Review Board of the Hebrew University of Jerusalem and the
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general survey had a countries-wide institutional review board
[34].

As the survey questions regarding AD were included in the
drop-off questionnaire administered at Wave 7, the sample of
this study was limited to the 1232 respondents who completed

this questionnaire and also participated in Wave 6 where they
were asked on internet use and perceived computer skills.
Response to the surveys was either in Hebrew, Arabic, or
Russian, the 3 major languages spoken in Israel among adults
aged 50 and over (Table 1).

Table 1. Descriptive characteristics of the study sample.

ValueVariable

71.12 (9.07); 42-101Age (years), mean (SD); range

Gender (n=1232), n (%)

516 (41.88)0=men

716 (58.12)1=women

Cohabitation (n=1232), n (%)

330 (26.79)0=Living without a partner

902 (73.21)1=Living with a partner

Education (n=1222), n (%)

56 (4.58)0=Never attended an education program

243 (19.89)1=Primary education

126 (10.31)2=Lower secondary education

307 (25.12)3=Upper secondary education

73 (5.97)4=Postsecondary nontertiary education

412 (33.72)5=Bachelor’s or equivalent level

5 (0.41)6=Master’s or Doctoral equivalent level

Perceived income adequacy (n=1214), n (%)

126 (10.38)1=With great difficulty

307 (25.29)2=With some difficulty

345 (28.42)3=Fairly easily

436 (35.91)4=Easily

1.46 (1.40); 0-7Medical risk factors (n=1217), mean (SD); range

Internet use (during past 7 days) (n=1232), n (%)

590 (47.89)0=No

642 (52.11)1=Yes

Perceived computer skills (n=1229), n (%)

350 (28.48)0=I never used a computer

97 (7.89)1=Poor

229 (18.63)2=Fair

262 (21.32)3=Good

188 (15.30)4=Very good

95 (7.73)5=Excellent

Knowledge on Alzheimer disease

4.68 (2.31); 0-10Total score (n=1232), mean (SD); range

Alzheimer disease–related preventive behaviors

3.75 (2.09); 0-9Total score (n=1232), mean (SD); range
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Measures

Internet Use
Participants were asked whether they had used the internet in
the past week for either email, information search, shopping,
or any other purpose at least once. Responses were on a
dichotomous yes/no scale (coded as “1” [Yes] or “0” [No]).
This measure has been used in previous research to indicate
general and regular internet usage behavior [15,35].

Perceived Computer Skills
Participants were asked, “How would you rate your computer
skill? Would you say they are ...” A 5-point scale was used,
ranging from poor to excellent. An additional category was I
never used a computer. Responses were coded so that I never
used a computer was the lowest end (0) of the scale and
excellent was the highest (5). This measure has been used in
previous research to indicate subjective skills [36,37].

Knowledge on Alzheimer Disease
Questions tapping general knowledge on AD were adapted
[19,38]. All 10 items were pretested in 2 prior Israeli samples.
Responses were provided on a 3-point response scale, including
correct/incorrect/I don’t know. Sample items were “Alzheimer’s
disease could be contagious” (false, [19]), “Alzheimer’s disease
can be diagnosed with a blood test” (false, [19]), and “Symptoms
of severe depression can be mistaken for symptoms of AD”
(true, [38]) [see Multimedia Appendix 1]. Correct responses
were summed up so that the knowledge on AD score ranged
from 0 to 10. Cronbach α coefficient of the scale was fair,
α=.63, considering it was based on dichotomous items [39].

Alzheimer Disease–Related Preventive Behaviors
Participants were asked to check whether they had engaged in
the following behaviors on a regular basis in the past month.
Nine behaviors were included: physical exercise; consumption
of foods with high saturated fat and cholesterol; consumption
of green vegetables, nuts, cereals, fish, or olive oil; limitation
of total daily caloric intake; reduction of stress level, done in
order to reduce, prevent, and cope with stress; communication
with family or friends; participation in social activities; doing
number games such as crossword puzzles or sudoku; and taking
nutritional supplements, such as vitamin B12, vitamin E, and
omega 3 fatty acids. The items were identified as AD-protective
factors [7]. All items were pretested in 2 small prior samples.
The items were summed up so that the score could potentially
range from 0 to 9. Cronbach α coefficient of the scale was fair,
α=0.62, considering it was based on dichotomous items [39].

Sociodemographic characteristics included gender (1=female;
0=male), age in years, education level, and perceived household
income adequacy. Perceived income adequacy was assessed by
asking, “Thinking of your household’s total monthly income,
would you say that your household is able to make ends meet?.”
The answer scale was composed of 4 categories ranging from
1=with great difficulty to 4=easily [40]. Education level was
coded by 1 of 7 categories classified by the International
Standard Classification of Education (ISCED), ranging from 0
(preprimary) to 6 (second-stage tertiary education) [41]. Medical
risk factors, as based on the Wave 6 report, included coronary

heart disease, hypertension, high cholesterol, diabetes, renal

dysfunction, affective disorder, and BMI of 30 kg/m2 or above.
These were summed up to form a medical risk factors score
[42] ranging from 0 to 7.

Data Analysis
We first performed univariate descriptive analyses,
characterizing the study’s participants. Then, Pearson
correlations and unpaired t tests were conducted in order to
examine Hypothesis 1 on bivariate associations between the
main variables (for continuous and categorical variables,
respectively). We then tested Hypothesis 2 in a series of
hierarchical multiple regression analyses examining internet
use and perceived computer skills’ prediction of each of the
dependent variables: knowledge on AD and AD-related
preventive behaviors. As the predictors internet use and
perceived computer skills were highly associated, they were
not entered simultaneously, and thus separate regression
analyses examined the prediction of each of these predictors.
Step 1 in the regression included gender, age, education, and
income adequacy, demographic variables traditionally controlled
for in studying internet use [15]. We also included reported
medical risk factors in this step to control for the possibility that
reported conditions could be associated with increased
knowledge and preventive behaviors. Step 2 additionally
included either internet use or perceived computer skills. Data
were analyzed using SPSS statistical software, PC version 25.0
(IBM).

Results

Descriptive Characteristics of the Sample
Wave 7 included 2131 individuals; 1638 of them returned the
AD drop-off questionnaire, and 1232 of them also had data from
the Wave 6 data collection. A comparison of the larger group
of all Wave 7 respondents with those included in this analysis
yielded no significant differences (P=.30, .70, and .15 for age,
gender, and education, respectively) except in income adequacy
(P=.008), which was slightly higher (mean difference of 0.1)
in our analysis sample. Characteristics of the participants are
presented in Table 1. The mean age in the current sample at
Wave 7 (n=1232) was 71.12 (SD 9.07). Most participants were
women (716/1232, 58.12%) or living with a partner (902/1232,
73.21%). About one-third of the sample had lower secondary
education or less (425/1222, 34.78%), a quarter (307/1232,
24.9%) had an upper secondary education, and 40.10%
(490/1222) a postsecondary or tertiary education. As for the
perceived income adequacy, most of the sample reported being
able to make ends meet easily or fairly easily (781/1214,
64.33%). The medical risk factor mean was 1.46 (SD 1.40).

Regarding digital engagement, about one-half of the sample
(642/1232, 52.11%) had used the internet during the 7 days
prior to the interview. Almost one-half of the sample (545/1229,
44.34%) rated their computer skills as good to excellent.
Knowledge on AD and AD-related preventive behaviors are
also displayed in Table 1. The mean knowledge on AD was at
midrange (mean 4.68, range 0-10), whereas the mean reported
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AD-related preventive behaviors was relatively low (mean 3.75,
range 0-9).

Bivariate Analyses
As displayed in Table 2, significant differences were found
between respondents who had used the internet during the past
week and those who had not in both knowledge on AD
(t1230=7.33, P<.001, Cohen d=0.43) and AD-related preventive
behaviors (t1230=9.08, P<.001, Cohen d=0.52), such that internet
users reported higher knowledge on AD and AD-related
preventive behaviors.

As presented in Table 3, the prospective correlations between
perceived computer skills and both knowledge on AD and
AD-related preventive behaviors were significant and positive,
though weak (r=0.08, P<.001 and r=0.13, P<.001, respectively).
The findings therefore provided support for Hypothesis 1. In
addition, the correlations of education with internet use and
perceived computer skills were significant and positive (r=0.46,
P<.001 and r=0.43, P<.001, respectively), whereas the
associations of age with internet use and perceived computer
skills were significant and negative (r=–0.22, P<.001 and
r=–0.32, P<.001, respectively).

Table 2. Knowledge on Alzheimer disease and Alzheimer disease–related preventive behaviors by internet use.

P-valuet value (df)Noninternet users
(n=590), mean (SD)

Internet users
(n=642), mean (SD)

Pathway

<.0017.33 (1230)4.18 (2.20)5.13 (2.33)Knowledge on Alzheimer disease

<.0019.08 (1230)3.20 (1.97)4.25 (2.07)Alzheimer disease–related preventive behaviors

Table 3. Correlations between the study variables.a

AgeEducationPerceived computer skillsInternet useADPBcKADbStudy variables

1KAD

10.42dADPB

10.25d0.21dInternet use

10.68d0.13d0.08ePerceived computer skills

10.43d0.46d0.29d0.23dEducation

1–0.12d–0.32d–0.22d–0.01–0.01Age

aN varies from 1205 to 1232.
bKAD: Knowledge on Alzheimer disease.
cADPB: Alzheimer disease–related preventive behaviors.
dP<.001.
eP=.008.

Multivariate Analyses Predicting Knowledge on
Alzheimer Disease
Table 4 presents the linear hierarchical regression models
predicting knowledge on AD. Model 1 includes the demographic
and medical risk factor variables. It shows a positive association
of education and knowledge with AD: the higher the level of
education, the better the knowledge on AD. A similar positive
association of income adequacy (P=.006) and medical risk
factors (P=.005) with knowledge on AD was found. No
significant associations of gender (P=.87) and age (P=.84) with
knowledge on AD were found.

To examine Hypothesis 2 regarding the positive association
between internet use and knowledge on AD, we added internet
use to our model (see Model 2a). There were 2 main findings.
First, the prospective association of internet use with knowledge

on AD was significant and positive (P<.001). Respondents who
used internet revealed higher knowledge on AD compared with
those who did not report this use. Therefore, this finding
provided support for Hypothesis 2 regarding internet use. In

addition, the adjusted R2 (final step) in the sample was 6.9%.

To examine Hypothesis 2 regarding the positive association
between perceived computer skills and knowledge on AD, we
added perceived computer skills to our model (see Model 2b).
The association between perceived computer skills and
knowledge on AD was not significant (P=.09). Thus, this finding
did not provide support for Hypothesis 2b regarding perceived
computer skills. Note that when controlling for perceived
computer skills, medical risk factors emerged as a significant
predictor of knowledge on AD (P=.002), such that the more
medical risk factors, the higher the knowledge on AD.
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Table 4. Hierarchical linear regression predicting knowledge on Alzheimer disease.

Model 2b (n=1187)Model 2a (n=1190)Model 1 (n=1190)Predictors

βSE BBβSE BBβ cSE BbBa

—0.633.38—0.582.79—d0.583.11Constant

.000.130.00.010.130.05.040.130.02Gender (women=1)

–.020.01–0.00.010.000.00.010.010.00Age

.22e0.040.31.16e0.040.23.21e0.040.30Education

.09g0.070.21.050.070.12.08f0.070.19Income adequacy

.08h0.050.13.090.050.15.080.050.14Medical risk factors

———.13d0.150.60———Internet use

–0.040.05–0.06——————Perceived computer skills

——0.058——0.069——0.057Adjusted R2

——0.001——0.012———R2 change

aUnstandardized beta coefficient.
bStandard error for the unstandardized beta (B).
cStandardized beta coefficient.
d—: Not available
eP<.001.
fP=.006
gP=.003.
hP=.002.

Multivariate Analyses Predicting Alzheimer
Disease–Related Preventive Behaviors
Table 5 presents the hierarchical linear regression model
predicting AD-related preventive behaviors. Similar to our
findings regarding knowledge on AD, a positive significant
association between education and income with AD-related
preventive behaviors was recorded (<.001 and .036,
respectively), whereas no significant associations were found
for the association of gender (P=.07), age (P=.78), and medical
risk factors (P=.60) with AD-related preventive behaviors.

To examine Hypothesis 2 regarding the positive association
between internet use and AD-related preventive behaviors, we
added internet use to our model (see Model 2a). The prospective
association of internet use was significant and positive (P<.001).
Respondents who used the internet had higher AD-related

preventive behaviors compared with those who did not report
this use. Therefore, this finding provided support for Hypothesis
2a regarding internet use. However, when controlling for internet
use, gender emerged as a significant predictor of AD-related
preventive behaviors such that women had higher AD-related
preventive behaviors than men (P=.03). In addition, the adjusted

R2 (final step) in the sample was 7.7%.

To examine Hypothesis 2b regarding the positive association
between perceived computer skills and AD-related preventive
behaviors, we added perceived computer skills to our model
(see Model 2b). The effect of perceived computer skills was

positive yet insignificant (P=.09); indeed, the adjusted R2 in the
sample hardly changed compared with Model 1 and was only
4.5% (P=.09). Thus, this finding did not provide support for
Hypothesis 2b regarding perceived computer skills.
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Table 5. Hierarchical linear regression predicting Alzheimer disease–related preventive behaviors.

Model 2b (n=1187)Model 2a (n=1190)Model 1 (n=1190)Predictors

βSE BBβSE BBβ cSE BbBa

—0.571.96—0.532.14—d0.532.35Constant

.050.120.23.06e0.120.26.050.120.21Gender (women=1)

.030.010.01.030.010.01–.010.00–0.00Age

.17f0.040.21.10f0.040.13.18f0.040.23Education

.050.070.09.010.060.03.06g0.060.13Income adequacy

–.020.05–0.02–.000.05–0.05–.020.05–0.03Medical risk factors

———.22f0.140.93———Internet use

.060.040.07——————Perceived computer skills

——0.045——0.077——0.043Adjusted R2

——.002——.034———R2 change

aUnstandardized beta coefficient.
bStandard error for the unstandardized beta (B).
cStandardized beta coefficient.
d—: Not available
eP<.32.
fP<.001.
gP=.04.

Discussion

Principal Findings
Our findings indicate that internet use was significantly and
positively associated with both knowledge on AD and
AD-related preventive behaviors (Hypothesis 1). The
prospective association between internet use and knowledge on
AD held also when demographic attributes were controlled for
(Hypothesis 2a). It is noteworthy that even though education
and internet use were positively associated (r=0.46, P<.001),
internet use still added to the explained variance in both
knowledge on AD and AD-related preventive behaviors, after
controlling for education and other demographic and medical
risk factors (Hypothesis 2a), and internet use was a stronger
predictor of knowledge on AD and AD-related preventive
behaviors compared with education. Overall, the explained
variance in knowledge on AD and AD-related preventive
behaviors was significant yet relatively small (6.9% and 7.7%,
respectively). Perceived computer skills were also significantly
associated with both knowledge on AD and AD-related
preventive behaviors (Hypothesis 1b). However, this bivariate
prospective association did not hold in a multivariate analysis,
when gender, age, education, perceived income adequacy, and
medical risk factors were controlled for in predicting knowledge
on AD and AD-related preventive behaviors (Hypothesis 2b).
Overall, the explained variance was significant yet relatively
small (6.9% and 7.7%, respectively).

Comparison With Prior Work
Our findings exemplify the capital-enhancing effect of using
the internet in 2 domains: information acquisition and making

more “responsible” choices [43,44]; these were both documented
in the context of AD, relevant to people in middle and late
adulthood. The findings indicate that internet users build
personal capital and resources in the form of knowledge and
behaviors. Our findings not only record first divide (ie, access)
and second divide (ie, skills) variables’ prospective association
with a third divide (ie, outcomes), but also lend support to the
sequentiality in the digital divide [45,46], namely, that access
and skills in the digital arena (ie, digital access and skills
reported in Wave 6 data collection) subsequently relate to offline
outcomes in another domain (ie, knowledge and behavior in
the health arena reported in Wave 7). The size of the explained
variance in knowledge on AD and AD-related preventive
behaviors attests to a relatively small effect of accrued capital
gained from internet use, yet one similar to the small effects of
internet use on other health processes [47] and of social capital
on health, as documented in a recent meta-analysis [48].

Education was found to be a significant predictor of knowledge
on AD and AD-related preventive behaviors. These findings
echo recommendations regarding dementia prevention [2];
education, along with cognitive stimulation, is associated with
building a cognitive reserve earlier in life. This reserve translates
also into actual participation in health behaviors [49].

The study has several implications. First, by suggesting and
testing mechanisms through which internet use may be
associated with reduced dementia prevalence [12,14], namely,
knowledge acquisition and preventive behavior, it signposts
digital engagement as an intervention venue, recommended also
by other researchers [44]. The intervention does not need to be
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directive and focused on AD, as it seems that people arrive to
this domain on their own.

Although it is unclear which specific digital activities are
associated with enhanced knowledge on AD and AD-related
preventive behaviors, opening the digital realm to more older
adults is promising, and integrates into the evidence on the
beneficial effects of cognitive stimulation. The scope of potential
intervention focused on enhanced digital engagement/literacy
is big, as only about one-half (642/1232, 52.11%, similar to
SHARE respondents’ average use [35]) of the respondents to
this survey, a representative sample of households in this age
bracket, had been digitally engaged in the preceding week, and
almost one-third reported they never used a computer. Although
many respondents own mobile phones, most often smartphones
[50], they often do not realize its affordances. Internet use
among this age group in Israel has risen in the past decade [30],
but there is ample room for an additional increase.

Strengths and Limitations
This study has a number of strengths. First, the prospective
association between internet use, knowledge on AD, and
AD-related preventive behaviors is novel, and attests to the
benefits accrued by internet use. It is one of the manifestations
of the third digital divide in the health domain. Second, the
longitudinal design of the study, establishing temporality,
suggests directionality of the relationship between the variables.
Internet use and perceived computer skills had both been
measured in a previous data collection wave, and they predicted
knowledge on AD and AD-related preventive behaviors. Most
studies on internet use are not longitudinal, and do not afford
drawing such a conclusion. A third major strength of the study
is the representativeness of the sample, consisting of a relatively
large number of respondents (n=1232).

However, certain limitations of this study should also be noted.
Foremost, all the variables were self-reported and originated
from a single source—the respondent. Some of the predictors
are essentially reliable and valid (eg, demographic attributes),
some are reported practices (eg, digital engagement) that are
more prone to self-presentation bias, and some are inherently
perceptions (perceived computer skills). The latter are
moderately (though significantly) associated with actual
performance, as can be inferred from reported and performed
eHealth literacy [51]. This bias in perceived computer skills
may explain the finding that it was not associated with
knowledge nor behavior in multivariate analyses: it may not
have measured computer skills accurately enough. Second, we
cannot be completely confident in the directionality of the
relationship between internet use, knowledge on AD, and
AD-related preventive behaviors; the longitudinal measurement

of these variables does not guarantee that this was the actual
sequence between them. Third, the 2 dependent variables
exhibited relatively low reliability, probably as they employed
dichotomous responses and covered different domains (eg,
behaviors pertaining to diet, exercise, and social interaction).
Lastly, the study did not examine the association of knowledge
on AD and AD-related preventive behaviors with cognitive
decline (though the latter was examined by other studies), nor
whether knowledge on AD and AD-related preventive behaviors
mediate the association between internet use and cognitive
decline. Despite the limitations, the study is unique in that it
documented—in a longitudinal design—how using the internet
and having digital skills can generate positive outcomes for
people in middle and late adulthood. The positive outcomes
examined were knowledge on AD and behaviors which can
modify the timing of AD, and the prospective design of the
study allowed inferring the direction of the association: from
internet and computer use to tangible benefits.

Future Directions
Future work could focus on unravelling what exactly in internet
use afforded the reported benefits. This study did not track
people’s actual use of the internet but rather relied on their report
of using it during the previous week. A more nuanced
measurement of internet use (both eHealth and mHealth [mobile
health]) could provide more precise information. For example,
are the benefits derived from using knowledge and experiential
accounts created by peers, such as in online health communities
[16], aligned with Web 2.0 activities, or alternatively are the
tangible benefits that result in obtaining information from
traditional sources, such as hospitals, health maintenance
organizations, and patients’ associations, aligned with Web 1.0
consumption [52]? Adopting a functional approach [53], it is
of special interest to unravel which digital activities are
associated with AD-related preventive behaviors. Another
intriguing direction is to examine subpopulations such as
immigrants or minorities; knowledge on AD and AD-related
preventive behaviors of subpopulations are of interest as well
as the facilitating effect of internet use. Lastly, future research
could focus on cognitive decline as the dependent variable, and
test whether knowledge on AD and AD-related preventive
behaviors indeed function as mediators between internet use
and reduced dementia, as documented in recent findings
[12,14,15]. Concomitantly, the mechanism through which
internet use is associated with preventive behaviors could be
further explored to examine whether knowledge mediates this
association. Future research should avoid cross-sectional design,
and hold onto the longitudinal design, to allow inferring the
direction of the association.
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Abstract

Background: Older people’s use of the internet is increasingly coming into focus with the demographic changes of a growing
older population. Research reports several benefits of older people’s internet use and highlights problems such as various forms
of inequality in use within the group. There is a need for consistent measurements to follow the development and use of the
internet in this group and to be able to compare groups both within and between countries, as well as follow the changes over
time.

Objective: The aim of this study was to create an instrument to measure an older person’s perception of the benefits of their
online social participation, unconnected to specific applications and services. The instrument to measure internet social participation
proposed in this paper builds on social participation factors and is a multidimensional construct incorporating both social relations
and societal connectedness.

Methods: A short instrument for measuring social participation over the internet was created. An exploratory factor analysis
(EFA) was conducted in a random selection of persons aged 65 years or older (n=193) on 10 initial items. Further validation was
made by confirmatory factor analysis (CFA) in the remaining group (n=193).

Results: A 1-factor solution for the social internet score was decided upon after exploratory factor analysis (EFA; based on a
random sample of half the data set). None of the questionnaire items were excluded based on the EFA, as they all had high
loadings, the lowest being 0.61. The Cronbach α coefficient was .92. The 1-factor solution explained 55% of the variance. CFA
was performed and included all 10 questionnaire items in a 1-factor solution. Indices of goodness of fit of the model showed

room for improvement. Removal of 4 questions in a stepwise procedure resulted in a 6-item model (χ2
6=13.985; χ2/degrees of

freedom=1.554; comparative fit index=0.992; root mean square error of approximation=0.054; standardized root mean square
residual=0.025).

Conclusions: The proposed instrument can be used to measure digital social participation and coherence with society. The
factor analysis is based on a sufficient sample of the general population of older adults in Sweden, and overall the instrument
performed as expected.

(JMIR Aging 2021;4(2):e23591)   doi:10.2196/23591
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Introduction

Older adults’ internet use is the focus of an increasing number
of research studies [1]. Internet use has been reported to promote
the well-being [2] and active aging [3] among older people and
to act as a possible support for maintaining cognitive function
[4,5]. Despite these benefits, there are also reports of a lower
percentage of internet users in older age groups than in the whole
population [6,7], creating a digital divide, leaving out many
older adults from the benefits of the online world.

Research on this digital divide has initially been focused on
actual internet access (first-level digital divide) and internet
skills and use (second-level digital divide) [8]. However, with
an increasing number of older people getting access to the
internet, the focus has also shifted to a third-level digital divide
in which the tangible outcomes of internet use are highlighted
[8] and where actual users also differ in how they benefit from
their online presence. One such outcome is the use of the internet
to maintain social contacts and avoid loneliness [9-11].

The positive relationship between social participation and
well-being and health is well documented [12,13]. Social
participation has no universally agreed definition but is generally
measured in terms of the quantity or quality of social interactions
and connections [14]. In a study on older adults’ social
participation, Utz et al [15] classified it in the realm of
organizational affiliations, friendship ties, kinship networks,
social connectedness, social support, or social integration.
Internet use has been generally acknowledged to have the
potential to support such social affordance [16-19].

A possibility to measure the online social participation,
unconnected to specific applications and services, would be of
interest for comparing groups both within and between countries,
and to examining changes over time. The instrument to measure
internet social participation proposed in this paper builds on
social participation factors and is a multidimensional construct
incorporating both social relations and societal connectedness.
It focuses on the subjective feeling of social participation free
from references to specific applications and services.

Methods

Data Collection and Sample
Data were obtained from a sample of participants in the Swedish
National Study of Aging and Care (SNAC). SNAC is a
longitudinal cohort study of a representative sample of the aging
Swedish population that started its data collection in 2001. It is
a comprehensive, interdisciplinary study that investigates the
health and living conditions of the Swedish population aged 60
years and older. A detailed outline of the SNAC study is
available from Lagergren et al [20]. The present study sample
is based on participants from 1 of the 4 regions in the SNAC
study, the SNAC Blekinge (SNAC-B) cohort with individuals
living in the municipality of Karlskrona.

As an addition to this study, it was seen necessary to further the
efforts to gather information about older persons' use and
experiences of societal digitalization. A first questionnaire was
sent out in 2017, and the second slightly modified questionnaire

(the base for this study) was sent out in April 2019 to all
participants in the SNAC-B study (N=733). A total of 581
persons responded, corresponding to a response rate of 79.3%
(581/733). In the present study, only individuals who responded
that they were information and communication technology users
were included (n=393).

Out of the internet users, 388 were responders of at least one
social participation score item. Of these, 21 persons had missing
answers on at least one of the 10 questionnaire items in the
social participation score (15 persons had 1 missing question;
3 persons had 2 missing; and 1 person each had 5, 7, and 9
missing). From the answers of the 388 responders, the following
were the number of missing values for the 10 questions: 4, 3,
3, 8, 5, 5, 3, 3, 5, and 3, respectively. Finally, persons answering
fewer than 5 questions were excluded, rendering the final
number of participants to 386.

