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Towards data-driven tele-medicine e

intelligence: community-based mental
healthcare paradigm shift for smart aging
amid COVID-19 pandemic
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Abstract

Purpose: Telemedicine are experiencing an unprecedented boom globally since the beginning of the COVID-19
pandemic. As the most vulnerable groups amid COVID-19, the digital delivery of healthcare poses great challenges

to the elderly population, caregiver, health service providers, and health policy makers. To bridge the service delivery
gaps between the telemedicine demand side and supply side, explore evidence-based approach for integrated care,
address challenges for aging policy, and build foundation for the development of data-driven and community-based
telemedicine, our R&D team applied translational research to design and develop telemedicine “SMART" for enhanc-
ing elderly mental health wellbeing amid COVID-19. Our aim is to investigate the preparedness mechanisms of
mental health disease including response, intervention, and connection these three healthcare delivery pipelines with
the collection, consolidation, and synergy of heath parameters and social determinants, using data analytics approach
to achieve Evidence-Based Medicine (EBM).

Methods: A mix of quantitative and qualitative research design for scientifically rigorous consultation and analysis
was conducted from Jan 2020 to June 2021 in Hong Kong. An exploratory and descriptive qualitative design was used
in this study. The data were collected through focus group discussions conducted from elderly and their caregivers
living in 10 main districts of Hong Kong. Our research pilot tested “SMART"targeting for elderly with mental health
improvement needs. Baseline questionnaire with 110 tele-medicine product users includes questions on demo-
graphic information, self-rated mental health digital adoption. The follow-up five focus group discussions with 57
users (elderly and their caregivers) further explore the social determinants of telemedicine transformation and help
propose the integrated telemedicine paradigm shift framework establishment, development, and enhancement.

Results: Grounded on the baseline needs assessment and feedbacks collected, it is evident that multi-dimensional
health information from the four various streams (community, clinic, home, remote) and customized digital health
solutions are playing a key role in addressing elderly mental health digital service needs and bridging digital divide.
The designed tele-medicine product lines up health service provider (supplier side) and elderly specific needs
(demand side) with our three-level design, enables elderly and their families to follow and control their own health
management and connect with the service provider, community of practice (CoP), and health policy makers.

Conclusion: It's beneficial to involve elderly and gerontechnology stakeholders as part of Community-Based Partici-
patory Research (CBPR) before and throughout the developing and delivery phases an integrated and age-friendly
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digital intervention. The challenges in applying and disseminating telemedicine reflected by the elderly and caregiv-
ers can be used as important input for further development and indicators for the sustainable and integrated elderly

primary care framework.

Keywords: Elderly mental health, Telemedicine, COVID-19 pandemic, Digital divide

Introduction

Background

The COVID-19 global pandemic has brought unprec-
edented and devastating effects both locally and beyond
[1]. There have been pressing needs for an enhanced,
stratified, and targeted mental healthcare system since
the beginning of the outbreak [2]. With the tremendous
healthcare burden, a growing body of evidence suggested
that the COVID-19 pandemic deepen digital divide for
mental health care [3]. It is well known that social isola-
tion among elderly is a “serious public health concern” A
higher rate of mental health incidence has been widely
observed in socially vulnerable groups, especially for
aging population. Specifically, Depression is one of the
most common chronic conditions among older people.
For instance, in Hong Kong, approximately 1 in 10 older
people has clinically significant depressive symptoms [4,
5]. Depression is prevalent in aging population due to the
increased vulnerability throughout aging process, which
exacerbate by multiple risk factors such as loneliness,
lack of social support, network, and interaction, activi-
ties, chronic diseases [3, 6].