Instrument Development
In the first questionnaire sent out in 2017, there was a focus on
older persons' affinity to technology, so-called technophilia
[21], and this research was subsequently reported in JMIR. In
further analysis of this initial research, the need was also found
for an instrument that could measure experiences of the online
social participation, unconnected to specific applications and
services. This would be of interest to see changes over time
between our cohorts (eg, asking about a specific application as
Facebook use today could be changed to another application
over time, but the underlying latent construct is the same). Social
participation [14,15] was chosen as a theoretical framework
incorporating a multidimensional construct with both social
relations and societal connectedness.

A list of possibly interesting and relevant aspects of social
participation and connectedness in an online environment was
constructed from the theoretical framework and the control
questions in the questionnaire (Table 1). From this, an initial
10-question instrument (5 questions in each domain) was
composed by PA and JSB, who have expertise in the field of
aging and the internet. This list was reviewed together with a
third expert, in the psychology of aging, and different aspects
and formulations were discussed and agreed upon.

The questionnaire was then pretested for face validity,
coherence, and understandability with cognitive interviews [22]
being conducted with the target group (a convenience sample
of 6 individuals of both sexes ranging in age from 66 to 80
years). The interviewees were given the 10-item questionnaire
and were encouraged to think aloud when they read the
questions. The interviewer would also follow up with verbal
probing (ie, questions about how well the interviewee
understood the question) based on item wording, terminology,
and if the structure was clear and easy to understand.
Specifically, the questions “Can you repeat the question I just
asked in your own words?”, “Was there anything confusing
about this question?”, “What does the word [term] mean to you
as it is used in the question?”, and “Tell me what you thought
when I asked about [topic of question],” were asked.

The item questions were then revised according to the feedback
from the interviews with respect to the verbal probing.
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Especially important was to make sure that the questionnaire
was using terminology relevant to older people using technology
to ensure face validity. The questionnaire was translated into
English using backward-forward translation from the original

Swedish version, by native-speaking translators in each
direction.

The resulting questionnaire items can be found in Table 1.

Table 1. Initially suggested 10-question instrument.

Swedish (original)English (translation)Domain

1. Jag tycker att internet hjälper mig att hålla kontakt
med vänner och familj

1. I think the internet helps me stay in touch with friends and
family

Social relations

2. Jag tycker att internet hjälper mig att hålla mig in-
formerad om vad som händer i samhället

2. I think the internet helps me keep up to date with what's
happening in society

Societal connectedness

3. Jag tycker att internet gör att jag känner mig mer
delaktig i samhället

3. I think the internet makes me feel more included in societySocietal connectedness a

4. Jag tycker att internet gör att jag känner mig mindre
ensam

4. I think the internet makes me feel less lonelySocial relations

5. Jag tycker att internet hjälper mig att få tillgång till
meningsfulla aktiviteter

5. I think the internet helps me to access meaningful activitiesSocietal connectedness

6. Jag tycker att internet hjälper mig att hålla igång
mitt sociala nätverk

6. I think the internet helps me keep up my social networkSocial relations

7. Jag tycker att internet hjälper mig att återknyta till
gamla minnen och händelser från förr

7. I think the internet helps me reconnect to old memories and
events of yesteryear

Societal connectedness

8. Jag tycker att internet hjälper mig att hitta nöje och
förströelse

8. I think the internet helps me find pastimes and amusementSocietal connectedness

9. Jag tycker att internet hjälper mig att utöka och
skapa nya sociala nätverk

9. I think the internet helps me to expand and create new social
networks

Social relations

10. Jag tycker att internet gör att jag känner mig
mindre isolerad

10. I think the internet makes me feel less isolatedSocial relations

aThe questions that made it into the final instrument are indicated by italics.

Statistical Analysis
In order to be able to include all participants who answered at
least five questions on the social participation score, imputation
was done on the missing values for the 10 items to be used in
creating the social participation score. Thus, 26 missing values
were imputed by using median imputation across the individuals.
As the missingness was limited (close to 0.5%) it is not likely
that the choice of imputation method would affect statistical
analyses to any noticeable extent. To compare, a complete case
analysis would result in excluding 5% of the 386 participants
and was not preferable.

After imputation was carried out, a random sample (n=193) was
drawn to perform an exploratory factor analysis (EFA), with
the main aim of deciding on a single- or multiple-factor solution,
and of delimiting the number of items making up the social
participation score. The number of factors to include were
decided based on the Cattell scree test [23] and Horn parallel
analysis [24], along with inspection of the factors. After the
EFA had been carried out, the Cronbach α coefficient was
calculated for examining the internal consistency of the
questionnaire items within a factor [25]. On the other half of
the data (n=193), a confirmatory factor analysis (CFA) was
performed, based on the structure proposed by the EFA. As the
CFA was carried out on another data sample, it was possible to
cross-validate the measurement model proposed by the EFA,
as done by Kamin and Lang [26]. Before any of the factor
analyses were carried out, both the Kaiser-Meyer-Olkin measure

of sampling adequacy, which calculated the proportion of the
variance in the questionnaire items that might be caused by
underlying factors [27], and the Bartlett test of sphericity, which
tested the hypothesis that the items are unrelated [28], were
performed. These tests were conducted on the complete data
set (N=386).

Regarding sample sizes, Floyd and Widaman [29] recommend
a sample size of at least 10 participants per parameter estimated
(here meaning the number of questions in the questionnaire)
for performing a CFA. The same recommendation is made by
Nunnally [30] for the EFA. In the CFA, several goodness-of-fit
measures were assessed: the chi-square statistic by itself and
relative to the degrees of freedom (ideally <2 [31]), the
standardized root mean square residual (SRMR; ideally <0.05
[31]), the comparative fit index (CFI; acceptable fit >0.95, [31]),
and the root mean square error of approximation (RMSEA;
ideally <0.05; acceptable fit 0.05-0.08, [32]). Modification
indices (MIs) were evaluated to possibly improve the model by
limiting the number of questionnaire items and to identify
complex items in a similar manner to Hyde et al [33]. MIs are
values corresponding to univariate score tests and reflect the
model fit improvement that would be present if a constrained
parameter were to be estimated as a free one [34]. In particular,
we looked at MIs for covariances between questionnaire items
within a factor in CFAs and hypothesized that for significant
score tests, instead of allowing for covariances in the model
between items, we could exclude 1 of 2 highly correlated items.
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A total score, with continuous values from 1 to 5, of a 1-factor
solution, was calculated with the nonrefined method of making
a weighted sum score [35], with weights decided by the
standardized factor loadings from the CFA. We decided not to
use refined methods, such as regression scores or Bartlett scores,
as a nonrefined method is more stable across samples [36]. The
total score was used to delineate 5 different categories of 0.8
units each as the dependent variable in univariate ordinal logistic
regression models [37]. This was done for evaluating
associations between the social participation score and
independent variables, such as gender and internet use
frequency. Note that in such models, the magnitude of the β
coefficients cannot be interpreted. Correlations between the
social participation score and 3 other technical scores, TechPH
(“an instrument for measuring older people's attitudes towards
technology” [21]) and eHEALS (“measuring consumers’
combined knowledge, comfort, and perceived skills at finding,
evaluating, and applying electronic health information to health
problems” [38]), were also assessed, along with approximate P
values. The first of the scores, consisting of two factors, was
previously developed within our research group. Further
validation of the score was made by evaluating correlations
between the score (and the individual questions within the score)
and other variables meant to measure neighboring (eg, usage
of social networking sites) as well as diverse (eg searching of
health-related information) quantities.

All statistical analyses were performed in SPSS (IBM
Corporation) or R (R Foundation for Statistical Computing)
software, using packages Psych, lavaan, REdaS, MASS, and
Hmisc.

Results

Exploratory Factor Analysis
The Kaiser-Meyer-Olkin measure of sampling adequacy was
0.91 for the complete data, and Bartlett test of sphericity was
highly significant (P<.001). Thus it was appropriate to perform
factor analyses.

A 1-factor solution for the social internet score was decided
upon after the EFA (based on a random sample of half the data
set). This was suggested by the bend in the scree plot, and also,
only the first factor had an eigenvalue >1, although 3 factors
were proposed based on the parallel analysis. However, it can
be noted that the result from the parallel analysis was on the
border of proposing a 1-factor solution: the eigenvalue for the
second factor in the actual data was not much higher than that
for the simulated or resampled data. When we inspected the
factor solutions that had more than one factor, many items were
cross-loaded on several factors, making the solutions difficult
to interpret (Table 2).

Table 2. Two-factor solution with (standardized) cross-loadings from exploratory factor analysis on the sampled group (n=193).

Factor 2 loadingsFactor 1 loadingsQuestion

0.660.361. I think the internet helps me stay in touch with friends and family

0.880.222. I think the internet helps me keep up to date with what's happening in society

0.660.523. I think the internet makes me feel more included in society a

0.350.684. I think the internet makes me feel less lonely

0.410.535. I think the internet helps me to access meaningful activities

0.420.76. I think the internet helps me keep up my social network

0.310.727. I think the internet helps me reconnect to old memories and events of yesteryear

0.560.458. I think the internet helps me find pastimes and amusement

0.310.719. I think the internet helps me to expand and create new social networks

0.260.8410. I think the internet makes me feel less isolated

aThe questions that made it into the final instrument are indicated by italics.

The number of cross-loadings depends on which cutoff value
to choose for item loadings to be kept within a factor. There is
no general rule of thumb regarding this value, rather several
different rules exist and have been reported in the literature
[26,39,40]. To retrieve 2 factors without cross-loadings, a cutoff
value of >0.52 would give such a solution. It can, however, be
noted that Questions 3, 5, and 8 have similar loadings on both
factors. Also, it is difficult to understand what the difference in
theoretical construct between the 2 factors would be, given their
included questionnaire items. Based on this, a 1-factor solution
was decided upon. None of the questionnaire items were
excluded based on the EFA (and the cutoff value for factor
loadings was 0.5, the lowest value recommended by Hair et al
[40]) as they all had high loadings, the lowest being 0.61 (Table

3). The Cronbach α coefficient was .92, and the 1-factor solution
explained 55% of the variance.

Confirmatory Factor Analysis
A CFA was performed that included all 10 questionnaire items
in a 1-factor solution (based on the second, nonsampled part of
the data); the standardized factor loadings can be seen in Table
3). Results indicated that there is room for improvement based
on the indices showing the goodness of fit of the model. After
inspection of the model’s MI values, it was found that some
items had high correlations which could cause some of the
model misspecifications. As the MI values represent score test
statistics, by following a chi-square distribution of 1 degree of
freedom, the values should be kept small if no model
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misspecification were present. We used a stepwise procedure
in which we removed 1 of the questionnaire items with the
highest MI value (>10). When 1 item was removed, a new CFA
was performed on which the new MI values were calculated.
The problematic items were Questions 4 and 10 (MI=36.349),
Questions 2 and 3 (MI=35.049), Questions 5 and 8 (MI=19.049),
and Questions 1 and 6 (MI=11.589). Removing the questionnaire
items with the lowest standardized factor loadings led to the

exclusion of Questions 4, 2, 8, and 1. The removal of questions
was agreed upon by medical and technical experts in the field.
The standardized factor loadings in the CFA based on the 6
remaining questionnaire items are shown in Table 3.

Note that a parallel analysis (EFA) proposed a 1-factor solution
for the 6 questionnaire items being left out of the 10 original
ones.

Table 3. Standardized factor loadings from exploratory and confirmatory factor analyses for the 1-factor solution based on the original 10 questionnaire
items and the chosen 6 items after exclusions. Based on the 2 different parts of the data: sampled (EFA) and nonsampled (CFA) groups.

CFA with 6 items (n=193)CFAb (n=193)EFAa (n=193)Question

—c0.580.691. I think the internet helps me stay in touch with friends and family

—0.590.692. I think the internet helps me keep up to date with what's happening in society

0.690.730.823. I think the internet makes me feel more included in society d

—0.750.754. I think the internet makes me feel less lonely

0.750.780.685. I think the internet helps me to access meaningful activities

0.840.800.816. I think the internet helps me keep up my social network

0.800.800.757. I think the internet helps me reconnect to old memories and events of yesteryear

—0.720.718. I think the internet helps me find pastimes and amusement

0.840.800.759. I think the internet helps me to expand and create new social networks

0.750.770.8010. I think the internet makes me feel less isolated

aEFA: exploratory factor analysis.
bCFA: confirmatory factor analysis.
cNot applicable.
dThe questions that made it into the final instrument are indicated by italics.

Indices of goodness of fit of the model were improved for the
6-item model compared to the 10-item model. Following are

the indices for the 6-item model: χ2
6=13.985; χ2/degrees of

freedom=1.554; CFI=0.992; RMSEA of approximation=0.054;
SRMR=0.025).

The distribution of the social participation score among the 386
persons in the study is presented as means and fractions of
participants receiving scores in 5 different ordered categories
from 1 to 5, representing rounded score values of 1-1.8, 1.9-2.6,
2.7-3.4, 3.5-4.2, and 4.3-5, respectively (Table 4). Beta
coefficients and P values from univariate ordinal logistic
regression models, in which the categories 1-5 were used for
the social participation score, are presented in Table 4.

Study participants with a medium level of education (finished
secondary school, but without higher education except
vocational training) had significantly lower social participation
scores than did the participants with a low level of education
(did not finish secondary school). A higher social participation

score was also associated with more frequent use of the internet,
as well as higher use of internet services.

Pearson correlation coefficients and approximate P values that
compared the social participation score to the TechPH scores
were divided into the factors TechEnthusiasm, TechAnxiety
[21], and eHEALS [38], and were 0.480 (P<.001) for
TechEnthusiasm; –0.159 (P=.003) for TechAnxiety, and 0.372
(P<.001) for eHEALS. Correlations comparing the social
participation score (and its individual question items) to
variables measuring a variety of internet-related quantities are
presented in Table 5. The score is correlated to variables
measuring, for example, whether the participant has been
listening to web radio, participating on social networking sites,
or following news reporting online. The score showed a lower
or no significant correlation with health-related measures and
no correlation with participation in online auctions or usage of
Mobile BankID (Mobile BankID is an electronic identification
solution in Sweden that allows companies, banks, organizations,
and governments agencies to authenticate and conclude
agreements with individuals over the internet).
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Table 4. Distribution of social score among the study participants and associations between social score and independent variables presented as β
coefficients from univariate ordinal logistic regression models.

P valueβ value in ordinal logistic regressionFractions in categories 1-5Distribution, n (mean)Variable

——a16, 21, 25, 23, 16386 (3.05)All

Gender

—Ref catb17, 19, 23, 23, 19186 (3.09)Men

.40−.1515, 22, 27, 24, 13200 (3.01)Women

Age

—Ref cat13, 21, 28, 23, 15195 (3.09)<75 years

.44−.1419, 20, 22, 23, 16191 (3.00)≥75 years

Educationc

—Ref cat11, 22, 22, 20, 24103 (3.24)Low

.01−.5721, 19, 27, 23, 10139 (2.88)Medium

.20−.2915, 22, 23, 24, 15124 (3.04)High

Internet use frequency

—Ref cat39, 30, 11, 14, 744 (2.3)Low

<.0011.3813, 20, 27, 24, 17342 (3.14)High

Use of internet services

—Ref cat42, 22, 15, 16, 555 (2.36)Low

<.0011.1514, 24, 28, 23, 12240 (2.98)Medium

<.0012.275, 11, 23, 29, 3291 (3.64)High

aNot applicable.
bRef cat: reference category.
cEducation was categorized in three groups according to the previous Swedish education system, relevant for the age groups in this study: low, those
who did not finish secondary school; medium, those who finished secondary school but no further education; high, those with some form of higher
education.
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Table 5. Pearson correlations between the social participation score (and its individual question items) to variables measuring a variety of internet-related
quantities.

Health utilities, rEconomic utilities, rActivitiese, rInformationd, rNews and Media, rSocial sitesa, rItem

EMRiWeb

searchh
Buying and

sellingg
Mobile
BankID, and

other IDf

News

sitesc
Web radiob

0.0390.169**0.0460.111*0.179**0.193**0.313**0.258**0.291**I think the internet
makes me feel more
included in society

0.104*0.138**0.0800.0930.168**0.160**0.152**0.207**0.189**I think the internet
helps me to access
meaningful activities

0.102*0.0900.0310.107*0.109*0.196**0.207**0.209**0.366**I think the internet
helps me keep up
my social network

0.0670.0950.038−0.0290.157**0.151**0.204**0.164**0.264**I think the internet
helps me reconnect
to old memories and
events of yesteryear

0.0580.0740.0690.0860.166**0.102*0.199**0.224**0.401**I think the internet
helps me to expand
and create new so-
cial networks

0.110*0.135**0.0490.0570.104*0.103*0.230**0.248**0.266**I think the internet
makes me feel less
isolated

0.0980.140**0.0630.0840.178**0.182**0.262**0.264**0.364**Internet social partic-
ipation score

*Correlation is significant at P<.05 (2-tailed).
**Correlation is significant at P<.01 (2-tailed).
aFull question: Have you participated in social networking sites such as Facebook or Twitter and created a user profile and made posts or chatted?
bFull question: Have you been listening to web radio?
cFull question: Have you been looking at news sites?
dFull question: Have you been looking for information about products or services?
eFull question: Have you been playing or downloading games, pictures, movies or music?
fFull question: Have you been using Mobile BankID or any other electronic identification?
gFull question: Have you been selling goods or services through net auction sites like eBay?
hFull question: Have you been searching for information on diseases or treatments on official or private websites?
iFull question: Have you been looking at your electronic medical records (EMR) via an internet portal?

Discussion

Principal Results
We chose a 1D final factor structure for the social participation
as supported by the scree plot but not entirely by the parallel
analysis. However, in order to make the score user friendly, it
was important to exclude factors with many cross-loadings,
which otherwise would have led to difficulties in interpreting
the underlying constructs. However, the 1D structure for the 6
final questionnaire items was supported by both the scree plot
and the parallel analysis.

In removing the 4 questions (1, 2, 4, and 8), the loss of
information was thought to be limited. By inspection of the
questions, clear similarities can be seen in Questions 4 and 10
(feeling of loneliness and feeling of isolation), Questions 2 and
3 (being informed about society and taking part of society),

Questions 5 and 8 (access to meaningful activities and finding
pleasure and amusement), and Questions 1 and 6 (keeping
contact with friends and family and keeping up my social
network). The goodness-of-fit indices were clearly improved
after the simplification of questionnaire items.

The final instrument was shortened to 6 items in a 1-factor score,
making it easy to use for any survey that measures digital social
participation. It builds on social participation factors and has a
multidimensional construct, incorporating both social relations
and societal connectedness. Also, it focuses on the subjective
feeling of social participation. This universal approach,
unconnected to specific applications or services, suggests that
its use will be able to compare different groups and examine
changes over time.

The proposed digital social participation score showed no
significant association with gender or age among older adults,
thus demonstrating that it has the capacity to serve as a general
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instrument. It complies well with assumptions about internet
use: a higher social participation score is associated with more
frequent use of the internet and higher use of internet services.

In different domains, the score correlates well with social
internet activities and activities that promote social coherence
and correlates poorly with more instrumental activities (eg,
following news reports online or participating on social
networking sites vs participating in online auctions or using
Mobile BankID).

To conclude, we believe the proposed instrument can be used
to measure digital social participation and coherence with
society. The factor analysis is based on a sufficient sample of

the general population of older adults in Sweden, and overall,
the instrument performed as expected.

Whether it can be used to detect differences in outcomes such
as loneliness, depression, or sense of coherence [41] needs to
be shown in further studies. The instrument must also be
validated in different contexts, such as in other populations and
countries.

Limitations
Performing the final CFA on the data set that was used to
redefine the theoretical model by the modification indices
limited the validity of the goodness-of-fit measures. The social
participation score should ideally be confirmed on another data
set in a future study.
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Abstract

Background: In academic research contexts, eHealth interventions for caregivers of people with dementia have shown ample
evidence of effectiveness. However, they are rarely implemented in practice, and much can be learned from their counterparts
(commercial, governmental, or other origins) that are already being used in practice.

Objective: This study aims to examine a sample of case studies of eHealth interventions to support informal caregivers of people
with dementia that are currently used in the Netherlands; to investigate what strategies are used to ensure the desirability, feasibility,
viability, and sustainability of the interventions; and to apply the lessons learned from this practical, commercial implementation
perspective to academically developed eHealth interventions for caregivers of people with dementia.

Methods: In step 1, experts (N=483) in the fields of dementia and eHealth were contacted and asked to recommend interventions
that met the following criteria: delivered via the internet; suitable for informal caregivers of people with dementia; accessible in
the Netherlands, either in Dutch or in English; and used in practice. The contacted experts were academics working on dementia
and psychosocial innovations, industry professionals from eHealth software companies, clinicians, patient organizations, and
people with dementia and their caregivers. In step 2, contact persons from the suggested eHealth interventions participated in a
semistructured telephone interview. The results were analyzed using a multiple case study methodology.

Results: In total, the response rate was 7.5% (36/483), and 21 eHealth interventions for caregivers of people with dementia
were recommended. Furthermore, 43% (9/21) of the interventions met all 4 criteria and were included in the sample for the case
study analysis. Of these 9 interventions, 4 were found to have developed sustainable business models and 5 were implemented
in a more exploratory manner and relied on research grants to varying extents, although some had also developed preliminary
business models.

Conclusions: These findings suggest that the desirability, feasibility, and viability of eHealth interventions for caregivers of
people with dementia are linked to their integration into larger structures, their ownership and support of content internally, their
development of information and communication technology services externally, and their offer of fixed, low pricing. The origin
of the case studies was also important, as eHealth interventions that had originated in an academic research context less reliably
found their way to sustainable implementation. In addition, careful selection of digital transformation strategies, more intersectoral
cooperation, and more funding for implementation and business modeling research are recommended to help future developers
bring eHealth interventions for caregivers of people with dementia into practice.
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Introduction

Background
A recent systematic review [1] showed that very few
evidence-based eHealth interventions for informal caregivers
of people with dementia have been implemented in practice.
eHealth, defined by the World Health Organization as “the use
of information and communication technologies (ICT) for
health” [2], has the potential to help many people living with
physical and mental health issues, including informal caregivers
of people with dementia. Informal care constitutes a significant
part of dementia care [3,4] and can include helping with
household chores, running errands, facilitating social
engagement, and coordinating professional care. In the
Netherlands, it has been estimated that approximately 10% of
the 16 million inhabitants offer some form of informal care [5],
whereas an estimated 320,000 informal caregivers provide care
specifically for people with dementia [6]. However, informal
caregivers have also been shown to experience physical and
psychological complaints as a result of this caregiving process
[7]. Given the fact that the current worldwide prevalence of
dementia (50 million people) is expected to triple by 2050 [8]
and the health care systems’ increasing reliance on informal
care [9], it is important to support these informal caregivers of
people with dementia. Previous research has shown that eHealth
interventions to support these caregivers have been effective in
improving caregiver outcomes, such as self-efficacy,
competence, and knowledge about dementia, and in reducing
depressive symptoms [10-18].

In general, eHealth has many potential benefits compared with
more traditional face-to-face interventions: it is relatively easy
to implement on a larger scale; it has the potential to reach users
from various socioeconomic and demographic backgrounds;
and it can include extensive personalization, instant delivery,
and real-time feedback [19,20]. There is preliminary evidence
that web-based tools might be at least as effective as face-to-face
interventions in delivering psychiatric support [21], although
more research is needed. eHealth as a potential solution to
facilitate access to dementia caregiving support is even more

crucial in the context of the current COVID-19 pandemic. A
recent article in The Lancet on the impact of COVID-19 on
people with dementia and their caregivers advised care
professionals to organize psychoeducation, self-management,
and consultations for dementia caregivers on the web [22]. A
survey of 1000 Dutch caregivers of people with dementia by
Alzheimer Netherlands showed that the COVID-19 pandemic
has resulted in the cancelation of day care services for people
with dementia as well as insufficient professional and social
support. Caregivers mentioned digital contacts, such as video
chatting or WhatsApp messaging, as one of the solutions that
currently helps them the most [23].

Unfortunately, the implementation of eHealth is often
fragmented and short lived and lacks sufficient vision and
strategy [24]. In addition to the eHealth interventions being
developed in an academic research context, there is also eHealth
being developed outside of academia, for instance, by industry
and health care organizations [25], from which much can be
learned to aid the implementation of eHealth interventions for
caregivers of people with dementia originating from the research
context. For the most part, these nonacademic interventions are
not included in the search strategies used in systematic reviews,
as their development and testing are usually not published in
academic journals.

A useful framework to explore the factors that contribute to the
(financial) sustainability of nonacademic interventions is the
Business Model Canvas [26]. The Business Model Canvas is
an established framework intended to aid in the development
and mapping of new and existing business models by
demonstrating the product or service’s value proposition, key
activities, key resources, key partners, cost structure, customer
relationships, distribution channels, and revenue. The Business
Model Canvas has previously been used to map business models
for eHealth interventions [27-29]. Recently, developers grouped
segments of the Business Model Canvas to construct blocks of
desirability, feasibility, and viability [30]. Figure 1 (adapted
from the study by Osterwalder and Pigneur [26]) illustrates how
the 9 elements of the Business Model Canvas can be grouped
into these factors.
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Figure 1. Desirability, feasibility, and viability of the business models.

Objectives
This study aims to explore how lessons learned from
interventions currently being used in practice could aid the
implementation of evidence-based interventions for informal
caregivers of people with dementia. To accomplish this, this
study had 3 aims: (1) to examine a sample of case studies of
eHealth interventions to support informal caregivers of people
with dementia that are currently used in the Netherlands; (2) to
investigate what strategies are used to ensure the desirability,
feasibility, viability, and sustainability of the interventions; and
(3) to formulate lessons learned to facilitate the implementation
of future eHealth interventions.

Methods

Study Design

Step 1: Identifying eHealth Interventions for Caregivers
of People With Dementia

Contacting Experts

First, to acquire a sample of eHealth interventions to support
caregivers of people with dementia that are being used in
practice, experts (N=483) in the fields of eHealth, dementia,
and caregiving were contacted via email.