Hong Kong is an economically advanced and mostly
urban city located in the Southeast part of China. As a
densely populated city with around 7.5 million people, it
can serve as an exemplary setting to address the elderly
heath care challenges amid COVID-19 given its extreme
wealth inequality with an all-time high Gini coefficient of
0.53 in 2021. Relatively high the elderly dependency ratio
that indicates how great a burden is placed on those of
working age by those of non-working age has reached
around 19.1 percent in 2021 [4, 5, 7, 8], and its stringent
social distancing measures that impacted on the whole
population and social activity. Furthermore, Hong Kong
is undergoing rapid population ageing along with the
global trends. The population aged 65 years or above is
projected to increase from 15% of the total population in
2014 to 26% by 2029, and to 33% (33.1%) by 2064, which
implies that there 1 in 3 people in Hong Kong will be an
elderly after forty years, meanwhile, the pressing situa-
tion is accompanied with an increasing level of depend-
ency ratio [4, 5, 8, 9]. In addition to the direct infectious
disease risk control and health emergency preparedness
burden, the COVID-19 outbreak and its associated con-
tainment measures such as shutdown of social activi-
ties facilities, social distancing policy, change of work

arrangements from offline to mixed mode, also have
challenging wider socioeconomic impacts on the aging
population, especially for those under-resourced groups
who normally lack of social and emotional support.

Strategic importance of telemedicine under the COVID-19
The outbreak of COVID-19 has tremendously impacted
the global healthcare delivery system and resulted in a
paradigm shift towards telemedicine ecosystem. One
of the most at-risk groups during the COVID-19 cri-
sis is elderly, especially those who are living alone or in
care facilities. Online consultation has also become an
increasingly imperative alternative for healthcare deliv-
ery. The World Health Organization (WHO) is also advo-
cating telemedicine for patients in need to reduce the risk
of virus spreading via in-person visit to hospitals.

To provide personalized medical care to patient timely,
there has been an increasing application of telemedicine
under the generous policy support from the government
and NGOs. However, the application of telemedicine
requires patients to have the basic knowledge and capac-
ity to access and operate digital devices, as well as the
ability to communicate with “virtual doctor” for appro-
priate treatments often without any in-person support.
Many elderly patients may not be able to handle these
because of various disabilities or inexperience with tech-
nology. This study looks at how elderly patients may be
left out in the transformation to telemedicine. Consider-
ing the huge mental health service gaps in Hong Kong
[5, 10]. There are viewpoints that the public healthcare
system has been unprecedently paralyzed since the out-
break of the fifth wave of the COVID-19. One of the
primary reasons could account for this is the failure of
healthcare policies to integrate with the concept of smart
healthcare to improve public healthcare services and
therefore enhance the operational efficiency of public—
private-partnerships [9, 11, 12].

In contrast to the growing number of telemedicine con-
cerned, there are only a few explorative studies [13—-17]
investigating the views and experiences of patients above
65 years old with symptoms of depression. Furthermore,
these studies predominantly had broader inclusion cri-
teria regarding age, thus patients younger than 65 years
but has emerging needs for prevention and treatment
menta health never be included. Therefore, we conducted
this study to explore the perspectives of above the age of
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60 of age regarding mental health, treatments, and tele-
medicine prospects. The aim of this study was to explore
elderly’ knowledge, attitudes and experiences, expec-
tation, suggestion on telemedicine for mental health
wellbeing and subsequently derive potential barriers to
and opportunities for the telemedicine scale up for the
community.

Levers and barriers of telemedicine for elderly mental
health wellbeing

The utilisation of telemedicine has been rapidly increas-
ing globally. As a result of the increased awareness and
application, methods of defining and triaging within tele-
medicine have emerged [8, 9, 11]. In this study, we follow
WHO’s telemedicine definition as “the transformation
of how disruptive technologies that provide digital and
objective data accessible to both caregivers and patients
leads to an equal level doctor-patient relationship with
shared decision-making and the democratization of care”
[18].

Telemedicine developments in mental health care have
generated a huge demand for research on how digital
health care service delivery model affect health care qual-
ity [6, 12], design [8, 19], and accessibility [12, 15, 17, 20].
Despite emerging interest and global trends from users,
service provider, health decision makers, and academics,
the research base on these issues is still limited [21]. The
existing research available digital mental health thera-
peutics area focuses mainly on specific implementations,
such as the psychotherapeutic treatment of mental ill-
nesses or the diagnosis of mental diseases using digital
tools [6, 12]. However, more research is urgently needed
on telemedicine from multi-level perspectives to form a
holistic picture for community-based mental healthcare
paradigm shift, which lies in the factors that contexts
and conditions that are currently for digital health care
services have not yet been investigated, meanwhile, new
digital tools that can change user behaviour and digital
and physical health care services processes are constantly
being developed and need to be evaluated comprehen-
sively [3, 22—24]. Despite there are possible disparities in
access to telemedicine Interventions with basis digital lit-
eracy, digital technologies could be harnessed to provide
social support networks and a sense of virtual caring that
cultivate more frequent contacts with close family mem-
bers, peers, and friends.

Telemedicine for smart aging

Grounded on quantitative and qualitative research
methods, we aim to establish a tech-driven translational
research that strives to achieve three main research
objectives below:
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(1) Collect and analyse results from the region-specific
needs assessment to identify barriers and advan-
tages in addressing the aging issues in a holistic
manner, providing foundations for actions, and
building capacity for further synergizing.

(2) Understand and focus on the needs of elderly
within their own social and environmental con-
texts, providing basis for the development of inte-
grated elderly care initiatives and converging the
activities of different stakeholders, spanning across
multiple strategic priority areas.

(3) Serve as a starting point for the development of age-
friendly community initiatives in more cities within
the Greater China region and establish a platform
for ongoing partnerships for translational research,
aging related NGOs, and commercial elderly health
care institutions to promote smart aging, keep track
of developments, and exchange knowledge gener-
ated from projects in a diverse contexts beyond
Hong Kong and within Great China Region.

To Align with the above objectives, this paper aims to
aggress following Research Questions (RQ):
RQ1l: What are the current challenges and barriers
of telemedicine in Hong Kong communities for
smart aging?
What recommendations can be implemented
to address elderly mental health challenges and
therefore improve telemedicine adoption?
What are the future directions and consid-
erations for telemedicine transformation in the
fight against pandemic and embrace the new
normal?

RQ2:

RQ3:

Research design

The SMART Tech project applies Community-Based Par-
ticipatory Research (CBPR) and strategically integrates
the Co-Design new concept throughout its three phases:
(1) Response, (2) Intervention, and (3) Connection these
three healthcare delivery pipelines. Upon establishing a
project partnership between districted-based commu-
nity, community-based mental health clinics, and men-
tal health technology R&D team, Phase 1 follows four
core elements of human-centred social design (design
from empathy, needs identification, ideation discovery,
prototyping for dissemination) for telemedicine base-
line assessment, concept briefs, and advocacy targeting
for main stakeholders. These information and consul-
tation session have been held in four telemedicine con-
texts (home, clinic, remote, and community) with elderly,
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caregivers, healthcare professional, and telemedicine
providers; Phase 2 synergizes feedbacks and anticipated
deliverables in the co-design process of digital therapeu-
tics for mental health screening and intervention ser-
vice innovations, in turn, for R&D project team further
co-design, pilot testing, and wider advocacy during the
project; Phase 3 highlights the connection function to
bridge the digital divide among elderly, caregivers, and
telemedicine developer to jointly shape the telemedicine
user guidance, templates, protocols, and tools that will
be used during the pilots stage. Throughout each phase,
the project collects and analyses both qualitative and
quantitative data to capture, determine, and enhance the
project’s scholarly value and social impact. The telemedi-
cine “SMART” is designed to meet with elderly, family
members and major representatives from a concerned
community to listen to their concerns on existing service

gaps.

Study design and methods

An exploratory and descriptive qualitative design was
used in this study. One of the major advantages of con-
tent analysis is that it allows our R&D team to apply a
mix of quantitative and qualitative research methods,
which results in a more scientifically rigorous analy-
sis. The research objectives guiding the whole research
design and data collection process are:

(1) Assess the telemedicine perception and needs from
the district-based community for sake of building
momentum in developing the age-friendly telemed-
icine.