Inclusion Criteria

The experts were asked to provide the names of interventions
that met the following 4 inclusion criteria: eHealth intervention

(1) delivered via the internet; (2) suitable for informal caregivers
of people with dementia, (3) available in the Netherlands, either
in Dutch or in English; and (4) used in practice. The aim was
to receive recommendations for between 5 and 10 interventions
that met all criteria, as this would achieve data saturation but
still be a small enough number to analyze in depth. The
suggested interventions were not meant to serve as an exhaustive
overview of all available eHealth interventions for caregivers
of people with dementia in the Netherlands. Rather, they are a
sample of this type of intervention, which was defined using a
systematic approach.

Step 2: Qualitative Interviews With eHealth Intervention
Providers
After receiving these recommendations, the researchers reached
out to the interventions’ contact people with an invitation to
participate in a telephone interview about their experiences with
their intervention’s implementation. This study used a multiple
case study methodology for the analysis. This methodology was
chosen for its ability to qualitatively explore complex
phenomena within their contexts and explore differences within,
as well as between, cases [31]. The focus is on collecting
in-depth data from a limited number of cases. To do this, this
study made use of semistructured interviews because of their
fit with the aim of collecting qualitative, open-ended data, using
which it is possible to delve deeply into the thoughts and
opinions of the participants. The semistructured interviews
consisted of 9 questions. The interview guide can be found in
Multimedia Appendix 1. It was constructed by the authors to
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explore the desirability, feasibility, and viability of the included
eHealth cases based on the Business Model Canvas framework
[26]. To do this, the interview guide asks the participants
questions based on each of the 3 main domains. In addition,
data were collected on the description, current use, and business
model of the interventions.

Sample
First, emails with an invitation to provide examples of
interventions meeting the 4 inclusion criteria were sent to a
diverse sample of experts. Experts (n=330) in the academic
field were approached via the INTERDEM mailing list.
INTERDEM is an international research network that focuses
on psychological care for dementia. Second, 4 emails were sent
to experts in the industry (employees of small- and
medium-sized enterprises, which usually consist of <250
employees), 10 emails were sent to representatives from
dementia and caregiver patient organizations, and 4 emails were
sent to clinicians in the field of dementia care (3 psychologists

and 1 psychiatrist). Regarding the significant difference in the
number of emails sent per subsample, the possibility of
approaching researchers via the INTERDEM network
(consisting of 330 mailing list contacts) was associated with a
much lower response rate, as it was a general mailing instead
of a targeted personal mailing. Third, 15 dementia caregivers
were asked to provide examples of interventions that met the 4
inclusion criteria during a dementia client panel meeting at
Maastricht University. The caregivers were part of the
Maastricht University’s dementia client panel. Finally, a notice
was placed on the social media channels (Twitter, Facebook,
and LinkedIn) of the Nederlandse Vereniging voor
Neuropsychologie (NVN; the Dutch Association for
Neuropsychology), which was clicked on 120 times across
channels, according to NVN.

Table 1 provides an overview of the backgrounds of the included
interview participants whose interventions met all 4 criteria and
who could be contacted for an interview (the Results section
provides more details on intervention inclusion).

Table 1. Interview participants’ background.

Background interview participantIntervention nameCase study

AcademiaPartner in Balance1

AcademiaSTAR eLearning2

IndustryOZOverbindzorg3

IndustryCarenzorgt4

Clinic (psychologist)(redacted)5

AcademiaThinkability6

Patient organizationDementieNL (and Myinlife)7

Clinic (psychologist)(redacted)8

AcademiaNachtrust bij Dementie9

Data Collection
First, emails with an invitation to provide examples of
interventions that met the 4 inclusion criteria were sent to a
diverse sample of experts (N=483). Each of these experts was
known to the research team through their own professional
networks. Each email was sent once. A total of 15 dementia
caregivers were asked face-to-face to provide examples during
a dementia client panel meeting at Maastricht University. The
notice on the NVN was placed once.

Once interventions were identified, the providers of these
interventions were interviewed over the telephone. For the 9
included case studies, interview data were collected using the
interview guide in Multimedia Appendix 1. These data were
collected between December 2018 and June 2019. In total, 9
interviews were conducted via telephone and transcribed
verbatim. On average, the interviews lasted for 25 minutes (SD
11.9). Data were also collected on the description, current use,
and business model of the interventions and are represented in
an extraction table (refer to the Results section).

Data Analysis
The data were analyzed using a qualitative, multiple case study
methodology [32]. HLC conducted the initial analysis using the
extraction table and interview transcripts. The first phase of this
analysis involved examining the individual cases to understand
each intervention, its implementation trajectory, and its business
model. Here, the focus was on explanation building [33], where
the narratives from the interviews were combined with the data
from the extraction table to map each sampled intervention in
detail.

The second phase involved comparing cases with each other to
identify common and differential characteristics. To do this, the
interview transcripts were analyzed across cases by assigning
codes (desirability, feasibility, and viability) to respondents’
replies that provided more information on these topics. This
guided an explanation of which characteristics could contribute
to intervention desirability, feasibility, and viability across cases.

In the third phase, the results of this initial analysis were
discussed with HLC, LMMB, HJT, MG, and MEDV in a
consensus meeting, where differences in interpretation were
resolved and external validity was supported. In particular, the
authors discussed the value propositions (ie, the elements of the
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service or product that are intended to make the intervention
more attractive to customers) of the included cases; their
common characteristics in terms of desirability, feasibility, and
viability; and their respective implementation phases and
business models. Finally, a member check (where participants
were sent the interview transcript for approval) [34] served to
support the internal validity of the analysis.

Ethics
This study did not fall under the scope of the Medical Research
Involving Human Subjects Act. Therefore, ethical approval by
Maastricht University’s institutional review board was not
required. The respondents were verbally informed of the purpose
of the study before the interview and gave their consent to the
interview being audio recorded and analyzed anonymously.
However, it was not possible to guarantee total anonymity
because the interventions themselves were discussed by name.
Therefore, it was requested that names of interventions not be
used for case studies 5 and 8. The participants consented to this,
and a member check was conducted. Through this member
check, all participants (including the participants involved in
case studies 5 and 8) approved (in writing) the information in
the transcripts being used in this study (with the exception of
the names of case studies 5 and 8).

Results

Overview
The first section provides an overview of all the interventions
suggested by the contacted experts and describes the included
case studies. In the second section, the following characteristics
of the included case studies are examined: (1) desirability,
feasibility, and viability of the interventions; (2) findings on the
sustainability of their business models; and (3) lessons learned
from the respondents.

Interventions Suggested by Experts

Overview of Interventions
A total of 36 responses were received (14 from researchers, 10
from patient organizations, 3 from industry professionals, 4
from clients, and 5 from clinicians), resulting in a response rate
of 7.5% (36/483). Although this response rate is rather low, it
was deemed well suited for the described purpose of gathering
a limited, nonexhaustive sample of cases to be analyzed in depth
by multiple case study methodology. A total of 21 interventions
were nominated to be part of the sample. Some experts
suggested multiple interventions, whereas others did not suggest
any interventions. Overall, 11 interventions were excluded based
on the 4 criteria described earlier. A final intervention was
excluded because nobody could be contacted for the interview,
resulting in insufficient data for a case study analysis. Figure 2
depicts a flowchart of the case study inclusion.

Figure 2. Flowchart of case study inclusion.

Included Case Studies
In total, 9 interventions met all 4 criteria and could be contacted
for interviews, resulting in their inclusion as case studies. Table

2 provides the names, number of nominations, description, and
current use of the included case studies. DementieNL and
Myinlife are discussed together, as Myinlife has been integrated
into the broader DementieNL platform.
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Table 2. Extraction table.

PricingCurrent use (January
2020)

DescriptionNominationsIntervention nameCase study

€200 (US $243.28) per
caregiver per year

Available on the web
(only in participating
areas)

Web-based intervention to support care-
givers and promote self-management, with
coach (a formal caregiver), for informal
caregivers (academic origin)

5Partner in Balance1

€25 (US $30.41) per caregiv-
er per year

Available on the web
(after approval)

Web-based intervention to improve demen-
tia caregiving skills for both formal and
informal caregivers (academic origin)

1STAR eLearning2

Health insurer and munici-
pality jointly pay €1 (US
$1.22) per user (calculated
over region)

Available on the web
(only in participating
regions or municipali-
ties)

Web-based platform to connect care part-
ners, for informal caregivers to invite for-
mal caregivers (nonacademic origin)

1OZOverbindzorg3

FreeAvailable on the webWeb-based platform to facilitate the orga-
nization of care for people with dementia,
for both formal and informal caregivers
(nonacademic origin)

5Carenzorgt4

Free if the person with de-
mentia is registered with the
care organization (name
redacted), €500 (US
$608.20) for course if not
registered with the care orga-
nization (name redacted),
and currently not accepting
new applicants because of
lack of resources

Available on the webWeb-based intervention to provide tips for
caring for a person with dementia, with a
coach, for both formal and informal care-
givers (partial academic origin)

4{redacted}5

£4.99 (US $7.06) in App
Store and Google Play

AvailableWeb-based cognitive stimulation therapy
intervention to improve quality of life, for
both people with dementia and informal
caregivers (academic origin)

1Thinkability6

FreeAvailable on the webWeb-based platform for dementia care
(included caregiver test, web-based demen-
tia training, and “ask an expert”), for infor-
mal caregivers. Includes Myinlife, a web-
based platform to facilitate the organiza-
tion of care for people with dementia
(partial academic origin)

7DementieNL (and
Myinlife)

7

Free if caregiver is a client
with Innovate (organiza-
tion), otherwise €10 (US
$12.16)

Available on the webWeb-based platform that contains both
internal and external modules informing
about dementia care, for formal and infor-
mal caregivers (partial academic origin)

1{redacted}8

No pricing model (research
project)

Web-based platform,
although coaching not
currently available be-
cause of lack of re-
sources

Web-based intervention to inform about
night-time unrest in a person with demen-
tia and provide nonpharmaceutical tips,
for informal caregivers (academic origin)

1Nachtrust bij Demen-
tie

9

Case Study Characteristics

Strategies Relating to Case Study Desirability,
Feasibility, and Viability

Overview

Table 3 provides an overview of the interview respondents’
answers to the questions about the current desirability,

feasibility, and viability characteristics of their interventions.
The table synthesizes these responses across case studies and
groups them according to the categories of desirability,
feasibility, and viability. The characteristics are first presented
in the table and described in more detail in the following
sections.
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Table 3. Common case study characteristics, as reported in case study interviews.

Nachtrust bij
Dementie

(redacted)DementieNL
(and Myinlife)

Thinkability(redacted)Caren-
zorgt

OZOverbind-
zorg

STAR
eLearning

Partner in
Balance

Common characteristics

Desirability

✓✓✓✓✓aTargeted user is most-
ly caregiver

✓✓✓✓✓✓✓✓✓Low price (see Table
2 for prices)

✓✓✓✓✓✓✓✓Incorporated into
larger systems

✓✓✓✓✓✓✓✓Up-to-date content

✓✓✓✓✓✓Community creation

Feasibility

✓✓✓✓✓✓✓✓Self-ownership of
content

✓✓✓✓✓✓✓✓✓Information and com-
munication technolo-
gy platform supplied
by third party

✓✓✓✓✓✓✓✓✓Helpdesk and imple-
mentation support ser-
vices supplied internal-
ly

✓✓✓✓✓✓✓Limited internal mar-
keting capabilities

Viability

✓✓Variable price for dif-
ferent packages of
services, for a fixed
amount of time, for
caregivers, for health
care organizations,
and for municipalities
and health insurers

✓✓✓✓Fixed price for access
to information and
services

✓✓Increasing the attrac-
tiveness of a larger
health care platform

✓✓Supplying information
and services at no cost

aCharacteristic present in the case study.

Desirability

The interventions included as case studies were targeted at
informal caregivers of people with dementia. However, many
case studies have also decided to target formal care by
developing aspects of their platforms for health care
professionals:

Well you notice that there is a lot of demand from
health care professionals. So people say “Gosh, we
find this interesting” and recommend it to their
clients, to know what is going on and what they are
getting, before they give advice about which modules

exist. It should be used that way. That the caregiver
can initiate, but also the health care professional,
and they both have need of that knowledge.
[Respondent case study 5]

Interestingly, even in blended interventions where the guidance
of a health care professional is necessary, the eHealth platform
was not targeted at these care professionals. In all cases, there
remained a primary focus on the needs of informal caregivers.
Next, a common characteristic was the overall relatively low
pricing of eHealth (Table 2). The eHealth platform was often
also incorporated in larger systems. These could be web-based
platforms, such as Carenzorgt (Nedap) and case study 6
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(redacted), or offline systems, such as DementieNL and Myinlife
(Alzheimer Netherlands) and STAR eLearning (Dementia
Meeting Centres):

I think an advantage of our situation at the university
is that we have a national network of meeting centres.
There are already 160 of them in the Netherlands,
which come together once a year, where we inform
them about all kinds of interesting developments for
them, also the STAR course. [Respondent STAR]

This integration significantly increased the visibility of the case
study and provided a supportive structure. All case studies
mentioned the time and effort needed to keep eHealth content
relevant and up-to-date as a significant but necessary drain on
resources. Finally, many case studies have emphasized the
importance of creating a community around the eHealth
intervention. These communities were places where caregivers
could contact each other and share experiences about the eHealth
intervention and dementia caregiving in general. These
communities sometimes took place on a designated forum on
the intervention website or via social media channels, such as
a closed Facebook group.

Feasibility

Most of the cases were developed by groups with specific
expertise in dementia and caregiving. Most of the studied cases
chose to develop the content themselves (and hence owned this
content) while hiring an external party to help build and maintain
the web-based platform. Often, it was the expertise party who
ran a helpdesk and support service for users, forwarding
technical questions to the hired software party. In this case,
these support tasks were either part of a research position at a
university or on a volunteer basis. Most of the studied cases
were limited in terms of marketing. In general, their aim seemed
to be to sustain eHealth rather than scale it up:

So when regions report that this sounds good, they
also want this, then we start. But we do not actively
search for regions where we can implement
OZOverbindzorg. We do not think that is societally
appropriate. So no, they come to ask us. [Respondent
OZOverbindzorg]

This is because none of the cases aimed to make a profit.
Payment was mentioned as a barrier multiple times, with
respondents warning that setting up a secure payment system
takes considerable time and effort and that their older

demographic is not always comfortable with solutions such as
PayPal.

Viability

In total, 4 different types of viability strategies were observed
in 9 cases. Most interventions (Partner in Balance, STAR
eLearning, OZOverbindzorg, and case study 6) opted to vary
their prices for different subscription packages of services. They
did this in terms of both content and volume. Other case studies
(such as Thinkability) offered their eHealth interventions on
the web for a fixed price, after which the buyer had access to
the service indefinitely. Indeed, in this sample, Thinkability is
the only intervention whose cost structure was centered around
direct download from the internet by the caregiver, without
mediation by an existing health care system. STAR eLearning
and the case study 6 modules are also available for the caregiver
to access without a health care organization, although these
modules are at least partly integrated into existing dementia
care systems, such as dementia meeting centers and a care
organization, respectively. Finally, some cases, such as
Carenzorgt and DementieNL (and Myinlife), made no revenue
but instead increased the attractiveness of a larger health care
platform or organization:

We mainly make software for health care institutions,
especially in elderly care and disabled care and a bit
in mental health care. Nine years ago, we thought it
was important to involve the client’s family in the
process. This also helps health care professionals do
better. So we said, we will make this platform. We
think it’s important for the entire infrastructure that
we have this and offer it for free. [Respondent
Carenzorgt]

Finally, other case studies (such as DementieNL and Myinlife)
existed to supply information and services at no cost to
caregivers and were financed in large part through sponsorships.

Sustainability of Business Models
It was clear that although all the case studies were included
because of their use in practice, the levels of use varied strongly.
Table 4 lists the implementation phases and business models
of the included case studies. The descriptions of these business
models as well as the implementation phase of the intervention
are based on the responses of the interview participants during
the case study interviews. The descriptions also contain
information on how the interventions are financed (in brackets).
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Table 4. Implementation phase and business models of the case studies.

Business modelsImplementation of case studies

Sustainable implementation

Subscription (paid by municipalities and health insurers)OZOverbindzorg

Incentive (free to increase attractiveness of the larger platform)Carenzorgt

Subscription (paid individually by the caregiver or in bulk by the organization, with varying options)STAR eLearning

Sponsorship (free through sponsor support to Alzheimer Netherlands)DementieNL (and Myinlife)

Developing implementation

Grants, with a plan for subscription model (paid by municipalities and organizations)Partner in Balance

Combination of fixed price and grants (one-time download from App Store and Google Play)Thinkability

Combination of fixed price and grants (paid individually by the caregiver or in bulk by the organization, with
varying options) for nonorganization members, free if organization member

Case study 6

Fixed cost (paid individually by the caregiver or in bulk by the organization, with varying options) for nonorga-
nization members, free if organization member

Case study 5

Grants (research project)Nachtrust bij Dementie

Lessons From Respondents
During the interviews, respondents from each case study were
asked to formulate recommendations for future eHealth

developers based on their experiences in bringing eHealth for
dementia caregivers into practice. Textbox 1 lists the lessons
learned, as reported by the case study interviews.

Textbox 1. Lessons learned by respondents.

• Make use of an innovation consortium by involving health care providers, financers, users, and technical developers in every phase of development

• Provide a good fit with the intervention’s implementation context

• Ensure long-lasting marketing

• Start implementing and learning, rather than waiting and perfecting designs. In other words, start small and develop the interventions further
based on user feedback

• Bigger implementation budgets are crucial

• Commercial collaboration is a big help (eg, marketing firms, information and communication technology companies, and sales and legal experts)

• Health insurer collaboration is beneficial to sustainable implementation through its potential to determine priorities and develop relevant and
sustainable interventions

• Involve users in the whole process as much as possible, for example, through co-design and cocreation

Discussion

Principal Findings
This study identified a sample of 9 case studies on the
implementation, use, and development of eHealth interventions
for caregivers of people with dementia that are currently used
in practice in the Netherlands. The main findings from
interviews with representatives of these interventions showed
that 4 cases were found to have developed sustainable business
models (ie, business models that generate revenue for the upkeep
and development of the intervention in the future). Overall, 5
cases were implemented in a more exploratory manner and
relied on research grants to varying extents, although some had
also developed preliminary business models. These findings
have led to the following recommendations for the design, the
implementing team, and the suggested implementation strategies
of a core business model to help achieve the long-term
implementation of eHealth interventions for caregivers of people
with dementia.

Design of eHealth Business Models
First, the design of the proposed core business model is based
on the desirability, feasibility, and viability characteristics of
the case studies. The first key element of this design concerns
its desirability, specifically by incorporating eHealth
interventions into larger, pre-existing health care contexts. The
case study interview respondents mentioned that the fit of the
interventions with existing organizational goals and contexts
was an important part of intervention desirability, separately
from any financial considerations. This is in line with previous
studies on the implementation of eHealth interventions in other
populations [35-37]. Indeed, contextual integration is an
important part of many established implementation frameworks,
including the Consolidated Framework for Implementation
Research [38], Normalization Process Theory [39], and Open
Innovation Theory [40].

The second key element of the proposed design concerns the
similarities in the feasibility characteristics of the interventions.
The case studies tend to supply the dementia-specific content
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and helpdesk of the eHealth internally, whereas ICT and
software services are outsourced to an external party that does
not own the content. In other words, the execution of these
ICT-related key activities is shifted to key partners. Previous
research has discussed the frequent outsourcing of services in
ICT [41] and emphasized the importance of trust between
involved parties in constructing these types of business models
in eHealth [42]. These studies recommend knowledge sharing
experiences between the involved parties to foster trust, which
has been shown to help attain the benefits of outsourcing.

Finally, the third key element of the proposed core model’s
design pertains to its viability. A prevalent, sustainable cost
structure is a fixed price for access to the intervention’s
information or services, which is paid by health care
organizations. Another viable option for sustainability is
integration into a larger platform that sponsors the eHealth
intervention, so no cost is charged from the caregiver. Again,
it is clear that when considering the viability of these business
models, viewing the intervention within its health care context
can facilitate its sustainable implementation [28]. This pertains
to both the desirability of the intervention through its contextual
fit and its financial viability through its use of revenue structures
already in place. A good example of the successful application
of these 3 core model elements is OZOverbindzorg, which
makes use of fixed price, low cost, and equal buy-ins from
collaborations between health insurers and municipalities per
participating region. This is in line with the principles discussed
in previous research, namely, that costs and benefits should be
balanced between parties in eHealth, and one party should not
disproportionally benefit from something that is financed by
the other party [43]. Here, the benefits are shared between the
care organizations and community well-being; therefore, it is
fair that both equally contribute to the costs.

Implementing Team
Next, the main finding of this study concerns the question of
who is implementing these interventions. In this study, case
studies that did not originate in an academic research context
more successfully achieved sustainable implementation,
compared with the case studies that originated in an academic
research context. There is a noticeable absence of eHealth
interventions that originated as research projects in the
identified, sustainable financing models used in practice. Indeed,
most academic interventions are constrained by expiring funding
[44], and integration within existing structures is crucial. In this

regard, this research underscores the need for more
implementation funding and research into the business modeling
of evidence-based eHealth interventions [45,46].

In addition, more traditional research methods such as
randomized controlled trials are not time efficient or resource
efficient and can impede researchers from reaching this
implementation stage [47]. The use of alternative, more flexible
research designs, with faster iteration and earlier consideration
of implementation determinants, could also help overcome this
barrier [48]. The benefits of sustainably implementing these
academically developed eHealth interventions for caregivers of
people with dementia include avoiding squandering public
money on failed implementations, better allocation of research
resources, and realizing the anticipated benefits for intended
users [49].

eHealth Implementation Strategy
Finally, an important question is, “Which strategies can help
bring the proposed core business model into practice, and keep
it in practice?” Here, it may be useful to gain inspiration from
business. For instance, digital transformation strategies are a
key part of bringing business models into practice by
coordinating and prioritizing the many different aspects of
digital transformation [50]. Previous research on digital
transformation strategies has pointed to the importance of
community creation in generating revenue through freemium
business models [51]. A freemium business model involves
“offering a basic version of the product or service free of charge,
while the premium version is made available against additional
payment” [52]. Community creation refers to forming and
maintaining a community of intervention users who are in
contact with each other through the intervention.

Although there was no clear example of a freemium business
model in this sample, community creation was an important
part of many of the included case studies, even more so among
those grouped in the sustainable implementation category.
Future research could test the proposed core model for external
validity and investigate the effectiveness of community creation
as part of a digital implementation strategy to increase the
sustainability of eHealth interventions for caregivers of people
with dementia. Here too, alternative, flexible research designs
offer possibilities for comparing and evaluating innovative
implementation strategies [53]. Figure 3 depicts the proposed
core business model.
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Figure 3. Success factors of the eHealth interventions for caregivers of people with dementia.

Strengths and Limitations
This study helps alleviate a significant problem in the field of
eHealth interventions for caregivers of people with dementia:
a lack of information on financially viable, long-term
implementation trajectories. By taking an intersectoral
perspective and learning from interventions already being used
in practice, this research is broader than most studies, which
are often limited to studying interventions developed in an
academic research context. This approach made use of a
systematic method to select interventions for case studies based
on expert opinion and predefined criteria. Finally, it is important
to note the timeliness of this study. It is fair to say that in the
context of the COVID-19 pandemic, there is a greater need than
ever to provide caregivers of people with dementia with good
web-based support options. The findings of this study provide
concrete implementation lessons to aid eHealth developers who
wish to implement and scale up eHealth interventions to support
caregivers of people with dementia at a distance.

This study has several limitations. First, there is a possibility
of selection bias, as the definition of this sample required
responses from the authors’ own dementia and eHealth
networks. As a result, the first possible bias is toward experts
from academia, who are overrepresented in this sample. Second,
there is likely a higher than average degree of sample familiarity
with the authors’ own interventions, Partner in Balance and
Myinlife, as the contacted experts belong to the same networks
(such as INTERDEM) and are often exposed to other members’
research. Moreover, the authors acknowledge the potential bias
in reporting the results concerning Myinlife and Partner in
Balance, as they were involved in their development and
evaluation. Third, it is likely that more interventions originating
from the Southern Netherlands were included (as this is where
the authors’ research group is based), whereas interventions
from elsewhere in the Netherlands remained underrepresented.
A second limitation concerns the potential self-report bias of
the included case study respondents to emphasize positive

aspects of their own interventions and minimize difficulties in
the responses about their learned lessons. A final limitation
concerns the fact that this study did not guarantee respondents’
total anonymity; because interventions would be referred to by
name (unless respondents explicitly requested otherwise, as in
case studies 5 and 8), the intervention could conceivably be
linked to one of a few possible intervention respondents. This
was discussed before the interview and agreed to by the
respondents, who also provided a member check, approving the
interview transcript. This lack of total anonymity could have
impeded respondents from discussing more sensitive
implementation topics candidly, out of fear of (social)
repercussions from collaborators. Another possible consequence
of this lack of anonymity is that the eHealth contact persons
might not have wanted to share important details of their
business plans to remain competitive.

Conclusions
Case studies that did not originate from an academic research
context seemed to achieve more sustainability, whereas case
studies from academic research contexts experienced barriers
to financial independence from research grants. Examining the
common and differential characteristics of these case studies
resulted in the proposal of a core business model for eHealth
interventions for caregivers of people with dementia, derived
from a sample of case studies currently being used in practice.
This proposed core business model suggests increasing
desirability, feasibility, and viability by integrating into larger
structures; owning and supporting content internally while
developing ICT services externally; and offering fixed, low-level
pricing. Together with the origin of the case studies, these
elements contributed to the sustainability of case studies. Finally,
targeted digital transformation strategies, more intersectoral
cooperation, and more financial incentives for research on
sustainable business models are recommended to help future
developers bring eHealth interventions for caregivers of people
with dementia into practice.
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Abstract

Background: The COVID-19 pandemic poses a challenge to people’s day-to-day functioning and emotional and physical
health, especially among older adults.