(2) Recommend a framework for continuous improve-
ment on elderly mental health well-being

(3) Arise public awareness and encourage community
participation in capacity building for scaling up tel-
emedicine

Focus groups research method have been widely used
to examine participant’ experiences and perception with
a scientific manner, and this method is chosen consider-
ing that the designed focus group setting is socially ori-
ented, age friendly, and cohesively connected among
the participants, therefore, could progressively lead to
enhanced diversity, inclusion, and openness.

Participants

After the COVID-19 outbreak, elderly is especially vul-
nerable to social distancing policy posed by Hong Kong
Government, particularly for those living alone, during
the Hong Long’s fifth wave of the COVID-19 outbreak.
Hospitalisation rates is high among those living with
Non-Communicable Diseases (NCD). One in every 2.3
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deaths by suicide in Hong Kong in 2021 involved the
elderly and a suicide prevention group put part of the
blame for the statistic on the long-running coronavirus
pandemic [25].

Drawing on the previous evidence of negative psycho-
logical responses observed during previous epidemics
(e.g. SARS, MERS, etc.) [22, 26, 27], concerns is increas-
ingly surging among multisectoral stakeholders that
there would be adverse effects of the COVID-19 pan-
demic on mental health and wellbeing. It’s evident that
the governmental isolation rules in response to the health
emergency, psychosocial consequences such anxiety,
depression, and loneliness exacerbated the mental health
challenges among aging proportion [28, 29], leading to
negative effects on psychological and physical health [23,
24, 30]. However, public survey evidence suggests older
adults on average are more inclined to turn to digital
service for self-help to experience more stable interven-
tions compared with previous inflectors outbreak periods
[25, 29, 31]. However, it is presently unclear about what
kind of underlying factors accounted for the experiences
reflected by elderly during and beyond the COVID-19
pandemic and how is the underling mechanism towards
the telemedicine paradigm shift.

All our project respondents were community residents
of Chinese origin, aged 60 s and above, normally residing
in Hong Kong and can speak Cantonese at time of par-
ticipation. Respondents were mostly recruited directly
from the community with a minor proportion of elders
who regularly visit District Elderly Community Centres
(DECC).

Procedures

A structured questionnaire was used in the survey that
consisted of multiple-choice questions to address three
major aspects that could influence elderly perception
of telemedicine: (1) socio-demographic characteristics,
including age, gender, education level, living arrange-
ment, employment status, and residential area; (2) self-
related mental health status; (3) digital adoption of
telemedicine during the past years. The survey can be
found in Supplementary.

A total of 10 voluntary helpers were recruited as
SMART Ambassador since Mar 2020 and they assisted
the whole project development and follow up as a long-
term commitment for smart aging service. To ensure the
survey protocol would be standardized, several rounds
of mandatory training sessions were held on before the
survey and focus group discussion to support the help-
ers in delivering the surveys and focus group discussion.
The running of focus group was carried out by a focus
group leader (interviewer), and two to three SMART
Ambassador (project assistants) depending on group
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size. The project team members were responsible for
various duties including coordinating with elderly or car-
egivers for the interview schedules, facilitating question
comprehension that participants had about the project,
and supervising the signing of consent forms, organizing
briefing sessions, setting up meeting rooms.

We begin the data collection phase since 2020 after
establishing the SMART protocol and survey and inter-
view guide, having relevant team member well trained for
supporting the capacity building schemes, consultations
with elderly, and research activities. Data were finally
collected via on-site visit in district-based parks, social
and recreational activities centres from Mar 2021 to June
2021. The study used convenience sampling to recruit
individuals aged 60 years and above from ten commu-
nity-based facilities located in Hong Kong. The partici-
pants were recruited after getting their consensus, which
involves the questionnaire included questions about
demographics, lifestyle, and socioeconomic position, as
well as telemedicine revenant variables examined, such as
mental health and digital adoption of telemedicine. The
data provided here were centered on factors associated
with elderly telemedicine for mental health well-being
perception, usage, expectations.