Objective: The aim of this study is to analyze gender differences in state anxiety, daily functional self-actualization, and
functional cognition as well as the relationships among those factors in older adults during the COVID-19 pandemic lockdown.

Methods: We collected data on the web from a sample of 204 people (102 men and 102 women) aged 60 years and older. In
addition to a demographic questionnaire, we used the State-Trait Personality Inventory to assess state anxiety, the Daily Functional
Actualization questionnaire to evaluate daily functional self-actualization, and the Daily Living Questionnaire to measure functional
cognition.

Results: Significant gender differences were found for state anxiety (t202=−2.36, P=.02); daily functional self-actualization
(t202=2.15, P=.03); and the functional cognition components: complex tasks (Z=−3.07, P=.002); cognitive symptoms that might
be interfering (Z=−2.15, P=.028); executive functions (Z=−2.21, P=.024); and executive function monitoring (Z=−2.21, P=.027).
Significant medium correlations were found between both state anxiety level and daily functional self-actualization (r=−0.62,
P<.001) and functional cognition (r=0.37-0.40, P<.001). Gender predicted 3% of the variance in state anxiety level, while daily
functional self-actualization predicted 41% and complex activities (Daily Living Questionnaire) predicted an additional 3%
(F3,200=58.01, P<.001).

Conclusions: In older adults, anxiety is associated with cognitive decline, which may harm daily functional abilities and lead
to social isolation, loneliness, and decreased well-being. Self-awareness and knowledge of gender differences and relationships
between common available resources of daily functional self-actualization and functional cognition with anxiety may be
strengthening factors in crisis periods such as the COVID-19 pandemic.

(JMIR Aging 2021;4(2):e25876)   doi:10.2196/25876

KEYWORDS

COVID-19; coronavirus; anxiety; cognition; aging; eHealth; online data

Introduction

Background
The COVID-19 pandemic poses a challenge to people's
day-to-day functioning and constitutes a meaningful factor

related to their emotional and physical health [1,2]. Expansion
of the disease, reports of illness and death, and social isolation,
especially during lockdown, may lead people to feel sadness,
depression, and anxiety and to decrease their daily functioning
[3,4]. Among older adults, this situation is especially worrisome.
Anxiety disorders and symptoms have been found to be the
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most widespread mental disorders among this population, even
when not in crisis periods. Further, such disorders and symptoms
may worsen physical resistance and disease in older adults [5,6].

Within the literature, some studies have focused specifically on
mental health of older adults during the COVID-19 pandemic
crisis. These studies evidenced increased depression symptoms
and anxiety stress among older persons, with higher levels of
distress found among women [7-9]. For example, approximately
12% of 7127 older adults in a survey conducted in the United
Kingdom from May to July 2020 reported feeling worse
depression and anxiety levels during the COVID-19 lockdown;
of those reporting worse depression and anxiety, 17% were
women, while only 7.8% were men [7]. Gustavsson and
Beckman [9] reported significantly higher frequency of
decreased mental health among older women than among men
of the same ages, such as feeling bad due to isolation,
experiencing worries (about health, the economic situation, and
implications to society), having sleeping problems, and feeling
depressed. Casagrande et al [8] and Robb et al [7] summarized
that older women had increased risk for higher levels of distress
and anxiety compared to older men.

Although these findings described the mental health status of
older adults during the COVID-19 pandemic, there remains a
general lack of literature about gender-related relationships
between mental health, specifically anxiety levels and daily
function characteristics. In routine periods, interrelationships
were described between satisfying daily function and cognitive
functioning with aging well and lower anxiety levels among
older persons [10-12]. Older people who were active, satisfied
with their daily function, and had no cognitive limitations
interrupting their daily function achieved better mental health,
including the lowest anxiety [11]. On the other hand, studies
found associations among older adults between declined or
unsatisfactory functional abilities loss of control and decreased
physical and mental health [13]. Because gender differences
were reported as prominent in mood and anxiety disorders [14],
this factor must be considered when analyzing daily function
as it relates to anxiety.

Crisis periods especially increase the importance of discovering
mechanisms that enable people to maintain or achieve good,
durable mental health. Thus, this study focuses on analyzing
state anxiety as it relates to two further concepts that reflect
older adults’ daily functioning: (1) daily functional
self-actualization and (2) functional cognition. State anxiety is
defined as a temporary emotion characterized by feelings of
tension and increased autonomic nervous system functions in
situations experienced as a threat and that continues as long as
the situation is interpreted to be a threat [15]. Teixeira et al [16]
reported higher levels of state anxiety among women ages 62-93
in routine times (eg, not during crises such as the COVID-19
pandemic) than among men of the same ages.

Maslow [17] described self-actualization in his 1954 hierarchical
motivation theory as individuals’ expression of their full
potential and desire for self-fulfillment. His growth-focused
actualization model emphasized individual strengths towards a
growth-oriented approach rather than a pathology-oriented
approach focused on individuals’deficiencies [18]. In this study,

we consolidated the Maslow self-actualization theory [17] with
concepts of daily functional self-actualization based on the
World Health Organization (WHO) International Classification
of Functioning, Disability, and Health (ICF) concepts [19]. The
WHO established the ICF as a model of health and disease
management linking health-related issues with individuals’
capacities, daily activity performance, and participation and
environmental factors. Health-related issues include physical
and psychological conditions that affect a person's daily
functional abilities and vice versa. Thus, satisfying daily
functioning can lead to improved sense of control, homeostasis,
and better health [20]. Combining Maslow's self-actualization
theory with the ICF classification concepts and further literature
(eg, [21,22]) enabled us to assume that if individuals are satisfied
with their daily doing (activities and participation as related to
their environmental expectations [19]) and feelings of mastery
and competence while achieving their full potential [17], then
they may feel less anxiety due to loss of life control and more
self-fulfilled despite the COVID-19 crisis. Thus,
self-actualization related to daily doing—that is, daily functional
self-actualization—may be a source of strength for older adults
during crises. However, as far as we know, no previous study
has reported gender differences related to this concept, likely
due to the absence of a practical standardized instrument to
measure them. Consequently, although previous results indicated
significant relationships between either daily functional abilities
or individuals’ self-fulfillment and health and well-being (eg,
[21,22]), relationships between daily functional self-actualization
and state anxiety among older people have not been studied, or
at least have not been reported.

A further aspect analyzed in the current study in the context of
searching for strengthening factors is functional cognition.
Functional cognition refers to the application of cognitive skills
to self-care and community living. Life consists of a process of
daily cognitive problem-solving requirements that are essential
to efficiently accomplish daily activities. Efficient performance
can engender feelings of daily occupational satisfaction [23].
The cognitive ability to perform routine tasks and complex
everyday activities entails functional cognition [24]; thus,
functional cognition is properly evaluated in the context of
actual task performance. It includes individuals’ capacity to
perform tasks and considers their abilities as a whole, including
habits, routines, and environmental resources [24].

Beyond the differences related to anxiety that prior studies have
reported, our review of the literature revealed that gender
differences in daily functional self-actualization or in functional
cognition have not been described among older adults during
crisis periods.

Research Aims
Considering the possible implications of daily functional
self-actualization on anxiety and health, recognizing gender
differences and understanding relationships among these
concepts may supply insight into each gender’s unique needs.
This may then provide opportunities to improve both older
adults’well-being in crisis periods and stakeholders’awareness.
As such, this study aimed to analyze gender differences related
to state anxiety, daily functional self-actualization, and

JMIR Aging 2021 | vol. 4 | iss. 2 |e25876 | p.118https://aging.jmir.org/2021/2/e25876
(page number not for citation purposes)

Rosenblum & Cohen ElimelechJMIR AGING

XSL•FO
RenderX

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


functional cognition, as well as the relationships among those
factors, in older adults during the COVID-19 pandemic
lockdown. We hypothesized that (1) significant gender
differences would be found in state anxiety, daily functional
self-actualization, and functional cognition; (2) significant
correlations would be found among state anxiety, daily
functional self-actualization, and functional cognition for the
entire sample; and (3) gender, daily functional self-actualization,
and functional cognition would predict state anxiety for the
entire sample.

Methods

Participants and Procedure
The data were collected from 204 people (102 men and 102
women) aged 60 years and older between September 20 and
October 10, 2020—a period when the respondents were in
lockdown due to the COVID-19 pandemic. The data were
gathered using an Israeli survey company, Panel4, that
specializes in recruiting and incentivizing participants for
web-based research (eg, in exchange for gift certificates). Panel4
can provide 400,000 panel members recruited via advertisements
on Google, Facebook, and other popular websites, thus
representing the adult population in Israel for web-based
research. Ours was a sample of those panelists who chose to
participate in response to our call distributed by the company
among their members. Participants completed a demographic
questionnaire and the instruments detailed in the following
sections anonymously and independently on the web (via a link
to the Qualtrics platform).

Instruments

State Anxiety: State-Trait Personality Inventory
State anxiety was measured by the State-Trait Personality
Inventory (STPI) [25], a 10-item inventory that assesses the

respondent’s specific pattern of emotions, such as anxiety, anger,
depression, and curiosity. Participants rate their present
agreement with the items on a 5-point Likert-type scale from 1
(not at all) to 5 (very much). Higher scores indicate greater state
anxiety (CD Spielberger, G Jacobs, R Crane, et al, 1979,
Preliminary manual for the State-Trait Personality Inventory
(STPI), University of South Florida, unpublished manuscript).
In this study, the STPI internal consistency was high (.71),
which is consistent with previous studies [5,25]. Moreover, the
STPI has been found to have good reliability and validity among
older adults [26].

Daily Functional Self-Actualization Questionnaire
The Daily Functional Self-Actualization Questionnaire
(DailyFA) was developed by the authors within a short time in
response to the need to measure daily self-actualization during
the COVID-19 lockdown period. Based on the Maslow theory
[17], the ICF concepts [19], and the first author’s rich clinical
experience, results of studies among the aging population (eg,
[20,27-29]) and development of 11 assessment tools, the first
author chose 10 items for the questionnaire. These items as
derived from both the ICF [19] and Maslow theory [17] (see
Figure 1) related to physical and emotional health, sense of
control over life, satisfaction from daily doing, self-fulfillment,
environmental factors, and quality of life. Content and face
validity were established based on literature reports about
self-actualization and daily function. Expert validity was further
established by four occupational therapy researchers, who agreed
that the items are appropriate to cover the construct of daily
functional self-actualization and that each item was clearly
articulated. Participants rated their fulfillment or satisfaction
with each item on a 10-point scale from 1 (not good at all) to
10 (very good). The DailyFA indicated a high level of internal
consistency (α=.94) in this study.
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Figure 1. The 10 items of the Daily Functional Actualization questionnaire, derived from both the International Classification of Functioning, Disability,
and Health [19] and Maslow’s theoretical concepts [17].

Functional Cognition: Daily Living Questionnaire
In this study, we measured functional cognition using the
self-report Daily Living Questionnaire (DLQ), which relates to
cognitive difficulties in activities and participation as well as
to cognitive components such as memory, executive functions,
and executive function monitoring [27]. The DLQ assesses
everyday difficulties in activities and participation tied with
higher level cognitive deficiency. It includes 51 daily activities
within 2 domains. The first domain, Part A (28 items), relates
to activities and participation and consists of 4 factors:
household tasks, activities involving language/comprehension,
community/participation, and complex tasks. The second
domain, Part B (24 items), relates to cognitive symptoms or
impairments and consists of 3 factors: executive function,
memory, and executive function monitoring. Using a 4-point
Likert-type scale from 1 (no mental or cognitive difficulty) to
4 (unable to complete), respondents rate their level of mental
or cognitive difficulty when performing activities. The DLQ
content and face validity were established, and it was found to
have an acceptable internal consistency for both parts.
Furthermore, validity has been demonstrated by distinctions
between age groups and between participants with multiple
sclerosis and controls [20]. The internal consistency for this
study was high for all 52 items (α=.94) and for each part
separately (α=.87 for Part A; α=.94 for Part B).

Data Analysis
Descriptive statistics were used to describe the sample. The
demographic gender variables (woman and man) were compared

using chi-square tests, t tests for independent variables, and
Mann-Whitney tests. Between-group differences in state anxiety,
daily functional self-actualization, and functional cognition
were examined using t tests for independent variables and
Mann-Whitney tests. To examine the prediction of state anxiety
by gender, daily functional self-actualization (DailyFA mean
score), and functional cognition (DLQ factors), we conducted
stepwise regressions, with gender inserted at the first phase and
DailyFA and DLQ variables afterward.

Results

Sociodemographic Characteristics
The sample included 204 Jewish adults living in Israel. Most
spoke Hebrew (94/102 women, 92.2%; 96/102 men, 94.1%)
and lived in a city (94/102 women, 92%; 84/102 men, 82%).
As presented in Table 1, the participants’ sociodemographic
characteristics indicated no significant gender differences for
age, years of education, place of birth, main language spoken,
place of residence, or religious affinity. However, significantly
fewer female than male participants were married (with or
without children) or were retired. No significant correlations
were found between marital status or being retirement and any
of the main research variable scores (eg, state anxiety, daily
functional self-actualization, or functional cognition factors).
Thus, those sociodemographic characteristics were not retained
as covariates in the later gender-comparison analyses.
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Table 1. Participants’ sociodemographic characteristics by gender (N=204).

P valueχ2 (df)Men (n=102)Women (n=102)Sociodemographic characteristic

.740.33a (202)69.28 (0.59)69.01 (0.58)Age (years), mean (SD)

.930.09 (201.69)13.69 (0.42)13.6 (0.44)Education (years), mean (SD)

.32−0.98b10.64 (9.15)11.28 (7.57)Years since retirement, mean (SD)

.179.05 (6)Place of birth, n (%)

63 (61.8)72 (70.6)Israel

19 (18.4)8 (7.8)Europe

1 (1.0)1 (1.0)United States

1 (1.0)6 (5.8)Asia

5 (4.9)5 (4.9)Africa

8 (7.8)6 (5.8)Former Soviet Union

5 (4.9)4 (3.9)Other

<.00125.27 (4)Marital status, n (%)

5 (4.9)5 (4.9)Single

8 (7.8)28 (27.5)Separated or divorced

88 (69.2)59 (42.2)Married with or without children

1 (1.0)10 (9.8)Widowed

.135.65 (3)Religious affinity, n (%)

71 (69.9)75 (73.5)Secular

9 (8.8)2 (2.0)Religious

0 (0)1 (1.0)Ultra-orthodox

22 (21.6)24 (23.5)Traditional

.092.82 (1)Employment status, n (%)

58 (56.9)46 (45.1)Usually working

44 (43.1)56 (54.9)Not usually working

.016.72 (1)Retirement, n (%)

48 (47.1)30 (29.4)Yes

54 (52.9)72 (70.6)No

at test.
bMann-Whitney test.

Gender Differences: Hypothesis 1

State Anxiety
Independent t tests showed significant group differences for
state anxiety based on STPI score. The female participants had
significantly higher mean state anxiety scores than the male
participants (female: mean 24.98, SD 7.98; male: mean 22.44,
SD 7.31; t202=−2.36, P=.02).

Daily Functional Self-Actualization
Independent t tests revealed that during the COVID-19 crisis
period, the female participants had significantly lower mean
DailyFA scores than the male participants (female: mean 6.06,
SD 1.96; male: mean 6.64, SD 1.94; t202=2.15, P=.03), indicating
lower daily functional self-actualization for the women. The
means and standard deviations for each DailyFA item are
presented in Table 2.
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Table 2. Gender comparison of means and standard deviations of the DailyFA questionnaire items and final mean scores.

Score, mean (SD)DailyFAa item

Men (n=102)Women (n=102)

7.06 (1.94)7.37 (2.13)1. Satisfied with physical health

6.70 (2.63)6.01 (2.85)2. Self-actualization in work/academy

6.83 (2.36)6.58 (2.90)3. Satisfies the ability to perform what ought to do

5.71 (2.51)5.51 (2.55)4. Satisfies the ability to perform what you wish to do

6.74 (2.09)6.01 (2.19)5. Quality of life

6.47 (2.51)5.82 (2.42)6. A sense of control over your life

5.85 (2.65)5.10 (2.53)7. Self-fulfillment

6.27 (2.51)5.67 (2.52)8. Physical environmental resources enabling desired doing

6.58 (2.42)5.95 (2.61)9. Human environmental resources enabling desired doing

6.97 (2.07)6.24 (2.50)10. Mood in routine

6.65 (1.94)6.03 (1.97)Total mean score

aDaily FA: Daily Functional Actualization questionnaire.

Functional Cognition
As presented in Table 3, the Mann-Whitney analysis showed
that women reported significantly more cognitive difficulties
while performing both community-related and complex tasks.

They also reported higher cognitive symptoms that might be
interfering with daily performance on the whole DLQ, on the
Part B score, and on each of its components (executive function,
memory, and executive function monitoring).

Table 3. Gender comparison of the mean scores and standard deviations of the DLQ factors.

P valueZScore, mean (SD)DLQa factor

Men (n=102)Women (n=102)

.43−8.131.54 (0.52)1.56 (0.46)Part A: Activities and participation

.11−1.661.46 (0.57)1.29 (0.38)1. Household task

.45−0.761.52 (0.62)1.54 (0.54)2. Activities involving language/comprehension

.35−1.011.69 (0.61)1.75 (0.71)3. Community/participation

.002−3.071.49 (0.61)1.74 (0.71)4. Complex task

.03−2.151.41 (0.49)1.54 (0.52)Part B: Cognitive symptoms that might be interfering

.02−2.211.47 (0.56)1.62 (0.58)1. Executive function

.08−1.651.44 (0.64)1.43 (0.55)2. Memory

.03−2.211.33 (0.45)1.46 (0.52)3. Executive function monitoring

aDLQ: Daily Living Questionnaire.

Correlations: Hypothesis 2
Spearman correlations yielded significant correlations between
state anxiety and both the daily functional self-actualization
score on the DailyFA (r=−0.62) and some functional cognition
factors on the DLQ (complex task: r=0.37; executive function:
r=0.37; and executive function monitoring: r=0.40), with P
values of <.001 for all 4 variables.

Predictors of State Anxiety: Hypothesis 3
Tables 4 and 5 present the stepwise regression analysis, which
indicates that gender contributed 3% to anxiety prediction. Daily
functional self-actualization accounted for 41% of anxiety
prediction, and the functional cognition subscale, complex
activities, accounted for an additional 3%. Thus, 47% of the
state anxiety variability was predicted by gender, daily
functional self-actualization, and complex activities
(F3,200=58.01, P<.001).
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Table 4. Predicting state anxiety from gender, daily functional self-actualization, and functional cognition.

Model 3Model 2Model 1Value

P valueβB (SE)P valueβB (SE)P valueβB (SE)

.41.040.67 (0.82).21b.071.03 (0.82).02.162.59 (1.07)Gendera

<.001–.60–2.33 (0.22)<.001–.65–2.55 (0.21)N/AN/AN/ADaily functional actualization (DailyFA)c

.002.171.98 (0.64)N/AN/AN/AN/AN/AN/AComplex activities (DLQ)d

aGender 1=female.
bN/A: not applicable.
cDFA: Daily Functional Actualization questionnaire.
dDLQ: Daily Living Questionnaire.

Table 5. F and R values of the statistical analysis predicting state anxiety from gender, daily functional self-actualization, and functional cognition.

Model 3Model 2Model 1Value

9.57c148.09b5.57aF change

0.47 (0.46)0.44 (0.43)0.03 (0.02)R2 (adjusted R2)

0.030.410.03R2 change

aP=.02
bP<.001.
cP=.002

Discussion

Principal Results
This study aimed to evaluate gender differences related to the
state anxiety, daily functional self-actualization, and functional
cognition of older adults during the COVID-19 lockdown period
and to search for relationships among those factors. The results
show significant gender differences in all three areas and
significant correlations between state anxiety and both daily
functional self-actualization and some functional cognition
components. Further, 47% of the state anxiety variability was
predicted by gender (3%) and both daily functional
self-actualization (41%) and the complex activities subscale of
the DLQ measuring functional cognition (3%).

Gender Differences
Anxiety is associated with cognitive decline and may harm daily
functional abilities, which in turn can lead to loneliness and
decreased well-being [5,30]. The results show significantly
higher state anxiety levels among women during the pandemic
period. These findings are supported by previous studies
conducted in the United Kingdom [7], Italy [8], and Sweden
[9], which presented significantly more negative
feelings—including anxiety—among women than among men.
Similarly, the significant gender differences found in daily
self-actualization, which represents people's resources and
feelings related to their daily function, are supported by studies
that focused on gender differences in functional capacity and
abilities in routine periods and not during crises such as the
COVID-19 pandemic. These studies found gender differences
in actual daily performance. However, they did not measure
daily functional self-actualization in routine periods or in the

COVID-19 pandemic period. Thus, a comparison of these results
with previous studies is limited. The earlier findings included
a study by Potvin and colleagues [26], which reported that
women over the age of 65 years had significantly lower scores
on performance-based functional capacity tests.

Gender differences have also been found in activities of daily
living and instrumental activities of daily living performance
among people aged 82 to 87 years [31]. Pachana and colleagues
[31] noted that despite a higher incidence of chronic conditions
among women, the female participants in their study reported
significantly less difficulty preparing meals, taking medications,
using the telephone, and performing leisure activities than the
male participants. However, the women reported having
significantly greater difficulty with shopping and housework
activities compared to the partnered men.

Some difficulties performing such activities may relate to
decreased executive functions. Executive functions are a set of
cognitive skills that are necessary to plan, monitor, and execute
a sequence of goal-directed complex actions [32]. Decreases in
those abilities need to be identified in a timely fashion because
they may influence daily functional performance abilities [33].
For example, Coppin and his colleagues found an association
between poorer executive function and lower gait speed among
older adults [34]; this may serve an important marker for
decreases that may be associated with both physical and mental
health. Interestingly, when focusing on functional cognition,
the results of this study indicate significantly more functional
cognitive difficulties for women in “complex tasks” and in
cognitive components, such as executive function and executive
function monitoring. However, these results did not hold for
other kinds of tasks, such as household tasks (as also reported
by Pachana and colleagues [31]) or for activities involving
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language and community/participation. It is noteworthy that
Pachana and colleagues [31] reported a higher incidence of
chronic conditions among women. It would be interesting to
study the possible associations between difficulty performing
complex daily tasks—which are cognitively demanding and
require massive decision-making and thus demand daily
energy—and women’s physical and mental health status.
Analysis of a more comprehensive model that considers possible
moderators and mediators variables is required.

Indeed, difficulties performing daily tasks in older adults may
be tied with emotional, physical, or cognitive deficits [28].
Specifically, our results show significant inferior cognitive
symptoms that may be interfering in daily function (eg, in the
executive function and executive function monitoring of the
DLQ Part B) among women. Similar to the results of this study,
earlier studies showed that women older than 65 years and living
in the community exhibited lower cognitive performance on
the Mini-Mental State Examination (MMSE) than men in the
same circumstances [35,36]. In contrast to our results, McCarrey
and colleagues [37]—who used the MMSE and other
neuropsychological tests—reported decreasing executive
function abilities with age and greater resilience to age-related
cognitive decline in older women than in older men. In the same
line, in their comprehensive review of studies of gender
comparisons related to executive functions, Grissom and Reyes
[38] presented no gender differences in executive function as
measured by neuropsychological tests. The MMSE is designed
to screen for cognitive decline, and it (or similar
neuropsychological tests) may not reflect real-world functional
cognition [39]. These opposing results related to older adults’
abilities in specific cognitive components suggest a reminder
that our study focused on functional cognition. From an
ecological viewpoint, life becomes more complex and
demanding over the years. Among older adults, especially in
late life, extensive impairment of daily functioning may occur
due to cognitive decline [40]. Indeed, measuring cognitive
difficulty levels when performing varied tasks adequately
reflects such reduction in daily life functioning [20].
Consequently, further studies are required to determine whether
the significantly inferior executive function and executive
function monitoring found in our research among women is due
to the use of a cognitive functional self-report scale or caused
by the crisis period, which may have more influence on the
women’s functional behavior.

Relationships Among State Anxiety, Daily Functional
Self-Actualization, and Functional Cognition
The question of relationships among functional cognition, daily
functional self-actualization, and state anxiety—especially in
crisis periods—is of interest toward better understanding and
possible prevention. The significant correlations found in our
study are supported by previous studies. For instance, earlier
studies found that women with generalized anxiety disorder
presented higher degrees of functional impairment [41,42].
Although better cognitive performance has been found to be a
protective factor among older adults [43], anxiety can cause an
increase in cognitive dysfunction [44]. Prior research also
associated community-dwelling older adults who showed higher
state anxiety with worse learning, memory, and executive

function abilities [45,46]. A long-term longitudinal study among
twins over the age of 50 years reported a bidirectional
relationship between anxiety symptoms and certain cognitive
abilities, including processing speed and attention [23].
Additional cognitive performance, such as visuospatial ability
and immediate and delayed memory, have also been found to
be significantly associated with both state and trait anxiety
among healthy older adults [47].

Predictors of State Anxiety
The results of significant gender differences in state anxiety
achieved particular significance in light of the regression
analysis results indicating that gender indeed contributed to
state anxiety prediction. Both results emphasize the importance
of considering gender as a factor that plays a role in dealing
with stressful events and relates to the mental health of older
persons in challenging periods as the COVID-19 pandemic.

The finding in this study that daily functional self-actualization
predicts 41% of state anxiety, and that specific aspects of
functional cognition (eg, complex activities) predict another
3% is particularly interesting. Positive effects were previously
reported between cognitive functioning and mild and moderate
state anxiety among older people in routine times [12].
Knowledge of these relationships between anxiety and the
common available resources of daily functional
self-actualization and functional cognition related to gender
differences, potentially obtainable in part through self-awareness
and self-reflection, seems to play an important role in
participation. Satisfactory participation in daily life activities
promotes well-being and increases individuals’ sense of purpose
and meaning [48]. The level of interest, value, and personal
causation in everyday activities [46], especially leisure, social,
and physical activities, has been associated with life satisfaction
and psychological well-being among older adults [49-54]. For
instance, Soderhamn et al [30] conducted interviews among 11
adults aged 67 years and older to grasp the meaning of self-care
actualization (eg, activities that improve, maintain, or restore
health). They found that self-care, as well as the use of self-care
resources to care for others, was meaningful due to the sense
of control over life and the self-reflection and realization it
provides [30]. We surmise that the use of web-based self-report
questionnaires (such as the DLQ and DailyFA used in this study)
may be a resource to achieve such self-reflection. If so, the use
of web-based self-report questionnaires may enhance
self-awareness, psychological autonomy, life control, health,
and well-being [20,55,56].

Limitations and Future Research
The results of this study should be interpreted in the context of
several limitations. First, the DailyFA questionnaire was
developed to address the urgent need to measure daily functional
self-actualization during the COVID-19 lockdown period; more
research is required to further establish the validity and
reliability of the scale. Second, it was not our aim to compare
precrisis and postcrisis results. Because anxiety and functioning
may be correlated in general (and not specifically in relation to
the COVID-19 pandemic), further studies are required to
compare features in routine precrisis periods to features during
the crisis to determine whether these study results depend upon
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the crisis period or reflect a global phenomenon among older
adults. Third, we did not explore the potential effects of
self-reflection that may have arisen as participants completed
the web-based self-report questionnaires. Future studies should
explore the effects of such questionnaires on respondents’
well-being.

Conclusions
Without doubt, late life is a challenging period associated with
forfeiture and changes in physical, emotional, and social

domains. Recognizing a person’s resiliency resources while
focusing on functional abilities in conjunction with mental health
may help older adults turn adverse events into opportunities
and increase personal growth and life satisfaction [57]. Physical
and mental health status is essential for people to perceive their
personal strengths, while psychological resources may help
them deal with physical and mental impairments and new
circumstances, such as the COVID-19 crisis [44].
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Abstract

Background: The COVID-19 pandemic has drastically changed the lives of countless members of the general population. Older
adults are known to experience loneliness, age discrimination, and excessive worry. It is therefore reasonable to anticipate that
they would experience greater negative outcomes related to the COVID-19 pandemic given their increased isolation and risk for
complications than younger adults.

Objective: This study aims to synthesize the existing research on the impact of the COVID-19 pandemic, and associated isolation
and protective measures, on older adults. The secondary objective is to investigate the impact of the COVID-19 pandemic, and
associated isolation and protective measures, on older adults with Alzheimer disease and related dementias.

Methods: A rapid review of the published literature was conducted on October 6, 2020, through a search of 6 online databases
to synthesize results from published original studies regarding the impact of the COVID-19 pandemic on older adults. The Human
Development Model conceptual framework–Disability Creation Process was used to describe and understand interactions between
personal factors, environmental factors, and life habits. Methods and results are reported following the Preferred Reporting Items
for Systematic Reviews and Meta-analyses Statement.

Results: A total of 135 records were included from the initial search strategy of 13,452 individual studies. Of these, 113 (83.7%)
studies were determined to be of level 4 according to the levels of evidence classification by the Centre for Evidence-Based
Medicine. The presence of psychological symptoms, exacerbation of ageism, and physical deterioration of aged populations were
reported in the included studies. Decreased social life and fewer in-person social interactions reported during the COVID-19
pandemic were occasionally associated with reduced quality of life and increased depression. Difficulties accessing services,
sleep disturbances, and a reduction of physical activity were also noted.

Conclusions: Our results highlight the need for adequate isolation and protective measures. Older adults represent a heterogeneous
group, which could explain the contradictory results found in the literature. Individual, organizational, and institutional strategies
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should be established to ensure that older adults are able to maintain social contacts, preserve family ties, and maintain the ability
to give or receive help during the current pandemic. Future studies should focus on specific consequences and needs of more
at-risk older adults to ensure their inclusion, both in public health recommendations and considerations made by policy makers.

(JMIR Aging 2021;4(2):e26474)   doi:10.2196/26474
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Introduction

Background
Since the end of 2019, the SARS-CoV-2 outbreak has resulted
in more than 71 million cases worldwide, as of December 16,
2020 [1]. Isolation and protective measures have been
established by governments to varying extents around the world
in order to mitigate the spread of the virus. These measures
include physical distancing, use of face masks, handwashing,
stay-at-home policies, and restrictions on social gatherings [2,3].
As a result, the general population has experienced drastic
changes in day-to-day life [4]; high COVID-19–related fear [5];
and numerous psychological outcomes such as depression [6],
increased sleep problems [7], and financial worries [8].

However, the extent to which the effects of COVID-19 reported
by the general population are experienced by the aging
population is not well documented. Isolation and protective
measures are crucial for the aging population, who are at greater
risk of COVID-19–related death [9]. However, isolation and
protective measures may also amplify issues that are already
present in older adults, such as loneliness, age discrimination,
and excessive worrying [10-12]. Considering that physical
distancing inevitably leads to some degree of social isolation,
speculation towards the pernicious impact of physical distancing
on the mental health, daily activities [12], and cognitive decline
of older adults [11] is warranted. The COVID-19 pandemic may
also amplify age discrimination by negatively impacting access
to information, health care services, and support to informal
caregivers and familial advocates [13,14].

According to the existing literature, although many older adults
are now online [15,16], the majority still need assistance when
using digital technologies and to access and assess information
[17]. Furthermore, most vulnerable older adults do not have
access to web resources or the required digital skills and
knowledge for its use to be satisfying and efficient [15,18].
Digital technology is thus insufficient to reach vulnerable
populations such as older adults [19].

The fear of contracting the virus could be an additional source
of concern for this population, thus contributing to the overall
anxiety—a mental health outcome already known to negatively
affect the quality of life in older adults [10]. Thus, it is possible
that the immediate and long-term effects of the COVID-19
pandemic are heightened for older adults as compared to other
age demographics.

Since the beginning of the pandemic, there has been substantial
concern surrounding older adults living in nursing home [20].
The percentage of nursing home residents with Alzheimer
disease or other types of dementia is significant, reported to

range between 45% and 75% [21-23]. It is possible that people
with Alzheimer disease or other dementias are experiencing
greater negative outcomes related to the COVID-19 pandemic.

A better understanding of the unique experiences of older adults
during the pandemic is needed in order for governing bodies
and health care providers to design adequate policies [13] and
services as we advance. Therefore, data specific to the needs of
older adults within the context of the present COVID-19
pandemic are urgently needed.

Objectives
The aim of this study is to synthesize the existing research on
the impact of the COVID-19 pandemic, and associated isolation
and protective measures, on older adults. Furthermore, we aim
to investigate the impact of the COVID-19 pandemic, and
associated isolation and protective measures, on older adults
with Alzheimer disease and related dementias.

Methods

Protocol
Given the urgent need for adequate information, a rapid review
protocol was chosen. This type of review is conducted using an
accelerated systematic review method, which limits certain
aspects of the methodology in order to provide evidence within
a policy maker’s timeframe [24,25]. This approach aligns with
the available guidance for Cochrane Rapid Review Methods
Group [25] and with the Practical Guide for Rapid Reviews to
Strengthen Health Policy and Systems [26]. Methods and results
are reported following the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-analyses) Statement [27].
The protocol for the present review was registered within the
PROSPERO database (ID: CRD42020201814).

Conceptual Framework
The Human Development Model–Disability Creation Process
(HDM-DCP) conceptual framework was used to describe and
understand interactions between personal factors, environmental
factors, and life habits [28]. The HDM-DCP model
acknowledges the impact of the environment and the person on
the execution of life habits. Personal factors include identity
(facilitator or obstacle), organic systems (integrity or
impairment), and capabilities (ability or disability).
Environmental factors are stratified into societal (facilitator or
obstacle), community (facilitator or obstacle), and personal
(facilitator or obstacle) levels. Life habits consist of daily
activities (social participation situation or disabling situation)
and social roles (social participation situation or disabling
situation). Each of these elements can be seen as a protective
factor or as a risk factor for the individual. The HDM-DCP
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framework allows observation of changes in these domains over
a period of time (eg, the span of the COVID-19 pandemic). The
framework puts into evidence social participation and social
contacts, both of which may be greatly affected by
pandemic-related isolation and protective measures.

Literature Search
Search strategies were developed by two authors (AL and NFB)
and reviewed by two other authors (FR and ML). These
strategies centered around three concepts: “COVID-19,” “older
adults,” and “impact.” The concept “COVID-19” was used to
restrict the obtained results to those related to the present
pandemic. According to the World Health Organization [29],
older adults include people of 60 years of age and older.
Therefore, in this study, the concept “older adults” included
people aged 60 years and older, without excluding any diagnoses
or conditions. The concept “impact” encompasses all three
domains of the HDM-DCP model (ie, personal factors,
environmental factors, and life habits) [28]. “Impact” variables
can be reported by an individual, caregivers, family members,
or health care workers, and may vary in the way that they are
experienced or perceived. The following databases were used:
MEDLINE via PUBMED; Embase, PsycINFO, and
PsycARTICLES via Psycnet; and CINAHL and Ageline via

EBSCOhost. The searches were conducted on October 6, 2020.
See Multimedia Appendix 1 for detailed search strategies used
for each database.

Eligibility Criteria
The Population, Exposure, Comparator, and Outcomes (PECO)
framework was used to develop the eligibility criteria used for
the purposes of this review (see Table 1) [30]. Eligibility criteria
were defined as follows: (1) peer-reviewed original papers with
data related to our research question (opinion papers, reviews,
methodological articles, preprints, and unpublished documents
were excluded); (2) publication dates limited to 2019 and 2020,
as the COVID-19 outbreak was first reported in 2019; (3) papers
available in English or French; and (4) participants 60 years of
age and older with any diagnosis except for COVID-19
survivors. The fourth criterion was applied in order to
differentiate the effect of the pandemic from the physiological
and health-related outcomes associated with a COVID-19
diagnosis. Furthermore, only papers that specified in the abstract
the inclusion of older adults in the study were included.
Outcomes that did not fit into the domains of the HDM-DCP
framework (eg, knowledge about the spread of the disease) were
excluded.

Table 1. Population, Exposure, Comparator, and Outcomes inclusion criteria.

DescriptionComponent

People aged 60 years and older, excluding COVID-19 survivorsPopulation (P)

COVID-19 and its associated isolation and protective measuresExposure (E)

Other age groups, before the pandemic, or noneComparator (C)

Outcomes (O) • Personal factors such as identity factors (facilitator or obstacle), organic systems (integrity or impairment), and
capabilities (ability or disability)

• Environmental factors such as societal (facilitator or obstacle), community (facilitator or obstacle), and personal
(facilitator or obstacle) levels

• Life habits such as daily activities (social participation situation or disabling situation) and social roles (social
participation situation or disabling situation)

Study Selection and Data Extraction
Data retrieved from the databases were exported to Covidence
[31]. Two reviewers independently screened the titles and
abstracts of the obtained records. These reviewers then read the
full text of the selected papers and determined whether they
should be included. Any disagreement was resolved via
consensus. Next, a single reviewer completed data extraction,
which was then verified by another reviewer. The following
variables were extracted: title, year of publication, country,
study design, objectives, participant characteristics (eg, diagnosis
and age), and outcomes. The references of the included papers
were screened by the reviewers (one reviewer per study), and
the titles and abstracts of additional papers were screened if
relevant.

Level of Evidence Appraisal and Data Synthesis
Two reviewers established the level of evidence for each
selected study, based on the levels of evidence classification of
the Centre for Evidence-Based Medicine [32]. Due to the limited
turnaround time, no risk of bias assessment was performed. A
narrative approach consistent with the data synthesis of a rapid
review [24] was used.

Results

Literature Search
The search strategy identified 19,053 records. A total of 13,452
records remained after duplicates (n=5601) were removed. Upon
title and abstract screening, the number of papers reduced to
630, after the exclusion of 12,822 records. Thereafter, full-text
screening resulted in a final inclusion of 135 records (Figure
1), following the exclusion of 495 others for various reasons.

JMIR Aging 2021 | vol. 4 | iss. 2 |e26474 | p.131https://aging.jmir.org/2021/2/e26474
(page number not for citation purposes)

Lebrasseur et alJMIR AGING

XSL•FO
RenderX

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


Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) flow diagram.

Characteristics of Included Studies
The selected records and their corresponding levels of evidence
are shown in Table S1 of Multimedia Appendix 2. In all, 113
of 135 (83.7%) studies were determined to be of level 4
according to the Centre for Evidence-Based Medicine–Levels
of Evidence [32] (transversal data collection), 20 (14.8%) studies
were determined to be of level 2b (longitudinal studies), and 2
(1.5%) studies were of level 2b and level 4 (mixed study
designs).

Of the 135 studies included, 40 (29.7%) studies included only
older adults (≥60 years old) whereas 95 (70.3%) compared
various age groups. Moreover, 15 (11.1%) studies included
persons with specific conditions such as Alzheimer disease
[33-35], Parkinson disease [36], frontotemporal lobar
degeneration [37], severe cognitive impairments [38], ovarian
cancer [39], gynecological cancer [40], patients with cancer
actively treated with systemic therapy [41], pre-existing
depression [42], chronic conditions [43], long-term respiratory
conditions [44], migraine [45], epilepsy [46], and visual
impairments [47]. A total of 29 (21.5%) studies were conducted
in North America [40,42,43,48-73], 14 (10.3%) in China
[46,74-86], 61 (45.1%) in Europe [33-38,41,44,87-139], 3
(2.2%) in Japan [140-142], 4 (3.0%) in Israel [143-146], 4
(3.0%) in Brazil [147-150], 4 (3.0%) in Australia [151-154], 2
(1.5%) in India [155,156], 1 (0.7%) in Malaysia [157], 2 (1.5%)
in Kuwait [45,158], 1 (0.7%) in Saudi Arabia [159], 3 (2.2%)
in Argentina [160-162], 1 (0.7%) in Cameroon [163], 1 (0.7%)
in Russia [164], 1 (0.7%) in Ghana [47], 1 (0.7% in Cyprus
[165], and 3 (2.2%) in multiple countries [39,166,167].

Outcomes of Included Studies

Personal Factors
Older adults reported a presence or worsening of psychological
symptoms, and greater loneliness because of pandemic-related
social isolation [33,38,47,49,51,52,56,57,62,63,77,78,
84,89,90,99,105,114,117,128,135,139,140,148,156,160].
Compared to younger age, older age (ie, ≥60 years) was,
however, associated with fewer psychological symptoms
[39,44,50,54,57,59,64-67,74,77,89,95,97,98,101,107,109,111,114,116,
120,121,124,125,127,136,138,147,151,153,157,158,161,162,165],
lower loneliness [92,95,104,130,140,159], and better mental
health and well-being [95,106,126,157,161,162]. Older adults
were also shown to be better at regulating their emotions and
coping with stressful events [44,61,68]. In contrast, 6 (4.4%)
studies reported that older adults had more severe psychological
symptoms than participants of other age groups
[83,85,86,96,118,156], and some studies noted no psychological
symptoms for most participants [42,79,119,165].

Several variables were associated with poor psychological health
and well-being, including living alone [117], decreased social
interactions [88], feeling close to death, high levels of
COVID-19–related health worries [145], stress [70], health
concerns and ageism [143], not having cognitive impairments
[38], and male status [78]. In contrast, religious faith, exercise,
self-care, and time spent in nature were associated with positive
psychological well-being [70].

Various worries surrounding the current pandemic were reported
in these studies [36,49,105,107,110,155]. For instance, older
adults were more worried about COVID-19 [68,75,96,118,167],
whereas younger individuals were more concerned about the
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risks related to social isolation [164]. Older adults were less
concerned for their emotional well-being, work goals, and
finances [65], and they perceived they had lower chances of
“running out of money” [53]. However, more worries about
financial difficulties were reported in another study [164]. Older
adults perceived the risks of COVID-19 (in comparison to that
of the flu) to be higher [48,138], but aged men were less worried
about COVID-19 (eg, contracting the virus, dying due to
COVID-19, or disruptions to lifestyle) than their younger
counterparts [48]. Their concerns were focused on others rather
than themselves [144]. Anxiety associated with cancer was
lower in older adults than in younger adults [41]. Expectations
(eg, income decline, duration and long-term impact of
COVID-19) were associated with an experience of stress, which
was further associated with other negative effects [69]. Finally,
the passage of time during the pandemic was found to be slower
for older adults [115].

Regarding the impairment of organic systems, higher age was
associated with poorer health status [80] and in some cases, a
decline of functional status [163]. Decreases in mobility,
functionality, vitality, and physical conditions were also noted
[36,148]. An aggravation in neuropsychiatric and physical
symptoms was reported in individuals with Alzheimer disease,
dementia, and frontotemporal lobar degeneration, as well as in
nursing home residents [34,35,37,93,139]. An exacerbation of
migraine days and severity was observed among individuals
with a migraine diagnosis [45]. One out of six older patients
with epilepsy experienced increased seizures, but this frequency
increased considerably among younger people with epilepsy
[46].

Environmental Factors
Decreased social life and fewer in-person social interactions
observed during the pandemic were occasionally associated
with reduced quality of life and increased depression
[42,63,128,139]. Some individuals continued to meet their
relatives almost daily [36]. Furthermore, some studies reported
on the negative impacts of the pandemic for caregivers [34,35].

Older adults reported unmet personal, domestic, or social needs
[128]; difficulty finding help with functional needs such as
bathing [62]; insufficient personal care [139]; decreased care
rendered by caregivers [47]; and reductions in social support
services hours [99]. Multiple barriers to care delivery were noted
during this time [166]. For instance, one study reported that
older adults were more likely to miss or cancel medical
appointments [129], whereas another reported the opposite [60].
One study reported that treatment delays and postponed
appointments were more common among older adults [130],
whereas another reported this was more commonly observed
among younger people [40]. More patients missed medical
appointments during the pandemic as compared to the
prepandemic timepoints [84,163], and rehabilitation services
were discontinued for the majority due to the quarantine [160].
Finally, as compared to the previous years, psychiatry
consultations for older individuals had reduced in one study
[113] but reported to have increased in another [76].

Life Habits
Changes in sleep habits and sleep disturbances were reported
to be affected by COVID-19 [37,56,84,87,105,134,160]. Of
note, some studies indicated that sleep issues were lower in
older adults than in younger adults [122,134,147].

Older adults reported a lower increase in unhealthy food intake,
screen use, tobacco use [149], alcohol use [149,154], and
cannabis use than did younger adults [123,152], in addition to
a lower rise in unhealthy lifestyle changes or drinking [131].
One study indicated that the majority of older individuals
consumed a balanced diet, limited their alcohol intake, and had
adequate sleep patterns [82], whereas another study reported
no change in alcohol use patterns [71]. This finding was
contrasted by other studies that found that older adults increased
binge drinking, alcohol frequency, alcohol consumption, and
cigarette smoking [56,114,132]; changed their eating habits
[132,148]; ate more [56,87]; and ate more often [87]. One study
reported a higher consumption of unhealthy foods among older
adults, as compared with participants of other age groups [149].
Food insufficiency increased in older adults during the
pandemic, but to a lesser extent than that among younger adults
[73], and decreased care resulted in hunger [47].

Changes in daily routine and plans were reported in a few studies
[43,52,58]; however, one study noted no changes in the
performance of daily habits among older adults [102].
Behavioral changes, such as buying more food and water than
usual, going out less frequently, reducing social contacts, and
staying away from public places were noted in several studies
[36,47,58,146]. Unemployment increased in older adults, but
at a lower rate than that in other age groups [72]. Higher age
was associated with fewer sexual activities [108]. Some studies
reported a decrease in physical activity [56,132,141,142,149]
and a decline in attendance at physical activity workshops [133].
However, studies reported contradictory results regarding
physical activity among older adults during the pandemic.
Indeed, it was noted that older adults had the lowest levels of
physical activity among all age groups [55,100]; however, they
had the smallest decrease in physical activity [100], the lowest
prevalence of insufficient physical activity [81] and were less
likely to have changed their physical activity levels during the
pandemic [137]. Moreover, physical activity was associated
with higher resilience, positive affect, and lower depressive
symptoms [94,141]. Older adults were also reported to have a
lesser change in unhealthy movement behaviors [150].

A study indicated that a lot of time was spent learning about
COVID-19 [87], and more time was spent using social media
[56], internet [144], and electronic products [150]. One study
reported a higher usage of electronic products by older people
[149], whereas others reported contrasting findings [74,81].
Participants felt blessed, lucky, and fortunate to be able to stay
in contact with others through social media [91]. Variation in
game use by older adults did not differ from that observed in
younger populations [167]. Older adults had fewer positive
work events but more remote social interactions, social
networks, and outdoor activities [65]. Finally, older adults
engaged in more solitary activities and in fewer in-person
activities [56].
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One study reported that the majority of older adult travelers
were planning to travel by air in the next year [103], whereas
another found that older adults were canceling out-of-town trips
[58]. The COVID-19 pandemic has presented significant
challenges to most older adults [58], and compliance to hygiene
recommendations was seen as a psychological burden by this
population [148].

Discussion

Principal Results
Older adults are known to experience loneliness, age
discrimination, and excessive worrying [10-12]. Therefore, we
initially anticipated that they would experience greater negative
outcomes related to the COVID-19 pandemic. However, this
hypothesis was not uniformly supported by the available
literature. The findings summarized within this review suggest
that older adults experienced negative outcomes related to the
pandemic, but to a lesser extent than their younger counterparts.
Younger adults experienced greater psychological repercussions
from isolation and feeling of loneliness [168]. There was indeed
a correlation between young age and poor mental health [126],
higher anxiety, depression, and stress [153]. This result may be
explained by the daily experience of loneliness and social
isolation among older adults prior to the pandemic [12], which
in turn meant that COVID-19 led to fewer changes in their daily
routine as compared to employed, younger adults. Another
potential explanation is the influence of certain personal factors
among older adults, for example, greater resilience that is
associated with more purpose in life [112], better regulation of
emotions, and better coping strategies in the case of stressful
events [44,61,68]. These personal factors could explain the
generally better psychological response by older adults
throughout the COVID-19 pandemic. Additionally, these
findings may be explained by sampling methods used in the
available research. In other words, the isolation measures
implemented in long-term care facilities may have caused
additional barriers to conducting studies with residents. In our
study sample, 16 (11.8%) studies were conducted among
community dwelling older adults, 3 (2.2%) included older adults
living in residential care facilities, 3 (2.2%) included older adults
living in one of these two locations, and 113 (83.7%) studies
did not detail this sampling information. Without uniform
sampling methods, it is more difficult to draw strong
conclusions. Older adults may have little to no access to
technology [169], such as a computer or a smartphone, which
are often required to participate in web-based surveys. The most
isolated individuals may be the most difficult to reach,
particularly if they lack access to social media or maintain
minimal presence in public and community
organizations—platforms often used by researchers to contact
participants. Fewer opportunities to participate in surveys may
explain the relative scarcity of research on vulnerable older
adult populations, such as those with dementia or Alzheimer
disease, during the present pandemic. In studies that compared
different age groups, the proportion of aged individuals was
often very small compared to other age groups. It is possible
that the older adults who participated in surveys were healthy
and had access to technology and, therefore, were not the most

vulnerable. This could explain why certain studies suggested
that younger people were more impacted than older adults.

One study reported that anxiety symptoms in older adults were
associated with ageism [143], something that the current
pandemic seems to have exacerbated [170]. The COVID-19
pandemic has been characterized as an older adult problem, and
social media, among other platforms, have been used by people
to share ageist attitudes (eg, posts published with the hashtag
“BoomerRemover”) [171-173]. Greater awareness of age
discrimination is needed to reduce these behaviors. There are
other potential sources of anxiety among older adults, such as
being unable to access support services since the onset of the
COVID-19 pandemic [99]. More research is needed to
understand the impact of ageism on older adults’ well-being,
as compared with other risk factors.

The impact of the pandemic on older adults can also influence
their caregivers [34,35]. Indeed, family caregivers reported
living with anxiety and fear [174] and having difficulty
balancing caregiving challenges with their own needs [175]
during this crisis. It is therefore important to consider the needs
of the caregivers in future policies and in the implementation
of isolation and protective measures.

The available literature offered different strategies for
maintaining the well-being of older adults; these included using
technology to ensure social connections, pursuing outdoor
activities, and incorporating daily structure [176]. Different
programs were also deployed during the pandemic with the aim
of reducing social isolation through contact with a student
volunteer who engaged in weekly phone calls with participants
living in nursing homes [177] and a single call with participants
living in long-term care facilities and in the community [178].
The use of technology to protect and improve mental health
[179] and to maintain the health and independence [180] of
older adults during this crisis was also discussed. The
transformation of an on-site program into an online program
for older populations [181] was found to be effective. Innovative
programs should therefore be created with the goal of supporting
vulnerable older adults and minimizing the long-term
consequences and feelings of loneliness.

Physical activity should be promoted during the pandemic,
especially for more at-risk individuals such as those living with
chronic diseases [182]. Older adults should be guided to safe
and accessible physical activity programs, selected according
to the individual’s level of autonomy, mobility, frailty, and
health status, to avoid deconditioning during confinement.
Physical activity is associated with a better quality of life [183]
and decreased symptoms of depression in older adults [50],
whereas increased inactivity could accelerate their physical
decline [184]. Personalized physical activity programs with
monitoring should therefore be made more accessible to this
population to minimize deconditioning and help older adults
maintain their physical and mental health, while ensuring their
safety.

The secondary impacts of COVID-19 should be considered by
governing bodies and institutions when taking action and making
decisions about health care access and public health measures,
both during the current pandemic and for future health crisis.
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Mental health concerns have been reported among older adults
[185], but few concrete actions have been taken to mitigate
them.