Focus group interview

A semi structured focus group interview guide was devel-
oped according to the study aims (details enclosed in the
supplementary). The aim was to collect elderly and their
caregivers’ response telemedicine specific to their own
needs and the community. Furthermore, we elaborated
the focus discussion objectives and impact when solicit-
ing elderly’ voluntary help to join, and we also encourage
them to bring their caregivers (relatives, domestic helper,
center helpers, etc.). Once getting their consent to join,
we also elaborate further the personal information pro-
tection principles to ensure confidentiality of participants
are also explained. A consent form similar to the one
used with the questionnaire interview was distributed
to each participant for signature after the explanation by
project coordinators.

Prior to each focus group discussion, each elderly par-
ticipants have completed a brief questionnaire that asked
about their demographic characteristics (age, gender,
education, marital status, living arrangement). The focus
group discussion is designed to be opened with an intro-
duction of the study, the objectives of the discussion, and
its implication and impact. One function room located in
Tai Wai region (Near the railway station) was booked for
participants in carrying out each focus group. A total of
1.5 to 2 hours were allocated for each group, with light
refreshments offered to participants.
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Each group interview implementation follows a stand-
ard procedure began with a brief introduction of the
SMART Tech project and followed the purpose of the
focus group interview and impact of how participants’
response could contribute to the project and further to
the elderly’s mental health wellbeing for society impact.
Name tags with preferred name were provided to par-
ticipants, interviewer, and assistants. In addition, iPad,
water, and snake were prepared and used to facilitate the
introduction each interview topic and warm discussion
among participants. Project leader moderated the focus
groups, at the same time, project assistants and SMART
ambassadors facilitated the discussions and participant’s
enquiries. All participants were given sufficient opportu-
nity to share their views and comments with time con-
straint. Probing questions were used when appropraite,
for example, “Could you please further describe the situ-
ation using a concrete example?” More specific questions
were used to prompt participants to explore additional
issues once an issue has been sufficiently explored. We
conducted five group discussions in total and the discus-
sion materials and consents forms have been enclosed in
the supplementary.

Analysis and result

Participants demographics

A total of 110 participants were recruited. They repre-
sented residents in the sub district communities of North
(9.1%), Wong Tai Sin (10%), Sai Kung (10.9%), Wan
Chai (11.8%), Kwun Tong (10%), Sha Tin (10.9%), Tai Po
(8.2%), Yuen Long (10.9%), Tsuen Wan (10%) and South-
ern (8.2%) (Table 1).

Participants’ sociodemographic characteristics are
summarized below. The Majority (55.5%) of participants
were female and aged 60 to 70 (39.1%). Of all partici-
pants, nearly 38.2% are married (excluding widows) with

Table1 Number of participants (aged above 60) in the 10
district communities of the Hong Kong

10 District communities N %
North 10 9.1
Wong Tai Sin 1 10
Sai Kung 12 109
Wan Chai 13 11.8
Kwun Tong M 10
ShaTin 12 109
Tai Po 9 82
Yuen Long 12 109
Tsuen Wan 1 10
Southern 9 8.2
1

10 100.0
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Table 2 Focus group interview constitution
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Group No. Group size Elderly age Digital adoption Level of self-rated mental heath
1 5 Elderly and 4 caregivers 60-65 Low Moderate

2 8 Elderly and 5 caregivers 60-65 Moderate Bad to extremely bad

3 7 Elderly and 5 caregivers 70 above Low Moderate

4 6 Elderly and 4 caregivers 65-70 Moderate Good to extremely good

5 7 Elderly and 6 caregivers 65-70 High Bad to extremely bad

secondary education or above (85.5%). With regard to
the employment status and living arrangement, 24.5% are
retired while nearly 2/3 are either living alone or only liv-
ing with their spouse (38.2%), and 13.6% of them are liv-
ing with domestic helper. About one in five participants
rated their own mental health status as extremely good
(20%). Although minority (23.6%) of them often had digi-
tal adoption of telemedicine, the frequency showed aver-
age status.