Strengths and Limitations
Some studies classified older adults as including people below
60 years of age (eg, ≥50 years) [186-188]. Those results were
excluded, along with potentially important data, to respect our
eligibility criteria and to clearly differentiate the outcomes
relative to older versus younger populations. Moreover, some
studies focused on older adults with specific conditions, for
example, Parkinson disease [36], cancer [39,40] or Alzheimer
disease [33], which makes it difficult to differentiate the effects
associated with their age from those associated with their
condition. These studies were still analyzed, keeping in mind
that individuals living with a variety of diagnoses are potentially
more vulnerable to encounter negative outcomes related to the
secondary effects of COVID-19. Some diagnostic keywords
were selected because of the relationship between specific
neurological conditions and higher age (eg, dementia and
Alzheimer disease). This selection may have resulted in the
omission of eligible studies that include older adults with other
conditions such as cancer or cardiovascular diseases. However,
a limitation in the selected keywords was needed to screen
studies within a reasonable timeframe. In addition, the decision
was made to exclude studies about COVID-19 survivors,
because of the various physical and psychological changes that
may be associated with the incidence of this condition.
Contradictory results could also be attributable to the variance
in health care systems and differences in isolation and protective
measures implemented in various countries. Because of constant
changing measures across countries, it would have been difficult,
if not impossible, to analyze data in such a way. This aspect
was, therefore, not considered in our data analysis in order to
provide results in a reasonable timeframe. Future studies should
take into consideration the country-specific variation in
COVID-19 responses. Moreover, it is also possible that the
sample age was not mentioned in the abstract or the title of the
published papers, which would have resulted in the exclusion
of the study during the first stage of screening.

Implication for Practice and Policy
Results obtained through this rapid review have highlighted the
presence of psychological symptoms, decrease in social
interactions, exacerbation of ageism, and the deterioration of
physical conditions among older adult populations during the
COVID-19 pandemic. It is essential that governing bodies and
decision makers understand the needs of older adults when
making choices regarding the implementation of social
distancing measures. They should carefully choose their words
when describing this pandemic, to avoid any form of age
discrimination in the media.

Older adults represent a heterogeneous group, which could
explain the contradictory results found in the sampled literature.
Sample demographics should be considered in future studies to
identify variables within older adult populations that could be
associated with a poorer overall experience with the pandemic,
and stronger conclusions could then be made. Indeed, studies
that specifically target vulnerable age groups, such as adults
living in rural areas [189] and deaf individuals [190], should be
conducted to minimize the effects and long-term consequences
in such populations. The impact of COVID-19 should be
assessed separately according to various living environments
in order to identify more at-risk individuals (eg, older adults in
the community setting versus long-term care facilities). Future
studies should also analyze different protective and risk factors
among older adults. For example, it would be interesting to
compare the effect of living alone versus living with others, of
being in the younger range of the older adult demographic (eg,
60 years old) versus being in the latter range (eg, 85 years old),
or of living independently at home versus living in a nursing
home. Moreover, the general population could learn from older
adults, regarding their resilience, regulation of emotions, and
coping strategies, to improve their psychological response during
this pandemic. Individual, organizational, and institutional
strategies should be established to ensure that older adults are
able to maintain social contacts, preserve family ties, and
maintain the ability to give or receive help during this pandemic.
The effectiveness of various strategies, such as making
communication technologies more accessible, providing
technology use training, and promoting technological
innovations, should also be assessed to enable social interactions
despite isolation and protective measures.
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Abstract

Background: Falling is one of the most common and serious age-related issues, and falls can significantly impair the quality
of life of older adults. Approximately one-third of people over 65 experience a fall annually. Previous research has shown that
physical exercise could help reduce falls among older adults and improve their health. However, older adults often find it
challenging to follow and adhere to physical exercise programs. Interventions using mixed reality (MR) technology could help
address these issues. MR combines artificial augmented computer-generated elements with the real world. It has frequently been
used for training and rehabilitation purposes.

Objective: The aim of this systematic literature review and meta-analysis was to investigate the use of the full spectrum of MR
technologies for fall prevention intervention and summarize evidence of the effectiveness of this approach.

Methods: In our qualitative synthesis, we analyzed a number of features of the selected studies, including aim, type of exercise,
technology used for intervention, study sample size, participant demographics and history of falls, study design, involvement of
health professionals or caregivers, duration and frequency of the intervention, study outcome measures, and results of the study.
To systematically assess the results of the selected studies and identify the common effect of MR interventions, a meta-analysis
was performed.

Results: Seven databases were searched, and the initial search yielded 5838 results. With the considered inclusion and exclusion
criteria, 21 studies were included in the qualitative synthesis and 12 were included in meta-analysis. The majority of studies
demonstrated a positive effect of an MR intervention on fall risk factors among older participants. The meta-analysis demonstrated
a statistically significant difference in Berg Balance Scale score between the intervention and control groups (ES: 0.564; 95% CI
0.246-0.882; P<.001) with heterogeneity statistics of I2=54.9% and Q=17.74 (P=.02), and a statistical difference in Timed Up
and Go test scores between the intervention and control groups (ES: 0.318; 95% CI 0.025-0.662; P<.001) with heterogeneity
statistics of I2=77.6% and Q=44.63 (P<.001). The corresponding funnel plot and the Egger test for small-study effects (P=.76
and P=.11 for Berg Balance Scale and Timed Up and Go, respectively) indicate that a minor publication bias in the studies might
be present in the Berg Balance Scale results.

Conclusions: The literature review and meta-analysis demonstrate that the use of MR interventions can have a positive effect
on physical functions in the elderly. MR has the potential to help older users perform physical exercises that could improve their
health conditions. However, more research on the effect of MR fall prevention interventions should be conducted with special
focus given to MR usability issues.

(JMIR Aging 2021;4(2):e27972)   doi:10.2196/27972
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Introduction

Overview
The world population is rapidly aging. According to the World
Population Ageing 2017 report [1], this tendency could be one
of the most important changes in modern society and would
accordingly have a significant influence on many aspects of our
lives. Unfortunately, about one-third of community-dwelling
older people over the age of 65 experience falls annually [2,3].
Fall-related injuries, such as hip fractures, are major contributors
to the burden of disease in older adults and represent a
significant public health problem [4-6]. Reducing falls has
become an international health priority [7].

The first step in the development of effective fall prevention
methodologies is identifying fall risk factors [8]. Studies have
identified risk factors associated with falling among older adults,
which include a history of falls, gait problems, vertigo,
weakness, unsteady gait, confusion, reduced mobility, heart
dysfunction, and functional impairment [9-11].

Physical activity and exercise have been found to be effective
for reducing risk factors and the number of falls [10,12,13].
Regular physical training can prevent serious fall-related injuries
[14]; enhance mobility; improve aspects of the health of elderly
individuals, including their strength and balance; and reduce
mortality [15]. However, the effectiveness of evidence-based
fall prevention methods is only as strong as the level of
adherence to these recommendations [16,17]. Commonly
reported average uptake rates for simple exercise interventions
among community samples are as low as 10% [4,5,14,18]. A
number of researchers have investigated barriers to regular
physical activities among older adults and identified various
reasons for lack of training, including fear of falling,
environmental inconvenience, intimidation by fitness facilities
or exercise settings, boredom, and lack of motivation [19-21].

Many studies have addressed the effect of different technological
interventions on users’motivation to perform physical exercises.
The results of such studies have demonstrated the effectiveness
of interactive interventions such as exergames, virtual reality
(VR), and augmented reality (AR). Several researchers [22-24]
have highlighted that games help motivate users to perform
targeted actions, including physical exercise, and improve their
performance in these actions. A previous study [19] has
demonstrated a similar effect among older people, highlighting
the improved adherence of elderly participants to exercise tasks
and the potential fall prevention impact. Another study has
demonstrated the positive attitude of older participants toward
the use of a fall prevention exercise program and its
augmentation with VR intervention [25]. According to Mirelman
et al [26], VR is one of the most effective interventions for fall
prevention in older people.

A recent systematic literature review investigated the effect of
VR interventions on mobility skills and balance measurement
improvement [27]. However, it included studies which only
used the term “virtual reality” and not the terms “augmented

reality” and “mixed reality” (MR), both of which are closely
related to VR. In fact, the terms VR and AR are often used to
refer to similar or even identical technologies. For instance, Ku
et al [28] used a Kinect motion sensor (Microsoft Corporation),
a laptop, and a big screen to create an interactive training setup
and described this system with the term “augmented reality.”
By contrast, Mirelman et al [29] used a similar set up with a
modified Kinect sensor, a computer, and a large screen but
instead used the term “virtual reality” to describe the system.

Because the concepts of AR and VR are so closely related,
Milgram et al [30] coined the term “reality–virtuality
continuum” to describe them together as parts of a framework.
This framework represents a spectrum of environment types,
ranging from solely real to solely virtual, with different ratios
of real-world and computer-generated elements in between,
essentially describing the many types of “mixtures” that can be
implemented in MR. A truly complete investigation into the
effectiveness of the entire spectrum of such systems thus must
necessarily include variations of all 3 terms—VR, AR, and
MR—in a systematic search.

To that end, the aim of this systematic review and meta-analysis
is to investigate the use of MR technologies spanning the full
spectrum of the reality–virtuality continuum for fall prevention
and evaluate existing evidence of its effectiveness. The study
provides the results of extensive evaluation of the types of study
designs that have been typically used in this area of research
and demonstrates the quantitative comparison of the most
common outcome measures.

Background

Virtual Reality, Augmented Reality, and Mixed Reality
When it comes to research involving different “reality”
technologies, one of the most important issues is lack of
understanding of the relevant terminology [31]. The 3 main
related terms that are currently most commonly used are VR,
AR, and MR [31]. Different studies use different definitions of
those technologies, and some studies do not provide any
definition of the investigated technologies at all, which
complicates any systematic review or analysis of these studies.

According to Höllerer and Feiner [32], VR involves the user
interacting with an artificial environment by sight, sound, touch,
and the other senses, whereas AR allows the user to experience
the real world with additional interactive artificial elements
[32].

Therefore, both VR and AR to some extent combine a virtual
world or its artificial augmented computer-generated elements
with the real world. Based on common characteristics of the
terms, Milgram et al [30] united the concepts under the term
MR within a framework they called the reality–virtuality
continuum (Figure 1).

In this paper, the term MR will be used in accordance with the
framework by Milgram et al [30]. Thus, all studies that use the
terms VR, AR, or MR were included in the search procedure.
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Figure 1. Reality–virtuality continuum framework [32].

Mixed Reality and Fall Prevention
MR technologies have frequently been used for training and
rehabilitation purposes [33]. The popularity of these
technologies has drastically increased in recent years, and they
have received a lot of attention in scientific research. Many
recent papers have discussed the advantages of MR technologies
for training.

One of the advantages of using MR for training is that they
promote an external focus of attention for the user by providing
virtual cues (eg, projection onto the floor or a wall) [33]. Motor
learning literature divides training instructions into 2 categories:
those that promote an internal focus of attention (by referring
to the individual’s body parts) and those that promote an external
focus of attention (by referring to external objects such as a step
box or wall). Recent studies showed that having an external
focus of attention results in better motor learning.

Another advantage of MR is that it provides implicit learning,
which means “learning without awareness of what is being
learned” [33]. Implicit learning methods have a better effect on
rehabilitation and training than learning with explicit
instructions. MR can help to provide an implicit learning effect
by creating an external focus of attention, as mentioned above,
or by providing a concurrent cognitive task or task variation
[33].

MR also helps users to learn and memorize the physical
exercises better than traditional video demonstration. In a study
on the implementation of the AR training system YouMove,
Anderson et al [34] demonstrated that this system helps users
learn and memorize physical exercises twice as effectively as
a conventional video demonstration.

One very important advantage of MR is its ability to increase
users’ motivation to exercise [33] and, consequently, to help
them achieve a higher exercise intensity. MR also creates a
contextual situational experience for the user [35]. MR
applications display instructions step by step, identify items,
and provide textual information. MR can also create different
exercise variations and provide task-specific training [33].

Specifically regarding elderly users, MR can help older adults
perform physical exercises without trainer supervision. Kojima
et al [15] presented an AR system that provides instructions and

control speed of exercises to reduce the risk of physical overload
and allow older adults to use it without a supervision.
Furthermore, older users have described the use of MR systems
as intuitive and satisfying [35].

Methods

Study Design
This systematic literature review was conducted according to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [36]. The current review
methodology consists of 4 main stages: planning, a database
search, screening of the results, and analysis of the selected
studies. Three researchers (AN, WC, and AB) were involved
in the search, screening, data extraction, and analysis processes.

Planning of the Systematic Literature Review

Research Questions
Before conducting the systematic literature review, a preliminary
literature review was performed to identify the needs for the
systematic literature review. From these preliminary results,
the following research questions for the systematic literature
review were formulated.

RQ1: Which MR technologies have been used for elderly
training and how?

RQ2: How effective are MR technologies interventions in
reducing fall risk factors?

Definition of “Older”
Different sources provide different estimations of who qualifies
as “older” adults, often due to cultural differences and
country-specific conditions. For instance, the World Health
Organization [37] considers “older adults” to include people of
at least age 65, whereas the American Association of Retired
Persons uses the term “older adults” to refer to people of age
50 and up [38].

Several relevant studies have used the age group 50 and above
as their target group [39-41]. Therefore, we decided to include
all studies that focus on people aged 50 years and above to cover
all relevant studies.
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Inclusion and Exclusion Criteria
Because we aimed to cover as many related studies as possible,
at this stage of the review, we decided to include both studies
on participants with a history of falls and those on elderly
participants with a risk of falling.

Based on the above aims, the research questions, and
considerations, the following inclusion and exclusion criteria
were defined:

• The target group of each study must be people aged 50 and
above.

• The study’s participants should not have a chronic disease.
• The study must focus on fall prevention and use physical

exercise as a fall prevention method.
• The study must investigate MR intervention.
• The study must include an investigation of the intervention

effect, which is measured by the number of falls or risk
factors for falling.

• The study must include more than 1 session of physical
training.

• The paper must be a scientific publication published in
peer-reviewed journal.

We excluded publications such as theses, dissertations, review
papers, surveys, preliminary or pilot studies; publications that

describe only research design; non-English papers; and research
with no control group.

Database Search
Before the start of the database search, the main search terms
were identified based on the research aim and research
questions. The main terms, which had to be included in some
form in the considered publications, were elderly, falls, and MR
technologies. We then also included synonyms and similar terms
as alternatives to these main terms, such as “older,” “seniors,”
“aged,” and “ageing” for elderly; “fall,” “falls,” and “falling”
for falls. In the databases that support the wildcard symbol “*”
the search term “fall*” was used. To include all the MR
technologies, all 3 discussed above (ie, “augmented reality,”
“virtual reality,” and “mixed reality”) were used.

The final generated search string was thus as follows: (elderly
OR older OR seniors OR aged OR ageing) AND (fall OR falls
OR falling) AND (“virtual reality” OR “augmented reality”
OR “mixed reality”)

The search was performed iteratively from February 16, 2020,
to June 23, 2020. A total of 7 databases were searched:
ScienceDirect, Web of Science, ACM Digital Library, IEEE
Xplore Digital Library, PubMed, MedlinePlus, and Cochrane
Library. The search results in each database are presented in
Table 1.

Table 1. Number of search results in the electronic databases.

Total number of search resultsLibrary

3496ScienceDirect

245Web of Science

363ACM Digital Library

1498IEEE Xplore Digital Library

134PubMed

4MedlinePlus

98Cochrane Library

5838Sum

Screening Process
The total number of identified results was 5838. After duplicates
were eliminated, 5164 records remained, and these were
screened for title relevance. At this stage, reviews and
dissertations were also removed. The number of excluded studies
after title screening was 4751. The abstracts of the remaining
413 papers were read and analyzed. The studies that did not
satisfy the inclusion and exclusion criteria were identified. For
instance, 54 studies did not consider MR intervention, and 66
did not focus on physical exercises. Detailed explanations of
why papers were excluded are presented in Textbox 1. From
the 413 papers whose abstracts were analyzed, 331 were

excluded at this stage. As a result, 82 papers were assessed and
read in full.

At this stage, papers were excluded for the following reasons:

• The authors were not using MR technology as an
intervention.

• The focus of the paper was not on physical exercises.
• The study investigated the attitude of the participants toward

the technology rather than the effect of the intervention.
• The study had only 1 session of physical exercise.
• The paper described a research design.
• The study did not have a control group.
• The paper presented a preliminary or a pilot study.
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Textbox 1. Reasons for study exclusion.

1. Papers after title screening (n=413)

• Focus is not relevant (focus on fear, emotions, cognitive training, learning, disease; n=149)

• No MR intervention (n=54)

• The target group is not the elderly (n=44)

• Survey or review papers (n=6)

• No physical exercise or no fall prevention (n=66)

• Registered trials (no academic publication) (n=10)

• Non-English papers (n=2)

2. Papers after abstract screening (n=82)

• Investigate usability, acceptability, or experience (n=9)

• Focus other than fall prevention (n=5)

• Preliminary or pilot studies (n=10)

• Assessment of an evaluation model, algorithm, or measurement system (n=6)

• Study protocol or study design (n=3)

• Include participants who are frail or after trauma (n=11)

• Development or technical investigation (n=4)

• No control group (n=11)

• Conference publications (n=2)

3. Papers after full-text screening (n=21)

After the full-text assessment, 61 more studies were excluded.
The remaining 21 papers passed all of the inclusion criteria and
were included in the qualitative synthesis (Figure 2). The 12
studies that used the 2 most common outcome measures, namely,

the Berg Balance Scale (BBS) [42] and the Timed Up and Go
(TUG) test [43], were included in the quantitative synthesis
(meta-analysis).
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Figure 2. Process of the systematic literature review using a PRISMA flow diagram. PRISMA: Preferred Reporting Items for Systematic Reviews and
Meta-Analyses.

Qualitative Synthesis
The 21 papers included in the qualitative synthesis were
reviewed in detail, with particular focus on the following data,
which were extracted and compiled in a data table.

• Aim of the study
• Type of exercise (eg, walking, balance exercise, strength

exercise)
• Intervention technology
• Study sample size, demographics, and fall histories
• Study design
• Involvement of health care professionals/caregivers

• Duration and frequency of the intervention; follow-up after
the experiment

• Outcome measures
• Results

Quantitative Analysis
To systematically access the results of the selected studies,
identify a common effect of MR intervention, and try to find a
relation between different study designs and their results, a
meta-analysis was performed. The BBS [42] and TUG [43]
scores were the most common outcome measures used in the
selected studies with a similar study design. Therefore, studies
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that used the BBS and TUG were included in the meta-analysis.
Other outcome measures were used in too few studies to be
included in the meta-analysis.

Because both the BBS [42] and TUG [43] measures were
assessed, the standardized mean difference (SMD) between the
intervention and control groups were calculated, with a high
SMD corresponding to better physical performance with the
intervention. Study heterogeneity was assessed by examining

the data extraction tables and estimating the I2 statistic and the
Cochran Q test statistic. Based on this, a random effects
meta-analysis was considered appropriate. The SMD was
calculated with 95% CIs and P values to assess the pooled
differences between the control and treatment groups within
the BBS and TUG measures. Publication bias was assessed
using funnel plots and Egger test for the small-study effect. To
estimate an overall pooled effect from the BBS and TUG
measures, we used a method for robust variance estimation in
meta-regression with dependent effect size (ES) estimates
implemented in the user-developed Stata package robumeta.
This method takes into account dependent effects due to
correlated estimation errors when the 2 outcome measures were
collected on each participant in several of the studies. For the
correlated effects model, the value of the correlation rho was

set to 0.8. Stata version 15 (StataCorp) with the user-developed
packages metan, metafunnel, metabias, and robumeta was used
for all estimations.

Results

Qualitative Synthesis of the Selected Studies

Overview of Selected Studies
All of the selected studies were published between 2012 and
2020. The papers reported research with similar aims to evaluate
the effects of MR intervention on fall prevention for older adults.
All of the studies focused on determining the effect of particular
MR interventions. Despite the similar goals and methods (12
studies used randomized controlled trials, while 9 were
intervention studies with experimental and control groups), the
study designs differed in many aspects.

Sample Size and Demographics
The total number of participants over all considered studies was
1524. The number of participants per study ranged from 18 [44]
to 302 [29]. The mean number of participants was 72.57 (SD
68.93). A histogram of the number of participants in each study
is presented in Figure 3. Of the 21 considered studies, 13 used
at least 40 participants (61.9% of studies).

Figure 3. Distribution of number of participants in the selected studies.

The studies had varying minimum age requirements for
participants. Ten studies used 65 years as the minimum age
requirement for participation in their study [44-53], and 4 used
60 years [29,54-56]. One study [57] used 66 as the minimum
age requirement for participants, and 3 studies [28,58,59] used
55 or 56 years as the minimum. Three more studies did not
specify a minimum age requirement for participants [60-62].
The study with the highest mean age was that by Rendon et al
[56] with 85.7 (SD 4.3) years for the experimental group and
83.3 (SD 6.2) years for the control group. The study with the
lowest mean participant age was that by Singh et al [58] with
61.12 (SD 3.72) years for the experimental group and 64.00
(SD 5.88) years for the control group. The majority of studies

recruited participants of both genders; however, 4 focused on
older women [53,58,61,62].

Twelve studies [28,29,45,46,48,50-52,54-56,60] involved the
recruitment of community-dwelling older people. Yeşilyaprak
et al [44] and Htut et al [47] recruited older adults living in
nursing or elderly homes; other studies did not specify this
choice.

Another participant characteristic considered was a previous
history of falling. Four studies [29,44-46] recruited older adults
who have experienced a fall before (or had balance issues); the
remaining 17 papers did not specify the participants’ history of
falls or if they were at a risk of falling.
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Study Design
Twelve papers [28,29,47,48,50,52,54,56,58-61] described
randomized controlled trials, and the remaining 9 reported
intervention studies with experimental and control groups and
preintervention and postintervention measures of different
physical and mental parameters of the participants (Table 2 and
Multimedia Appendix 1).

Four studies divided the participants into more than 2 groups.
Lee et al [61] compared 3 groups: an MR intervention group
(experimental group), a self-Otago exercise group (control
group), and a yoga group. Phu et al [45] and Sápi et al [55] used
an MR training group, a control group that performed physical
exercises, and a control group that did not. Htut et al [47]
divided participants into 4 groups: an MR-based exercise group,
a brain exercise group, a control group that performed physical
exercises, and a control group that did not. The remaining 17
studies divided the participants into 2 groups: experimental (MR
intervention) and control groups.

Five studies [48,49,53,56,59] compared the effect of MR
intervention with the results of a control group whose only
intervention was in the form of educational materials and fall
prevention recommendations. Eleven studies
[28,29,44,50,52,54,57,58,60-62] compared the effects of MR
intervention with those of conventional physical exercise. Three
studies [45,47,55] with more than 2 groups of participants (see
the above paragraph) compounded this comparison with the
results of a control group that did not receive any physical
intervention. Two studies [46,51] did not specify whether the
control group performed any exercises during the experiment.

The majority of the studies performed the testing procedure
before and after the intervention. Only 3 papers reported a
follow-up study 6-9 months after the experiments [29,46,48],
which allowed them to include the number or frequency of falls
as an outcome measure.
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Table 2. Summary of the qualitative results of the systematic review. Full table can be found in Multimedia Appendix 1.

Outcome measuresDuration of intervention
and follow-up

Sample size (n); age

(years)a (experimental
and control groups); gen-
der

TechnologyType of exerciseStudy

Cognitive function, muscle
strength, standing and sitting
balance

6 weeks: 2 times per
week; 50 minutes per
session

72; 72.97 (SD 2.98) and
74.11 (SD 2.88);
male/female: 36/36

3D VRb program
with a 3D beam pro-
jector

Virtual “kayaking”Park and Yim [60]

Fall rate; gait speed; variabil-
ity, endurance, balance; mo-
bility; attention; and more

6 weeks: 3 times per
week; 45 minutes per
session; follow-up after
6 months

302; 73.3 (SD 6.4) and
74.2 (SD 6.9); male/fe-
male: 182/100

VR system with a
modified Microsoft
Kinect, computer,
and a large screen

Walking on a tread-
mill

Mirelman et al [29]

Balance and physical perfor-
mance, fear of falling

6 weeks: 2 times per
week; 30 minutes per
session

195; median 78 (IQR
73–84); male/female:
65/130

VR system (Balance
Rehabilitation Unit)

Balance trainingPhu et al [45]

Dynamic balance, standing
balance, fall risk

6 weeks: 3 times per
week; 50 minutes per
session

18; 70.1 (SD 4.0) and
73.1 (SD 4.5); male/fe-
male: 6/12

BTS NIRVANA VR
Interactive System

Balance trainingYeşilyaprak et al
[44]

Muscle strength, balance
ability, static and dynamic

12 weeks: 3 times per
week; 60 minutes per
session

30; 72.60 (SD 2.67),
75.80 (SD 5.47), and
76.40 (SD 5.54);
male/female: 0/30

ARc-based Otago
exercise

Otago exercises (ex-
ercises for leg mus-
cle strength and bal-
ance, progressing in
difficulty)

Lee et al [61]

load distribution, fall effica-
cy

Posture, fall rate, gait, grip
strength, serum measure-

6 weeks: 2 times per
week; 20 minutes per

60; 79.3 (SD 10) and 75
(SD 8); male/female:
28/42 at baseline

VR system (Balance
Rehabilitation Unit)

Balance trainingDuque et al [46]

ments, depression, fear of
falling

session; follow-up after
9 months

Postural control, gait, car-
diorespiratory fitness, cogni-
tion

7 weeks: 2 times per
week; 60 minutes per
session

46; mean 66.5 (range
65.0-71.75) and mean
71.0 (range 66.0-74.5);
male/female: 12/34

Kinect Adventures
Games for Microsoft
Xbox 360 Kinect

Four Kinect Adven-
tures games

Bacha et al [54]

Balance, muscle strength,
cognition, fall concern

8 weeks: 3 times per
week; 30 minutes per
session

84; 75.8 (SD 5.19);
male/female: 47/37

Microsoft Xbox 360
Kinect

VR games and brain
games

Htut et al [47]

Fall risk, health status,
health measures, physical

16 weeks: 180 minutes
per week; follow-up af-
ter 6 months

153; 74.7 (SD 6.7) and
74.7 (SD 6.0); male/fe-
male: 60/93

iStoppFalls,
PC/Kinect-based fall
preventive exercise
game (exergame)

Balance sessions and
muscle strength ses-
sions

Gschwind et al [48]

measures, cognitive mea-
sures

Balance, reaction, move-
ment velocity

6 weeks: 3 times per
week; 30 minutes per
session

75; 69.57 (SD 4.66),
69.12 (SD 4.19), and
67.18 (SD 5.56);
male/female: 6/70

Microsoft Xbox 360
Kinect

Microsoft Xbox 360
Kinect videogames

Sápi et al [55]

Fall risk, fear of fall6 weeks: 2 times per
week; 60 minutes per
session

36; 61.12 (SD 3.72) and
64.00 (SD 5.88);
male/female: 0/36

Nintendo Wii Fit
with a Balance
Board

Wii Fit gamesSingh et al [58]

Coordination and agility,
dynamic balance, balance
confidence

6 weeks: 3 times per
week; 35–45 minutes
per session

40; 85.7 (SD 4.3) and
83.3 (SD 6.2); male/fe-
male: 14/26

Nintendo Wii Fit
with a Balance
Board (WBB)

Wii Fit gamesRendon et al [56]

Balance, risk and fear of
fall, mobility, pain, mood,

12 weeks: total exercise
time of 359 minutes;

106; 77.8 (SD
10.2)/range 58-101 and

Laptop and Kinect
sensor

Tailored fall preven-
tion exergame pro-
gram

Stanmore et al [59]

fatigue, cognition, quality of
life, falls

fall diary for 3 months
after experiment

77.9 (SD 8.9)/range: 58-
96; male/female: 23/83

Balance, gait, falls efficacy12 weeks: 3 times per
week; 80 minutes per
session

21; 72.90 (SD 3.41) and
75.64 (SD 5.57);
male/female: 0/21

Computer with a
web camera, head-
mounted display

Otago exerciseYoo et al [62]

Balance8 weeks: 3 times per
week; 30 minutes per
session

32; 73.1 (SD 1.1) and
71.7 (SD 1.2); male/fe-
male: not specified

Nintendo Wii Fit
with a Balance
Board

Wii Fit gamesCho et al [49]

JMIR Aging 2021 | vol. 4 | iss. 2 |e27972 | p.154https://aging.jmir.org/2021/2/e27972
(page number not for citation purposes)

Nishchyk et alJMIR AGING

XSL•FO
RenderX

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


Outcome measuresDuration of intervention
and follow-up

Sample size (n); age

(years)a (experimental
and control groups); gen-
der

TechnologyType of exerciseStudy

Dynamic balance, coordina-
tion, fall risk, posture

4 weeks: 3 times per
week; 30 minutes per
session

36; 64.7 (SD 7.27) and
65.0 (SD 4.77); male/fe-
male: 17/17

3D interactive sys-
tem using a kinetic
sensor

Balance trainingKu et al [28]

Gait, balance4 weeks: 3 times per
week; 30 minutes per
session

40; 75.8 (SD 6.5) and
75.7 (SD 5.3); male/fe-
male: 11/29

TV, 2 webcams, sta-
tionary bulls-eye tar-
get

Walking on a tread-
mill

Anson et al [57]

Balance6 weeks: 1 time per
week; 60 minutes per
session

79; 82.3 (SD 3.8) and
82.0 (SD 4.3); male/fe-
male: 31/48

Nintendo Wii FitWii Fit gamesTsang and Fu [50]

Static and dynamic balance6 weeks: 2 times per
week; 60 minutes per
session

40; 76.15 (SD 4.55) and
75.71 (SD 4.91);
male/female: 17/23

Nintendo Wii Fit
with a Balance
Board and Wii Fit
joystick

Wii Fit gamesLee et al [51]

Balance8 weeks: 3 times per
week; 30 minutes per
session

28; 72.2 (SD 2.8) and
75.1 (SD 5.5); male/fe-
male: 3/25

AR training system
(based on Microsoft
Kinect)

Traditional Tai Chi
exercises

Chen et al [52]

Physical performance, bal-
ance, mobility, walking
skill, exercise, Self-Efficacy
Scale

12 weeks: 5 times per
week; 30 minutes per
session

27; 72.77 (SD 3.79) and
72.71 (SD 3.64);
male/female: 0/27

AR-based exercise
rehabilitation system
(UIN-HEALT); PC,
a 3D motion analy-
sis sensor

Regular, aerobic,
and flexibility exer-
cises

Jeon and Kim [53]

aValues (age) are listed as mean (SD) unless otherwise specified.
bVR: virtual reality.
cAR: augmented reality.

Duration of the Intervention
The duration of the intervention experiments in the selected
studies ranged from 4 to 16 weeks. The frequency of the training
in the majority of the studies (19 out of 21) was 2 to 3 exercise
training sessions per week; the exceptions were the studies by
Jeon and Kim [53], which had 5 training sessions per week, and
Gschwind et al [48], which did not specify the number of
training sessions per week but recommended 120 minutes/week
for balance exergames and 60 minutes/week for strength
exercises. The training sessions in all the studies had a duration
of 30-60 minutes per session, except [48] which did not specify
the duration of the training sessions.

Type of Exercise and Technology
As a physical exercise basis for the MR intervention, the studies
used different conventional exercises; sets of training sessions
and games, including kayaking; walking on a treadmill;
variations of a balance training; and exercise complexes with
different types of exercises. Seven studies used commercial
console games: Kinect games [54,55] and Wii Fit games
[49-51,56,58]. Two studies used walking on a treadmill [29,57].
Two used Otago exercises (exercises for leg muscle strength
and balance, progressing in difficulty, in addition to a walking
plan) [61,62]. Four studies used balance training [28,44-46].
Two used other sets of exercises: a combination of balance and
muscle strength sessions [48] and regular, aerobic, and flexibility
exercises [53]. Park and Yim [60] used virtual “kayaking,” Chen
et al [52] used traditional Tai Chi exercises, Stanmore et al [59]
used a tailored fall prevention exergame program, and Htut et

al [47] used VR games for physical training and brain games
for cognitive training.

Regarding the technology used in the selected studies,
commercial off-the-shelf consoles were used in 7 of them: The
Nintendo Wii Fit in 5 [49-51,56,58] and the Microsoft Xbox
360 Kinect in 2 [54,55]. Two studies used the Balance
Rehabilitation Unit VR system [45,46]. Yeşilyaprak et al [44]
used the BTS NIRVANA VR Interactive System, Jeon and Kim
[53] used the AR exercise rehabilitation system UIN-HEALT,
and Gschwind et al [48] used the iStoppFalls system, which is
based on the Kinect sensor. Three additional studies used other
systems based on the Kinect sensor [28,52,59].

Involvement of Health Care Professionals/Caregivers
Information about specialists’ involvement in exercise sessions
was also extracted from the selected studies. Eight studies did
not mention the involvement of any health care specialists or
physiotherapists during the exercise training sessions. In 7
studies, the training sessions of the participants were supervised
or lead by health care professionals [29,44,45,51,56,58,59]. In
the study by Tsang and Fu [50], only control group training was
led by health care professionals. In the study by Jeon and Kim
[53], the intervention system was operated by an exercise
specialist who controlled participant’s training modules and
difficulty levels. In 4 studies, participants had 1 or several pilot
sessions (trial sessions, familiarization sessions) [54,55,58,62].
In 6 studies participants received educational materials/booklets
or fall prevention recommendations/instructions
[46,48,51,57,59,61]. Participants in the study by Chen et al [52]
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received instructions from a certified Tai Chi master. In 2
studies, the exercises were conducted by health care specialists
[47,55].

Outcome Measures and Results
The most common outcome measure was balance. Seventeen
papers used balance (static and dynamic) as an outcome measure
for their study, meaning only 4 studies [46,48,54,58] did not
use balance as an outcome measure. Other outcome measures
considered in the selected studies included gait parameters
[29,54,57,62], muscle strength [47,60,61], mobility [29,53,59],
and posture [28,46,54].

Four papers [29,46,48,59] evaluated not only fall risk factors
but also the number of falls. For instance, Mirelman et al [29]
demonstrated that the fall rate in the intervention group was
significantly lower after the treatment than before. The results
of the conventional exercise group did not show a significant
decrease in the number of falls.

Eighteen studies demonstrated that the MR intervention had a
positive effect on the fall risk factors and fall rate among elderly
participants [28,29,45-53,55-57,59-62]. Three studies [44,54,58]
did not find a significant difference between the experimental
(MR intervention) and control groups.

Quantitative Analysis: Principal Analysis Results
Data from BBS and TUG measures of physical function were
pooled for quantitative analysis (Figure 4). Participants’balance
measured using the BBS was reported in 9 trials
[28,44,47,50-52,57,59,62]. There was a statistically significant
difference between the BBS scores of the intervention and
control groups (ES: 0.564, 95% CI 0.246-0.882; P<.001) with

heterogeneity statistics of I2=54.9% and Q=17.74 (P=.02). The
robumeta analysis showed the overall pooling effect from the
BBS and TUG measurements: the SMD was 0.37 (0.02-0.72),
with P=.04.

Participants’ balance measured using the TUG was reported in
11 trials [28,44,45,47,48,50-52,55,57,59]. The analysis also
showed a statistical difference between the TUG scores of the
intervention and control groups, but this difference was not
significant (ES: 0.318; 95% CI –0.025 to 0.662; P=.07). The

heterogeneity statistics were I2=77.6% and Q=44.63 (P<.001).

From the corresponding funnel plot (Figure 5) and the Egger
test for small-study effects (P=.76 and P=.11) for the BBS and
TUG scores, respectively, a minor publication bias in the studies
on TUG (P=.11) might be present.
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Figure 4. Meta-analysis forest plot [28, 44, 45, 47, 48, 50-52, 55, 57, 59, 62].
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Figure 5. Funnel plot for TUG.

To explain the high level of heterogeneity, the data were
assessed in relation to several different parameters: the control
group approach (exercise/no exercise/not specified), the MR
technology used (developed in-house/off-the-shelf product),
and the total time participants spent exercising. However, no
statistical differences were found among the groups. These
results could be related to the small number of studies included
in the meta-analysis, especially after they were split into several
categories. For instance, there was only 1 study using the BBS

test (Figure 6) that contained a control group that did not
perform physical exercise. Alternatively, the high level of
heterogeneity could be related to other differences in study
design or participant demographics, such as differences in mean
participant age or exercise intensity.

Overall, both BBS and TUG results demonstrate improvement
with the MR intervention. The BBS improvement was found
to be significant with a bias (P<.001), whereas the TUG
improvement was not significant (P=.07).
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Figure 6. BBS test forest plot based on control group approach. BBS: Berg Balance Scale [28, 44, 47, 50-52, 57, 59, 62].

Discussion

Principal Findings
The systematic literature review provides an analysis of MR
technologies that have been used for elderly training and use of
MR interventions in the studies (RQ1). The results showed a
common use of commercial consoles and a lack of specialized
software/hardware that focuses on physical training and
developed specifically for older users. The study also revealed
a positive effect of MR intervention on the fall risk factors of
older adults. The quantitative analysis of BBS and TUG shows
an improvement of participants’ physical functions (RQ2).

Number of Relevant Papers
Although our database search yielded a high number of
candidate articles, only 21 studies satisfied all inclusion and
exclusion criteria and were included in this qualitative analysis.
Because these studies used a wide variety of outcome measures,
only 12 were included in the quantitative meta-analysis. Many
papers were excluded because their research focus was outside
the scope of this work, for example, focusing on a particular
disease, investigating fear of falling, or considering participants’
emotions and attitudes toward MR. This indicates the huge
scope of current research interests in MR technologies for older

adults; however, it also reveals a dearth of studies focused on
the effects of MR intervention on the physical health and risk
of falling of healthy older individuals. According to Hamm et
al [63], technological interventions (including MR) have been
developed for various purposes within the scope of fall
prevention research, such as diagnostics, fall detection,
self-assessment for assistive equipment or fall risk treatment,
postfall treatment, and injury prevention. This could explain
the high number of initial search results, because, despite their
different focuses, all such studies consider technical intervention
in the context of falls with older adults as a target group.
However, in this study, we focused only on studies that
considered the effect of MR fall prevention interventions on
health-related fall risk factors and fall frequency.

Study Design
The selected studies had substantial variations in study design
and intervention protocols. For instance, the studies had different
durations and numbers of physical training sessions per week;
the total exercise time in the studies included in the
meta-analysis spanned a wide range, from 360 to 2880 minutes.
Additionally, the studies used different types of physical
activities and investigated different MR technologies for
intervention, and the papers included little to no information
about the training intensity. The number of participants and
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their demographics also differed from one study to another. All
of these factors complicate the process of systematically
comparing the studies and their outcomes.

One substantial point of variation among the study designs was
the control group approach. In several studies
[28,29,44,50,52,54,57,58,60-62], control groups performed
traditional physical training, whereas in other studies
[48,49,53,56,59], control groups did not do any physical
exercise, and some studies did not specify this aspect at all. The
control group approach is crucial in understanding the effects
of interventional MR technologies. If a study compares an MR
intervention group with a group that did not perform any
physical exercise, the effect cannot be explicitly attributed to
the MR intervention, because the MR and the physical exercise
are likely to have produced a combined effect. Because the
focus of this research is on the effect of MR intervention on the
training process, the studies that compare traditional intervention
methods with intervention using MR technology have more
relevance in the context of our research.

The diversity of the study design, participant demographics,
sample sizes, and intervention protocols makes it difficult to
compare the studies and their outcomes. Choi et al [64] came
to a similar conclusion in their systematic review of exergames
and interactive interventions for elderly fall prevention. They
claimed that there was no consensus regarding study design
among the papers they included in their review, which made it
difficult to draw scientific conclusions on the effectiveness of
different intervention methodologies.

Therefore, it is important to develop general design
recommendations for studies aimed at the assessment of the
effectiveness of technical intervention as a fall prevention
method for older adults. In addition, more studies with large
sample sizes should be performed based on the developed
recommendations to allow the comparison of the results across
studies and the formulation of scientific conclusions on the
effectiveness of MR intervention.

Outcome Measures
The selected studies used different outcome measures, which
made it complicated to compare the results across studies and
perform a meta-analysis. The studies used different physical
and cognitive parameters, such as the participants’ static and
dynamic balance, to represent the outcome of the experiment.
Furthermore, they used different tests and test systems, such as
the BBS and TUG scores for dynamic balance assessment, to
quantify these parameters. Eleven studies used the TUG to
measure the dynamic balance of the participants as a primary
or secondary outcome measure, and 9 studies used the BBS for
the same purpose. However, dynamic balance is just one of
many common physical parameters that are commonly accepted
as an indicator of fall risk among the elderly. The considered
studies also used gait, muscle straight, and mobility as the
outcome measures, and some included cognitive function tests
or fear of falling assessment.

In addition to complicating the comparison and analysis of the
results, the differences in outcome measures indicate that there
is no consensus on which parameters are important to consider

in research on fall prevention in older adults. According to Perell
et al [65], fall risk assessment does not have a standard within
or across settings. Choi et al [64] mentioned in their review that
there was a wide variety of outcome measures in the reviewed
publications. Therefore, more studies using the same outcome
measures should be performed to enable a comparison of their
results.

Three studies [29,46,48] included a follow-up 6-9 months after
intervention, and in another study [59] authors instructed
participants to keep a 3-month fall diary; both of these
approaches made it possible to investigate the actual rate of
falls experienced by older adults after they participated in the
studies. Follow-up studies also allow researchers to measure
study outcomes a long time after the experiment and determine
if the participant continues exercising and maintains the results
of the training. This review demonstrates a lack of longitudinal
studies and studies with a follow-up period on the order of
months on MR interventions for fall prevention. Future research
in this area should focus on longitudinal studies.

In the context of fall rate measurement, it is also important to
mention that only 4 studies [29,44-46] collected information
on the participants’ previous falls history and the remaining 17
papers did not specify the participants’ fall history or if they
were at a risk of falling. However, current history of falls is a
fall risk factor [9] and could influence the results of the data
analysis, especially in the case of fall rate assessment. Therefore,
it is recommended that information about participants’previous
history of falls and fall risks be collected in MR fall prevention
intervention research.

Involvement of Health Care Personnel/Caregivers and
Introduction to Participants
One of the aspects we wanted to investigate was the involvement
of health care specialists or caregivers in experiments process.
In several studies, the training sessions of the participants
(experimental group or control group) were supervised or led
by health care professionals [29,44,45,50,51,53,56,58,59].
However, the papers do not provide many details on how the
training supervision was performed or how much assistance the
participants needed from the health care professionals.
Moreover, 8 studies did not mention the involvement of any
health care specialists or physiotherapists during the exercise
training sessions [29,44,45,50,51,56,58,59].

In several studies, the participants also received information,
recommendations, or instructions on the use of MR technology
and how to perform the assigned physical exercises in different
forms. However, the corresponding publications did not mention
how much MR assistance the participants needed during the
experiments or how much help the health care specialists and
physiotherapists provided during the MR intervention. This
makes it difficult to understand if the results of the training
could differ depending on each user’s ability to use the MR
technology unassisted.

Factors That Can Influence the Outcome of the MR
Intervention
MR intervention is treated as a black box in most of the studies.
There are many factors that can affect the outcome. For instance,
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the papers did not provide any details on the usability issues
that elderly participants may have experienced with the MR
intervention. According to the literature, elderly users have high
demands regarding the usability of technology [66] and tend to
have low acceptance of technology [67]. According to Tuena
et al [68], usability is very important, especially for virtual
systems used in medical contexts. Usability influences the ease
with which a task can be accomplished, whether the user can
perform the task quickly, whether the user can retain an
understanding of how to use the system, and how many errors
the user makes [68]. We can assume that all of these parameters
influence the effect of the MR-based physical activity. For these
reasons, it is important to understand if participants have
experienced any usability issues during the intervention.

In addition to usability there are other factors that can influence
the acceptance of technology by elderly. Because an evaluation
of the acceptance of technology was not a priority of this review
and meta-analysis, we excluded studies that focused specifically
on acceptance and perception aspects of MR intervention
technology for fall prevention. However, considering such
factors including usability as an additional characteristic in the
context of physical function testing could reveal confounding
factors that could influence the results of the studies.

Variety of Type of Training Sessions and Technologies
Different types of physical activities were used in the selected
studies, including kayaking, variations of a balance training,
and Tai Chi. The complexity of the exercises ranged from a
simple walk on a treadmill to a complete exercise program
including several types of exercises such as balance training
and strength exercises. However, despite the difference in the
exercise approach, all the studies demonstrated that MR
intervention had a positive effect on the physical functions of
the participants. From this, we may conclude that the mere
performance of regular physical exercise has a greater value
and importance than the type of exercise. Consequently, the
future development of MR systems for fall prevention should
focus on users’ motivation to exercise regularly. However, very
few studies used multiple types of physical activities. To
perform a meta-analysis and investigate possible differences in
effectiveness among various types of exercises, more studies
that use the same type of physical activity and the same study
design would be necessary. Thus, further investigation of MR
interventions in combination with different physical activities
is needed to determine the most effective combination for fall
prevention among older adults.

Regarding the type of MR technology, 7 studies
[49-51,54-56,58] used commercial video game consoles
(Microsoft Kinect motion sensor device and Nintendo Wii video
game console). The results of this review demonstrate a lack of
specialized software/hardware developed for physical exercises
with older users as a target group. Future research should focus
on developing and testing MR fall prevention systems designed
specifically for older users that would, for instance, help to
increase usability within the target group.

Terminology
One of the main challenges we experienced during the review
process is the inconsistent use of terminology in defining MR,
VR, and AR technologies. Some of the studies that used similar
interventions or sometimes even the same system used different
terms to define it. For example, in the study by Ku et al [28], a
Microsoft Kinect, a laptop, and a big screen were used to create
an interactive training environment, which the authors called
an AR system, whereas Mirelman et al [29] used a modified
Microsoft Kinect, a computer, and a large screen to create a
very similar set up but described it as a VR. This clash in
terminology despite the similarity of the systems demonstrates
the need for further investigation of MR interventions and
clearer definitions of the terms AR and VR, especially because
of how popular these technologies have become. Clearer
definitions would help researchers in their investigation of the
benefits of these technologies in relation to fall prevention
among older adults.

Limitations
This review was limited by the high degree of heterogeneity in
the data pooled for meta-analysis. Although the evaluated studies
share similar aims and methodologies, there were many
differences regarding their study design and outcome measures,
such as experiment duration, types of physical exercises and
technologies, and participant demographics. We acknowledge
the high statistical heterogeneity across the meta-analysis
indicating unknown between-trial variability. The results of the
meta-analysis should therefore be viewed with caution.

Another limitation of this study is that we did not assess quality
of the selected studies, for instance, using instruments such as
GRADE (Grading of Recommendations, Assessment,
Development and Evaluations) [69] or the PEDro scale (The
Physiotherapy Evidence Database) [70]. However, a thorough
qualitative analysis of the studies was performed.

In this systematic review, we considered studies that included
an investigation of the effect of MR intervention against falls
among older adults, which is measured as the number of falls
or risk factors for falling. However, we excluded publications
that focused only on fear of falling, falls self-efficacy, and
cognitive functions, although these are also fall risk factors.
Further research should investigate MR fall prevention
interventions in relation to these outcome measures.

Recommendations for Future Work
MR technology has the potential to help prevent falls among
the elderly and improve the overall quality of their lives.
However, more research should focus on the effect of MR
intervention on elderly physical health and the risk of falling
among healthy elderly individuals. More specifically, we find
that the following main points should be addressed in future
work.

• General recommendations regarding study design and
intervention protocols should be developed for MR fall
prevention intervention research.

• More research should be conducted with a homogeneous
study design and using the same outcome measures.
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• More longitudinal studies on MR fall prevention
interventions should be conducted.

• Researchers should collect information on participants’
history of falls.

• The involvement of health specialists and caregivers in
experiments should be specified.

• More studies on the effects of MR fall prevention
intervention should also include a parallel study on factors
such as MR usability that can influence the acceptance of
the technology and the outcome of the intervention.

Conclusion
The systematic review and meta-analysis were performed to
gather data and summarize evidence of the effectiveness of MR
interventions as a fall prevention method for older adults. To
our knowledge, this is the first systematic review and
meta-analysis to examine the effectiveness of the full spectrum
of MR technologies for fall prevention intervention. Previous

similar reviews have focused specifically on VR [27] and
exergames [64].

The qualitative analysis on the selected papers demonstrated
that results of most studies showed the positive effect of MR
intervention on the fall risk factors of older participants. The
meta-analysis results suggest that MR interventions improved
physical function as measured by the BBS and TUG scores.
The results of this study are in agreement with a recent
systematic literature review [64] on the use of exergames for
fall prevention and a recent meta-analysis [27] on the effect of
VR interventions on mobility and balance among older adults.

This study demonstrated that the use of MR interventions has
a positive effect on physical functions in older adults. MR has
the ability to help elderly users perform physical exercises,
which could prevent falls among older adults and improve their
health conditions. More research should focus on the effect of
MR interventions on elderly health and the risk of falling among
healthy elderly individuals.

 

Conflicts of Interest
None declared.