Efforts have been made to recruit eight to ten elderly
and their accompanied caregivers in each group and clas-
sify participants into groups according to their age, digi-
tal adoptions, and levels of self-rated mental health, with
similar numbers of male and female for each. Different
socio-demographic profiles covering gender, age groups
(60-65, 6570, 70 above), are invited to participate in the
survey with an aim of collecting views of different groups
of people, which has been depicted in Table 2 below.

The results are based on the thematic analyses of
focus group interviews where a total of 57 participants
of elderly and their caregivers. Table 3 depicts the dis-
cussion topics across three themes and nice subthemes,
the selected scripts, and codes. There are different fac-
tors leading to elderly mental healthcare seeking and
telemedicine adoption, as well as the various structural
barriers and challenges from the multi-level perspec-
tives. This paper aims to analyse and explore important
perspectives that emerged from multi-stakeholders. We
specially divide the feedbacks from the interview session
into elderly and caregiver’s perspective when analysing
and coding the qualitative data.

Conclusion

This study seeks to address the under-developed fac-
ets of telemedicine in engaging and linking stakeholders
within the established health system. As such, we pro-
posed a novel co-design data-driven healthcare delivery
framework which is based on specific healthcare delivery
practices. With a mission to help building a cohesive and
harmonious community with healthcare stakeholders in
the society, our R&D team seek to aid the under-repre-
sented, aging population impacted by the pandemic. This
telemedicine project attempted to provided support to

community projects and leverage on our partners’ exper-
tise to serve the real-world health needs of the elderly
community.

Mixed-method study was conducted, and verbal data
were collected, transcribed, and translated from Canton-
ese to English via the in-depth interview and focus group
discussions among key stakeholders identified in our pro-
posed Multi-level Telemedicine healthcare framework,
which could conclude as follows:

(1) Synergy between healthcare and technology

A health care solution implemented or powered by com-
plex and advanced technology may be producing a rela-
tively simple effect in the view of end users. Elderlies and
caregivers may be hesitant in relying on these technol-
ogy products and choose traditional solutions instead.
Our baseline-needs assessments have studied some of
these preconceptions through the interviews. Results are
showing that there are: (1) shortages of counsellor and
mental health professional services in the market; (2)
obstacles in accessibility of health service, including long
waiting time in terms of years for public consultation ser-
vice; (3) insufficient consultation time, for instance only
5 min of professional consultation after waiting for 3 h.
This led to poor quality of diagnosis and treatments; (4)
high costs which are not affordable for the public. Major-
ity of respondents regarded costs of healthcare as a major
barrier; (5) ineffective care resulted from the lack of con-
tinued follow up services for elderly. Our focus group
interviews also provided deeper insights that focused on
how elderly perceive technology-driven products and the
corresponding primary care service.

(2) Bridge digital divide across users

A growing number of telemedicine products aimed to
provide mental health support and wellbeing are avail-
able on digital platforms such as mobile apps. However,
despite the increase in everyday usage of digital tech-
nologies by the elderlies and their affiliated family, there
have been relatively few studies which can provide a
multi-level, holistic view on the general attitudes of elder-
lies, caregivers, product designers, and healthcare pro-
fessionals towards the adaptation of these telemedicine.
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Emerging studies have reported that telemedicine is an
effective alternative to traditional face-to-face scanning
and treatment. Therefore, this study further recognized
the challenges and obstacles yet to be overcome as digi-
talisation of healthcare delivery continues to advance.
The digital divide is still growing which left the elderly
population in a disadvantage. To overcome digital lit-
eracy stigma, Knowledge of digital literacy is of funda-
mental importance for elderlies to enjoy the benefits of
Al-supported digital interventions. Products and services
must be designed based on elderly’s prior technology
knowledge so that help and information can be delivered
to them effectively without technology stigma. In the
technology front, artificial intelligence (Al) is increas-
ingly utilized in user-oriented technology. However, pub-
lic accessibility and understanding about these kinds of
technology is still quite limited. There are fundamental
obstacles which must be mitigated before we can make
use of new technology to solve the issues that aging
healthcare is facing.