Multimedia Appendix 1
Summary of the qualitative results of the systematic review.
[PDF File (Adobe PDF File), 207 KB - aging_v4i2e27972_app1.pdf ]

References
1. United Nations DoEaSA, Population Division. World Population Ageing 2017. (ST/ESA/SER.A/408). 2017. URL: https:/

/www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2017_Report.pdf [accessed 2021-02-14]
2. Gillespie LD, Robertson MC, Gillespie WJ, Sherrington C, Gates S, Clemson LM. Interventions for preventing falls in

older people living in the community. Cochrane database of systematic reviews 2012(9):1-264. [doi:
10.1002/14651858.cd007146.pub3]

3. Hauer K, Lamb SE, Jorstad E, Todd C, Becker C. Systematic review of definitions and methods of measuring falls in
randomised controlled fall prevention trials. Age and ageing 2006;35(1):5-10. [doi: 10.1093/ageing/afi218]

4. Li F, Harmer P. Protocol for disseminating an evidence-based fall prevention program in community senior centers:
evaluation of translatability and public health impact via a single group pre-post study. Implementation Science 2014;9(1):1-7.
[doi: 10.1186/1748-5908-9-63] [Medline: 24884784]

5. Luk JK, Chan T, Chan DK. Falls prevention in the elderly: translating evidence into practice. Hong Kong Med J
2015;21(2):165-171. [doi: 10.12809/hkmj144469]

6. Goodwin VA, Abbott RA, Whear R, Bethel A, Ukoumunne OC, Thompson-Coon J, et al. Multiple component interventions
for preventing falls and fall-related injuries among older people: systematic review and meta-analysis. BMC Geriatrics
2014;14(1):1-8. [doi: 10.1186/1471-2318-14-15]

7. Vieira ER, Palmer RC, Chaves PHM. Prevention of falls in older people living in the community. BMJ 2016;353:i1419:1-13.
[doi: 10.1136/bmj.i1419]

8. Belgen B, Beninato M, Sullivan PE, Narielwalla K. The Association of Balance Capacity and Falls Self-Efficacy With
History of Falling in Community-Dwelling People With Chronic Stroke. Archives of Physical Medicine and Rehabilitation
2006;87(4):554-561. [doi: 10.1016/j.apmr.2005.12.027]

9. Deandrea S, Lucenteforte E, Bravi F, Foschi R, La Vecchia C, Negri E. Risk Factors for Falls in Community-dwelling
Older People: A Systematic Review and Meta-analysis. Epidemiology 2010;21(5):658-668. [doi:
10.1097/ede.0b013e3181e89905]

10. Rubenstein LZ. Falls in older people: epidemiology, risk factors and strategies for prevention. Age Ageing 2006;35 Suppl
2:ii37-ii41 [FREE Full text] [doi: 10.1093/ageing/afl084] [Medline: 16926202]

11. Stenhagen M, Ekström H, Nordell E, Elmståhl S. Falls in the general elderly population: a 3- and 6- year prospective study
of risk factors using data from the longitudinal population study 'Good ageing in Skane'. BMC Geriatrics 2013;13(1):1-11
[FREE Full text] [doi: 10.1186/1471-2318-13-81] [Medline: 23919320]

JMIR Aging 2021 | vol. 4 | iss. 2 |e27972 | p.162https://aging.jmir.org/2021/2/e27972
(page number not for citation purposes)

Nishchyk et alJMIR AGING

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=aging_v4i2e27972_app1.pdf&filename=bf68dd85d3d8b066f987d54c70320d28.pdf
https://jmir.org/api/download?alt_name=aging_v4i2e27972_app1.pdf&filename=bf68dd85d3d8b066f987d54c70320d28.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2017_Report.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2017_Report.pdf
http://dx.doi.org/10.1002/14651858.cd007146.pub3
http://dx.doi.org/10.1093/ageing/afi218
http://dx.doi.org/10.1186/1748-5908-9-63
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24884784&dopt=Abstract
http://dx.doi.org/10.12809/hkmj144469
http://dx.doi.org/10.1186/1471-2318-14-15
http://dx.doi.org/10.1136/bmj.i1419
http://dx.doi.org/10.1016/j.apmr.2005.12.027
http://dx.doi.org/10.1097/ede.0b013e3181e89905
http://ageing.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=16926202
http://dx.doi.org/10.1093/ageing/afl084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16926202&dopt=Abstract
http://bmcgeriatr.biomedcentral.com/articles/10.1186/1471-2318-13-81
http://dx.doi.org/10.1186/1471-2318-13-81
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23919320&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


12. Tse MM, Tang SK, Wan VT, Vong SK. The Effectiveness of Physical Exercise Training in Pain, Mobility, and Psychological
Well-being of Older Persons Living in Nursing Homes. Pain Management Nursing 2014;15(4):778-788. [doi:
10.1016/j.pmn.2013.08.003]

13. Mirelman A, Rochester L, Reelick M, Nieuwhof F, Pelosin E, Abbruzzese G. V-TIME: a treadmill training program
augmented by virtual reality to decrease fall risk in older adults: study design of a randomized controlled trial. BMC
Neurology 2013;13(1):1-12. [doi: 10.1186/1471-2377-13-15]

14. El-Khoury F, Cassou B, Charles MA, Dargent-Molina P. The effect of fall prevention exercise programmes on fall induced
injuries in community dwelling older adults: systematic review and meta-analysis of randomised controlled trials. British
Journal of Sports Medicine 2013;49(20):1-13. [doi: 10.1136/bmj.f6234]

15. Kojima T, Hiyama A, Kobayashi K, Kamiyama S, Ishii N, Hirose M. EXILE: Experience based Interactive Learning
Environment. In: AH '16: Proceedings of the 7th Augmented Human International Conference 2016. 2016 Presented at:
7th Augmented Human International Conference 2016; 2016; New York, United States p. 1-2. [doi:
10.1145/2875194.2875206]

16. Taylor SF, Coogle CL, Cotter JJ, Welleford EA, Copolillo A. Community-Dwelling Older Adults’ Adherence to
Environmental Fall Prevention Recommendations. J Appl Gerontol 2017;38(6):755-774. [doi: 10.1177/0733464817723087]
[Medline: 28799443]

17. Simek EM, McPhate L, Haines TP. Adherence to and efficacy of home exercise programs to prevent falls: A systematic
review and meta-analysis of the impact of exercise program characteristics. Preventive Medicine 2012;55(4):262-275. [doi:
10.1016/j.ypmed.2012.07.007]

18. Gell NM, Patel KV. Rehabilitation Services Use of Older Adults According to Fall-Risk Screening Guidelines. Journal of
the American Geriatrics Society 2019;67(1):100-107. [doi: 10.1111/jgs.15625]

19. Valenzuela T, Okubo Y, Woodbury A, Lord SR, Delbaere K. Adherence to Technology-Based Exercise Programs in Older
Adults: A Systematic Review. Journal of Geriatric Physical Therapy 2018;41(1):49-61. [doi: 10.1519/JPT.0000000000000095]
[Medline: 27362526]

20. Louw AJ, Van Biljon A, Mugandani SC. Exercise motivation and barriers among men and women of different age groups
psychology. African Journal for Physical Health Education, Recreation and Dance 2012;18(41):759-768 [FREE Full text]

21. Chao D, Foy CG, Farmer D. Exercise Adherence among Older Adults: Challenges and Strategies. Controlled Clinical Trials
2000;21(5 Supplement 1):S212-S217. [doi: 10.1016/s0197-2456(00)00081-7]

22. Pivec M, Kearney P. Games for learning and learning from games. Organizacija 2007;40(6):267-272 [FREE Full text]
23. Yim J, Graham TCN. Using Games to Increase Exercise Motivation. In: Proceedings of the 2007 conference on Future

Play. 2007 Presented at: Future Play; 2007; Toronto, Canada p. 166-173. [doi: 10.1145/1328202.1328232]
24. Goh DHL, Razikin K. Is Gamification Effective in Motivating Exercise? In: Human-Computer Interaction: Interaction

Technologies, 9170.: Springer, Cham; 2015 Presented at: International Conference on Human-Computer Interaction; 2015;
Los Angeles, California, USA p. 608-617. [doi: 10.1007/978-3-319-20916-6_56]

25. Dockx K, Alcock L, Bekkers E, Ginis P, Reelick M, Pelosin E, et al. Fall-Prone Older People's Attitudes towards the Use
of Virtual Reality Technology for Fall Prevention. Gerontology 2017;63(6):590-598. [doi: 10.1159/000479085] [Medline:
28817828]

26. Mirelman A, Maidan I, Shiratzky SS, Hausdorff JM. Virtual Reality Training as an Intervention to Reduce Falls. In:
Montero-Odasso M, Camicioli R, editors. Falls and Cognition in Older Persons. Cham: Springer; 2020:309-321.

27. Neri SG, Cardoso JR, Cruz L, Lima RM, de Oliveira RJ, Iversen MD, et al. Do virtual reality games improve mobility
skills and balance measurements in community-dwelling older adults? Systematic review and meta-analysis. Clinical
Rehabilitation 2017;31(10):1292-1304. [doi: 10.1177/0269215517694677] [Medline: 28933612]

28. Ku J, Kim YJ, Cho S, Lim T, Lee HS, Kang YJ. Three-Dimensional Augmented Reality System for Balance and Mobility
Rehabilitation in the Elderly: A Randomized Controlled Trial. Cyberpsychology, Behavior, and Social Networking
2019;22(2):132-141. [doi: 10.1089/cyber.2018.0261]

29. Mirelman A, Rochester L, Maidan I, Del Din S, Alcock L, Nieuwhof F, et al. Addition of a non-immersive virtual reality
component to treadmill training to reduce fall risk in older adults (V-TIME): a randomised controlled trial. The Lancet
2016;388(10050):1170-1182. [doi: 10.1016/s0140-6736(16)31325-3]

30. Milgram P, Takemura H, Utsumi A, Kishino F. Augmented reality: a class of displays on the reality-virtuality continuum.
In: Proceedings Volume 2351, Telemanipulator and Telepresence Technologies. 1995 Presented at: Photonics for Industrial
Applications; 1994; Boston, MA, United States p. 1-11. [doi: 10.1117/12.197321]

31. McMillan K, Flood K, Glaeser R. Virtual reality, augmented reality, mixed reality, and the marine conservation movement.
Aquatic Conservation: Marine and Freshwater Ecosystems 2017;27:162-168. [doi: 10.1002/aqc.2820]

32. Höllerer T, Feiner S. Mobile Augmented Reality. In: Karimi HA, Hammad A, editors. Telegeoinformatics: Location-based
computing and services. Milton Park, Abingdon-on-Thames, Oxfordshire United Kingdom: Taylor & Francis books Ltd;
2004.

33. Papegaaij S, Morang F, Steenbrink F. Virtual and augmented reality based balance and gait training. White paper. Motek
Medical B.V. 2017. URL: https://hocoma.b-cdn.net/wp-content/uploads/2017/02/09083229/Motek-whitepaper-2017-02-02.
pdf [accessed 2021-02-14]

JMIR Aging 2021 | vol. 4 | iss. 2 |e27972 | p.163https://aging.jmir.org/2021/2/e27972
(page number not for citation purposes)

Nishchyk et alJMIR AGING

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.pmn.2013.08.003
http://dx.doi.org/10.1186/1471-2377-13-15
http://dx.doi.org/10.1136/bmj.f6234
http://dx.doi.org/10.1145/2875194.2875206
http://dx.doi.org/10.1177/0733464817723087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28799443&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2012.07.007
http://dx.doi.org/10.1111/jgs.15625
http://dx.doi.org/10.1519/JPT.0000000000000095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27362526&dopt=Abstract
https://www.ajol.info/index.php/ajpherd/article/view/83839
http://dx.doi.org/10.1016/s0197-2456(00)00081-7
http://organizacija.fov.uni-mb.si/index.php/organizacija/article/view/208
http://dx.doi.org/10.1145/1328202.1328232
http://dx.doi.org/10.1007/978-3-319-20916-6_56
http://dx.doi.org/10.1159/000479085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28817828&dopt=Abstract
http://dx.doi.org/10.1177/0269215517694677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28933612&dopt=Abstract
http://dx.doi.org/10.1089/cyber.2018.0261
http://dx.doi.org/10.1016/s0140-6736(16)31325-3
http://dx.doi.org/10.1117/12.197321
http://dx.doi.org/10.1002/aqc.2820
https://hocoma.b-cdn.net/wp-content/uploads/2017/02/09083229/Motek-whitepaper-2017-02-02.pdf
https://hocoma.b-cdn.net/wp-content/uploads/2017/02/09083229/Motek-whitepaper-2017-02-02.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


34. Anderson F, Grossman T, Matejka J, Fitzmaurice G. YouMove: enhancing movement training with an augmented reality
mirror. In: UIST '13: Proceedings of the 26th annual ACM symposium on User interface software and technology. 2013
Presented at: The 26th Annual ACM Symposium on User Interface Software and Technology; 2013; St. Andrews Scotland,
United Kingdom p. 311-320. [doi: 10.1145/2501988.2502045]

35. Yuen SCY, Yaoyuneyong G, Johnson E. Augmented Reality: An Overview and Five Directions for AR in Education.
Journal of Educational Technology Development and Exchange 2011;4(1):119-140. [doi: 10.18785/jetde.0401.10]

36. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for systematic review
and meta-analysis protocols (PRISMA-P) 2015 statement. Systematic reviews 2015;4, 1:1-9 [FREE Full text] [doi:
10.1186/2046-4053-4-1] [Medline: 25554246]

37. World Health Organization. Men, ageing and health: Achieving health across the life span. (No. WHO/NMH/NPH/01.2).
2001. URL: https://apps.who.int/iris/bitstream/handle/10665/66941/WHO_NMH_NPH_01.2.pdf [accessed 2021-02-14]

38. Redish J, Chisnell D. Designing Web Sites for Older Adults: A Review of Recent Research. AARP. 2004. URL: https:/
/assets.aarp.org/www.aarp.org_/articles/research/oww/AARP-LitReview2004.pdf [accessed 2020-02-14]

39. Bhangu J, King-Kallimanis BL, Donoghue OA, Carroll L, Kenny RA. Falls, non-accidental falls and syncope in
community-dwelling adults aged 50 years and older: Implications for cardiovascular assessment. PlOS One 2017;12(7):1-12.
[doi: 10.1371/journal.pone.0180997]

40. Crockett K, Farthing JP, Basran J, Dal Bello-Haas V, Johnston G, Haver CRA, et al. Changes in fall risk and functional
status in women aged 50 years and older after distal radius fracture: A prospective 1-year follow-up study. Journal of Hand
Therapy 2019;32(1):17-24. [doi: 10.1016/j.jht.2017.09.009]

41. Martins AC, Moreira J, Silva C, Silva J, Tonelo C, Baltazar D, et al. Multifactorial Screening Tool for Determining Fall
Risk in Community-Dwelling Adults Aged 50 Years or Over (FallSensing): Protocol for a Prospective Study. JMIR research
protocols 2018;7(8):e10304. [doi: 10.2196/10304] [Medline: 30072360]

42. Berg KO, Maki BE, Williams JI, Holliday PJ, Wood-Dauphinee SL. Clinical and laboratory measures of postural balance
in an elderly population. Archives of physical medicine and rehabilitation 1992;73(11):1073-1080. [Medline: 1444775]

43. Podsiadlo D, Richardson S. Journal of the American Geriatrics Society 2015;39(2):142-148. [doi:
10.1111/j.1532-5415.1991.tb01616.x]

44. Yeşilyaprak SS, Yıldırım M, Tomruk M, Ertekin Ö, Algun ZC. Comparison of the effects of virtual reality-based balance
exercises and conventional exercises on balance and fall risk in older adults living in nursing homes in Turkey. Physiotherapy
Theory and Practice 2016;32(3):191-201. [doi: 10.3109/09593985.2015.1138009]

45. Phu S, Vogrin S, Al Saedi A, Duque G. Balance training using virtual reality improves balance and physical performance
in older adults at high risk of falls. Clinical interventions in aging 2019;14:1567-1577. [doi: 10.2147/cia.s220890]

46. Duque G, Boersma D, Loza-Diaz G, Hassan S, Suarez H, Geisinger D, et al. Effects of balance training using a virtual-reality
system in older fallers. Clinical interventions in aging 2013;8:257-263. [doi: 10.2147/cia.s41453]

47. Htut TZC, Hiengkaew V, Jalayondeja C, Vongsirinavarat M. Effects of physical, virtual reality-based, and brain exercise
on physical, cognition, and preference in older persons: a randomized controlled trial. European Review of Aging and
Physical Activity 2018;15(10):1-12. [doi: 10.1186/s11556-018-0199-5]

48. Gschwind YJ, Eichberg S, Ejupi A, de Rosario H, Kroll M, Marston HR, et al. ICT-based system to predict and prevent
falls (iStoppFalls): results from an international multicenter randomized controlled trial. European review of aging and
physical activity 2015;12:10 [FREE Full text] [doi: 10.1186/s11556-015-0155-6] [Medline: 26865874]

49. Cho GH, Hwangbo G, Shin HS. The Effects of Virtual Reality-based Balance Training on Balance of the Elderly. Journal
of physical therapy science 2014;26(4):615-617. [doi: 10.1589/jpts.26.615]

50. Tsang WWN, Fu ASN. Virtual reality exercise to improve balance control in older adults at risk of falling. Hong Kong
Med J 2016;22 Suppl 2:S19-S22 [FREE Full text] [Medline: 26908338]

51. Lee Y, Choi W, Lee K, Song C, Lee S. Virtual reality training with three-dimensional video games improves postural
balance and lower extremity strength in community-dwelling older adults. Journal of aging and physical activity
2017;25(4):621-627. [doi: 10.1123/japa.2015-0271]

52. Chen PJ, Penn IW, Wei SH, Chuang LR, Sung WH. Augmented reality-assisted training with selected Tai-Chi movements
improves balance control and increases lower limb muscle strength in older adults: A prospective randomized trial. Journal
of Exercise Science & Fitness 2020;18(3):142-147. [doi: 10.1016/j.jesf.2020.05.003]

53. Jeon S, Kim J. Effects of Augmented-Reality-Based Exercise on Muscle Parameters, Physical Performance, and Exercise
Self-Efficacy for Older Adults. International Journal of Environmental Research and Public Health 2020;17(9):3260. [doi:
10.3390/ijerph17093260]

54. Bacha JMR, Gomes GCV, de Freitas TB, Viveiro LAP, da Silva KG, Bueno GC, et al. Effects of Kinect Adventures Games
Versus Conventional Physical Therapy on Postural Control in Elderly People: A Randomized Controlled Trial. Games for
health journal 2018;7(1):24-36. [doi: 10.1089/g4h.2017.0065] [Medline: 29239677]

55. Sápi M, Domján A, Fehérné Kiss A, Pintér S. Is Kinect Training Superior to Conventional Balance Training for Healthy
Older Adults to Improve Postural Control? Games for Health Journal 2019;8(1):41-48. [doi: 10.1089/g4h.2018.0027]

56. Rendon AA, Lohman EB, Thorpe D, Johnson EG, Medina E, Bradley B. The effect of virtual reality gaming on dynamic
balance in older adults. Age and Ageing 2012;41(4):549-552. [doi: 10.1093/ageing/afs053]

JMIR Aging 2021 | vol. 4 | iss. 2 |e27972 | p.164https://aging.jmir.org/2021/2/e27972
(page number not for citation purposes)

Nishchyk et alJMIR AGING

XSL•FO
RenderX

http://dx.doi.org/10.1145/2501988.2502045
http://dx.doi.org/10.18785/jetde.0401.10
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/2046-4053-4-1
http://dx.doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25554246&dopt=Abstract
https://apps.who.int/iris/bitstream/handle/10665/66941/WHO_NMH_NPH_01.2.pdf
https://assets.aarp.org/www.aarp.org_/articles/research/oww/AARP-LitReview2004.pdf
https://assets.aarp.org/www.aarp.org_/articles/research/oww/AARP-LitReview2004.pdf
http://dx.doi.org/10.1371/journal.pone.0180997
http://dx.doi.org/10.1016/j.jht.2017.09.009
http://dx.doi.org/10.2196/10304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30072360&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1444775&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.1991.tb01616.x
http://dx.doi.org/10.3109/09593985.2015.1138009
http://dx.doi.org/10.2147/cia.s220890
http://dx.doi.org/10.2147/cia.s41453
http://dx.doi.org/10.1186/s11556-018-0199-5
http://eurapa.biomedcentral.com/articles/10.1186/s11556-015-0155-6
http://dx.doi.org/10.1186/s11556-015-0155-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26865874&dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.615
http://www.hkmj.org/abstracts/v22%20Suppl%202n/S19.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26908338&dopt=Abstract
http://dx.doi.org/10.1123/japa.2015-0271
http://dx.doi.org/10.1016/j.jesf.2020.05.003
http://dx.doi.org/10.3390/ijerph17093260
http://dx.doi.org/10.1089/g4h.2017.0065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29239677&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2018.0027
http://dx.doi.org/10.1093/ageing/afs053
http://www.w3.org/Style/XSL
http://www.renderx.com/


57. Anson E, Ma L, Meetam T, Thompson E, Rathore R, Dean V, et al. Trunk motion visual feedback during walking improves
dynamic balance in older adults: Assessor blinded randomized controlled trial. Gait & Posture 2018;62:342-348. [doi:
10.1016/j.gaitpost.2018.03.044]

58. Singh DK, Rajaratnam BS, Palaniswamy V, Pearson H, Raman VP, Bong PS. Participating in a virtual reality balance
exercise program can reduce risk and fear of falls. Maturitas 2012;73(3):239-243. [doi: 10.1016/j.maturitas.2012.07.011]

59. Stanmore EK, Mavroeidi A, de Jong LD, Skelton DA, Sutton CJ, Benedetto V, et al. The effectiveness and cost-effectiveness
of strength and balance Exergames to reduce falls risk for people aged 55 years and older in UK assisted living facilities:
a multi-centre, cluster randomised controlled trial. BMC Medicine 2019;17(49):1-14. [doi: 10.1186/s12916-019-1278-9]

60. Park J, Yim J. A New Approach to Improve Cognition, Muscle Strength, and Postural Balance in Community-Dwelling
Elderly with a 3-D Virtual Reality Kayak Program. The Tohoku journal of experimental medicine 2016;238(1):1-8. [doi:
10.1620/tjem.238.1]

61. Lee J, Yoo HN, Lee BH. Effects of augmented reality-based Otago exercise on balance, gait, and physical factors in elderly
women to prevent falls: a randomized controlled trial. Journal of physical therapy science 2017;29(9):1586-1589. [doi:
10.1589/jpts.29.1586]

62. Yoo HN, Chung E, Lee BH. The effects of augmented reality-based Otago exercise on balance, gait, and falls efficacy of
elderly women. Journal of physical therapy science 2013;25(7):797-801 [FREE Full text] [doi: 10.1589/jpts.25.797]
[Medline: 24259856]

63. Hamm J, Money AG, Atwal A, Paraskevopoulos I. Fall prevention intervention technologies: A conceptual framework and
survey of the state of the art. Journal of biomedical informatics 2016;59(7):319-345 [FREE Full text] [doi:
10.1016/j.jbi.2015.12.013] [Medline: 26773345]

64. Choi SD, Guo L, Kang D, Xiong S. Exergame technology and interactive interventions for elderly fall prevention: A
systematic literature review. Applied ergonomics 2017;65:570-581. [doi: 10.1016/j.apergo.2016.10.013] [Medline: 27825723]

65. Perell KL, Nelson A, Goldman RL, Luther SL, Prieto-Lewis N, Rubenstein LZ. Fall Risk Assessment Measures: An Analytic
Review. The Journals of Gerontology Series A: Biological Sciences and Medical Sciences 2001;56(12):M761-M766. [doi:
10.1093/gerona/56.12.m761]

66. Holzinger A, Ziefle M, Röcker C. Human-Computer Interaction and Usability Engineering for Elderly (HCI4AGING):
Introduction to the Special Thematic Session. In: ICCHP 2010: Computers Helping People with Special Needs.
Human-computer interaction and usability engineering for elderly (HCI4AGING): introduction to the special thematic
session. International Conference on Computers for Handicapped Persons; 2010 Presented at: 12th International Conference
ICCHP; 2010; Vienna, Austria p. 556-559. [doi: 10.1007/978-3-642-14100-3_83]

67. Bong WK, Bergland A, Chen W. Technology Acceptance and Quality of Life among Older People Using a TUI Application.
International Journal of Environmental Research and Public Health 2019;16(23):4706. [doi: 10.3390/ijerph16234706]

68. Tuena C, Pedroli E, Trimarchi P, Gallucci A, Chiappini M, Goulene K, et al. Usability Issues of Clinical and Research
Applications of Virtual Reality in Older People: A Systematic Review. Frontiers in Human Neuroscience 2020;14:93 [FREE
Full text] [doi: 10.3389/fnhum.2020.00093] [Medline: 32322194]

69. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, GRADE Working Group. GRADE: an emerging
consensus on rating quality of evidence and strength of recommendations. BMJ 2008;336(7650):924-926 [FREE Full text]
[doi: 10.1136/bmj.39489.470347.AD] [Medline: 18436948]

70. de Morton N. The PEDro scale is a valid measure of the methodological quality of clinical trials: a demographic study.
Australian Journal of Physiotherapy 2009;55(2):129-133. [doi: 10.1016/s0004-9514(09)70043-1]

Abbreviations
5TSTS: 5 Times Sit to Stand
ABC: Activity-Specific Balance Confidence Scale
AR: augmented reality
BBS: Berg Balance Scale
BESTest: Balance Evaluation Systems Test
GBS: Good Balance System
MR: mixed reality
SMD: standardized mean difference
TUG: Timed Up and Go
VR: virtual reality

JMIR Aging 2021 | vol. 4 | iss. 2 |e27972 | p.165https://aging.jmir.org/2021/2/e27972
(page number not for citation purposes)

Nishchyk et alJMIR AGING

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.gaitpost.2018.03.044
http://dx.doi.org/10.1016/j.maturitas.2012.07.011
http://dx.doi.org/10.1186/s12916-019-1278-9
http://dx.doi.org/10.1620/tjem.238.1
http://dx.doi.org/10.1589/jpts.29.1586
http://europepmc.org/abstract/MED/24259856
http://dx.doi.org/10.1589/jpts.25.797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24259856&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(15)00293-2
http://dx.doi.org/10.1016/j.jbi.2015.12.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26773345&dopt=Abstract
http://dx.doi.org/10.1016/j.apergo.2016.10.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27825723&dopt=Abstract
http://dx.doi.org/10.1093/gerona/56.12.m761
http://dx.doi.org/10.1007/978-3-642-14100-3_83
http://dx.doi.org/10.3390/ijerph16234706
https://doi.org/10.3389/fnhum.2020.00093
https://doi.org/10.3389/fnhum.2020.00093
http://dx.doi.org/10.3389/fnhum.2020.00093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32322194&dopt=Abstract
http://europepmc.org/abstract/MED/18436948
http://dx.doi.org/10.1136/bmj.39489.470347.AD
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18436948&dopt=Abstract
http://dx.doi.org/10.1016/s0004-9514(09)70043-1
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by J Wang; submitted 15.02.21; peer-reviewed by HJ Kong, H Söbke; comments to author 08.04.21; revised version received
22.04.21; accepted 23.04.21; published 30.06.21.

Please cite as:
Nishchyk A, Chen W, Pripp AH, Bergland A
The Effect of Mixed Reality Technologies for Falls Prevention Among Older Adults: Systematic Review and Meta-analysis
JMIR Aging 2021;4(2):e27972
URL: https://aging.jmir.org/2021/2/e27972 
doi:10.2196/27972
PMID:34255643

©Anna Nishchyk, Weiqin Chen, Are Hugo Pripp, Astrid Bergland. Originally published in JMIR Aging (https://aging.jmir.org),
30.06.2021. 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 JMIR Aging, is properly cited. The complete bibliographic information, a link to
the original publication on https://aging.jmir.org, as well as this copyright and license information must be included.

JMIR Aging 2021 | vol. 4 | iss. 2 |e27972 | p.166https://aging.jmir.org/2021/2/e27972
(page number not for citation purposes)

Nishchyk et alJMIR AGING

XSL•FO
RenderX

https://aging.jmir.org/2021/2/e27972
http://dx.doi.org/10.2196/27972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34255643&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Publisher:
JMIR Publications
130 Queens Quay East.
Toronto, ON, M5A 3Y5
Phone: (+1) 416-583-2040
Email: support@jmir.org

https://www.jmirpublications.com/

XSL•FO
RenderX

mailto:support@jmir.org
http://www.w3.org/Style/XSL
http://www.renderx.com/