(3) Strengthening Universal Health Coverage (UHC)

and impact for elderly through capacity building schemes
Telemedicine has been regard as a tool for human-
centered care that creates the contexts for well-
founded heathcare decisions for elderly with mental
health issues. There are pressing needs to analyse various
telemedicine contexts and their impact on social devel-
opment, emerging challenges, bioethical issues as well as
social implications for elderly, at the same time proposes
and promotes appropriate responses in respect of health
policy concerns, including risk mitigation solution, gov-
ernment resource allocation and the public policy. It’s a
strategic imperative to improve multi-dimensional health
information platform on elderly mental health wellbeing
for health policy direction and programme action design,
data-driven analysis for action prioritization, planning,
and development which will play a pivotal role in scaling-
up specific social policy initiatives to reduce elderly men-
tal health diseases incidence rate and risk level.

Framework establishment

In exploring healthcare paradigm shift, we must observe
the health ecosystem through both a micro and a macro
lens in order to obtain a complete understanding. Our
study tried to observe the motivational factors in enhanc-
ing the delivery of elderly healthcare services though
multi-level collaborative layers across the spectrum of
government departments, healthcare industries, NGOs
and the communities of elderly population and caregiv-
ers. In doing so, we tried to gain an overarching insight
on formulating a community-based conceptual frame-
work that can help us explore the underlying mechanisms
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in driving the development of innovative telemedicine for
the elderly population. We concluded that the framework
should take a bottom-up, data-driven approach address-
ing real-world problems, incorporate innovative technol-
ogies with active engagements with stakeholders, attract
multidisciplinary experts for collective wisdom, and able
to create translational research pipelines which not only
describe the phenomena but also drive forward applica-
tions by converting research outputs into implementable
practice.

The project aims to reach out to elderly and high-
light their views and feedback through a diverse, multi-
dimensional, and overarching research framework that
are depicted in Fig. 1.Telemedicine involves the use of
software and apps for treatment and therefore the treat-
ment should include driving changes in heath behaviour
that stressed after the COVID-19, which not only include
socioeconomic and health-related factors but also policy
level, community level, individual level factors, risk fac-
tors for mental health, and these are linked organically to
serve as a useful reference for future aging initiatives.

The proposed framework depicted in Fig. 1 provides
scientific and strategic support to the conceptualiza-
tion of the linkages between mental health crisis amid
COVID-19 and the national public health system, which
provides translational research intelligence to the insti-
tution, group, and individual in designing and imple-
menting its strategy to assist the governmental policy to
expand its social healthcare system to include vulnerable
aging groups, which usually be neglected.

Implication

Finally, in the analysis of this literature review, consulta-
tions with major stakeholders, recommendations col-
lection to address elderly mental health challenges amid
COVID-19, future telemedicine R&D directions are pre-
sented. For policy makers in public health, this study pro-
vides an in-depth review of issues that must be addressed
before scaling up telemedicine to reduce healthcare bur-
den and medical resources from public and private per-
spective. We highlight recommendations to improve the
motivation and mitigate risks to use such digital technol-
ogies, in turn, could facilitate wider acceptance amongst
elderly and their caregivers.

Guided by the multi-level telemedicine healthcare
delivery framework proposed and investigated in Fig. 2,
this R&D project aims at improving (a) data-driven digi-
tal therapeutics to reduce elderly mental health issues; (b)
social health coverage and impact on elderly; (c) Equity,
inclusion, and efficiency of age-friendly public, private,
and Public-Private-Partnership (PPP) health resources
optimization; and (d) health data governance and
accountability measures to increase public participation
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Multi-Level stakeholder

Engagement & Co-design Phase 1

Inter-disciplinary Telemedicine healthcare Delivery Pipeline

Phase 2 Phase 3

Baseline needs
assessment;

Level 1

Translational R&D

Social engagement

Align with health system
Amplify cross-level
access and scale up
health outcome

Predictive analytics

Risk stratification

Healthcare Professionals

Mobilize action
and leverage
resources for
preparedness

Level 2

Characterize
intervention and
consolidate multi-
sector effects

Identify priorities,
gaps, networks;
Optimize outcome
measurement

Social
Design

1
1
1
i Telemedicine healthcare
1
| Core: Elderly

1

Capacity
building

the pain point

Home caregivers together with elderly

Define and articulate

Customize service
for elderly and
share the practice
with the community

Holistic/integrated
care; Overcome
digital divide

Telemedicine providers

Level 5

stigma

Map out the real needs,
mitigate risk, address

Conceptualization,
synchronize and
evaluate feedbacks for
prototypes

Universal Health
Coverage
Diversified contexts;

Fig. 1 Multi-level Telemedicine Healthcare Framework

and the quality, equity and coverage of telemedicine ser-
vices. This encompasses both direct R&D work with gov-
ernment and civil society partners as well as linkages and
partnership within and between groups working on edu-
cation, health, and gerontechnology.

Our telemedicine approach in utilizing data-driven
technology can reduce mental health disparities by bring-
ing affordable, effective, and accessible intervention with
confidentiality. We are living in a world where mental
health issues are rising at the unprecedented rate under
the pandemic, especially among elderlies who gener-
ally have limited access to help and resources. Although
healthcare services in general are relatively slow in adopt-
ing new technologies, we are seeing increased utiliza-
tion of data-driven technology in application including
early the detection of mental health symptoms. By offer-
ing person-centered interactions and quick diagnostics,

data-driven technology can help in building community
resilience and offering support to those in need of mental
healthcare.

To address the above challenges faced by the age-
ing population amid the pandemic, our research team
have taken collective and inventive efforts in exploring
the use of digital medicine to improve healthcare out-
comes through developing targeted healthcare solutions
and more effective interventions. As a result, our team
developed the platform called: Sustainable, Memorable,
Affordable, Real-time Therapist (SMART). This platform
is our first start-up project as a community-based, tech-
nology-driven translational research. Working in part-
nership with local community in Hong Kong, our project
journeyed from introducing digital therapeutics platform
to elderly population with the needs of mental healthcare
and their caregivers, motivating them to join and utilize
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the mobile and web applications, exploring appropri-
ate intervention programme via digital therapeutics, and
facilitating elderly users and their caregivers to engage in
the platform to cultivate a collaborative and sustainable
digital mental healthcare community.

Limitation

This study is limited by its sampling. We only surveyed
110 elderly and further interviewed 57 elderly and their
caregivers spanning 10 districts located in Hong Kong
Special Administrative Region, China, which limiting
its coverage and generalisability, however feedbacks and
comments from multiple sources were included and not
limit the underlying cultural assumptions and approaches
offered.

Future research plan

COVID-19 global pandemic triggered the fastest growing
mental crisis since 2020, The present study revealed that
a substantial portion of family caregivers of elderly peo-
ple responded that they did not have knowledge about
the community resources which they can get to facilitate
them to take care of their frail elderly family members at
home. Therefore, there is a need to promote the availabil-
ity and increase the provision of community care services
(CCS). In the coming stage of this research, the results
from this pilot project will be the reference for follow up
explementary studies in other regions of the world. We
call for further quantitative and qualitative research into
the larger and complex global problems that cross the
boundaries of professionalism and mindset.

In conclusion, the social resources relating to pub-
lic mental health strive to address important burning
issues for the new normal. Supportive, comprehensive,
empirically grounded resources can help maintain men-
tal wellbeing for elderly and their caregivers, thus reduc-
ing future impact on mental health services. Given the
high risk of future pandemics, the recommendations and
comments could inform future mass mental health sup-
port interventions and health system development with
multi-dimensional and multi-level health data.
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