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A Study on Smart Medical Product Service System for
the Elderly With Chronic Disease at Home
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Abstract

This study aims to improve the service quality and management level of smart medical products
for the in-home elderly with chronic diseases. Based on the existing health and elderly care
products, services related to the products are added to build a sustainable intelligent medical
product service system for the in-home elderly with chronic diseases, consisting of intelligent
elderly care products, health services and support facilities. Adopting the product service system
theory, the current situation of self-management and health service needs of the elderly with
chronic diseases in china were investigated through stakeholder analysis, user interviews and
role models. Combined with the KJ method, the problem points and needs were classified, a
strategy was proposed to extend the value of the smart medical product service system for the
elderly with chronic diseases. Results can be used to solve the contradiction between the
demand and supply of medical and health services for the in-home elderly with chronic
diseases, to promote the healthy, orderly and sustainable development of the in-home elderly
services, and improve the living quality of the chronically ill elderly in their old age.
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1. Introduction

On May 11, 2021, the results of China's
Seventh National Population Census showed!)
that the total population aged 60 and above
was 264.02 million, accounting for 18.70% of
the total population, of which 190.64 million
were aged 65 and over, accounting for 13.50%
of the total population. The degree of
population aging has further deepened?). China
will enter a deep aging society in 20273), when
the proportion of the elderly over 65 years old
will be more than 15%. At the same time,
according to the statistics of the National Health
Commissiond), the health status of the elderly in
China is not optimistic. The cognitive, motor
sensory functions decline with the increase in
age, and nutrition®), psychological and other
health problems are becoming increasingly
prominent. More than 78% of the elderly suffer
from at least one chronic disease, and the
number of the disabled elderly continues to
increased).

1) World Health Organization.[WHO]. (2022.08.10.).
URL: http://www.who.int/

2) The aging of the population has deepened.
[BAIDUI. (2022.08.10.). URL:
https://baijiahao.baidu.com/s?id=1699429247747894
807&wfr=spider&for=pc

3) Opinions of the CPC Central Committee and The
State Council on strengthening work on Aging in
the New Era[CCTV NEWS]. (2022.08.10.). URL:
https://content—static.cctvnews.cctv.com/snow—book/
index.html?toc_style_id=feeds_default&share_to=wech
at&item_id=14405235899809576496&track_id=0AF4
279E-B769-480E-8F89-ESEBBBAD787F_ 659444429
159

4) National Health Commission of the People's
Republic of China[NHC]. (2022.08.10.). URL:
http://www.nhc.gov.cn/

5) Zhao, L.; Xie, H.; Dong, R., Volunteers as
caregivers for elderly with chronic diseases: An
assessment of demand and cause of demand,
International Journal of Nursing Sciences, 2015, 8,
Vol.2, pp.268-272.

6) Tulu, SN.; Cook, P.; Oman, K.S.; Meek, P.;
Kebede Gudina, E., Chronic disease self-care: A
concept analysis, Nursing Forum, 2021, Vol.56,

For such a large group of elderly chronic
diseases, if they are hospitalized for a long time,
they not only need to consume a lot of medical
resources, but also the high medical cost is an
unbearable burden for most families. Therefore,
the treatment of elderly chronic diseases mainly
depends on the patients' own independent
management and self-prevention in daily life?).
Chinese people tend to choose home-based
elderly care. According to relevant research, 90%
of the elderly chose home-based elderly care,
and only about 10% of the elderly chose
institutional elderly care. In this case, for the
large number of the elderly patients with chronic
diseases with long cycle, high cost and great
demand, how the government, communities and
pension institutions extend the nursing services
to the elderly with chronic diseases so as to
provide targeted nursing for them, and meet
their needs for socialized pension services, is a
practical problem that must be solved.

At present, smart medical products8) based on
Internet of things, big data, coud computing
and other technologies use smart watches or
other portable devices to instantly monitor blood
pressure, heart rate, blood glucose, ECG and
other vital signs?), which are automatically
transmitted to the management APP through the
Internet. The elderly or their care givers view
various data on the mobile phones, which
improves the detection rate of patients with
chronic diseases and controls the progress of the

pp.734-741.

7) Chen, X5 Zhou, X.; Li, H.; Li, J.; Jiang, H., The
value of WeChat application in chronic diseases
management in China, Computer Methods and
Programs in Biomedicine, 2020, Vol.196.

8) Jiang, Y., Combination of wearable sensors and
internet of things and its application in sports
rehabilitation, Computer Communications, 2020,
Vol.150, pp. 167-176.

9) lu, Y.-HL.; Chung-Chih. The Study of Smart
Elderly Care System. 8th International Conference

on Information Science and Technology. 2018,
pp.483-486.
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disease to a certain extent, thereby, accelerating
the recovery of the body. However, such
products tend to be similar in structure and
function, mainly  providing daily  health
monitoring, one-click call and voice-call services,
lacking scene experience, ignoring the individual
differences and personalized needs of service
supply, and there is a mismatch between supply
and demand. At the same time, the participation
of social forces is not high, and there is a lack
of professional elderly care operations and
service teams.

PSS (Product Service System) is a system10)
that includes products, services, networks and
support facilities. Through the integration of
products and services, the full participation of
customers, and the mutual provision of
productive services and service production by
enterprises, we can realize the integration of
decentralized manufacturing resources and the
high synergy of their core competitiveness, and
achieve an efficient and innovative manufacturing
mode! ). At present, there are many researches
on the elderly care service mode!2), elderly care
service  facilities’3 and aging  adaptation
transformation design’4) related to the health of

10) Meier, H.; Roy, R.; Seliger, G. Industrial
Product—Service Systems—IPS 2. CIRP Annals.
2010, Vol.59, pp.607-627.

11) Pezzotta, G.; Sassanelli, C.; Pirola, F.; Sala, R.;
Rossi, M.; Fotia, S.; Koutoupes, A.; Terzi, S.;
Mourtzis, D. The Product Service System Lean
Design Methodology (PSSLDM). Journal of
Manufacturing Technology Management. 2018,
Vol.29, pp.1270-1295.

12) Or, CKL,; Karsh, BT. A Systematic Review of
Patient Acceptance of Consumer Health Information
Technology. Journal of the American Medical
Informatics Association. 2009, Vol.16, pp.550-560.

13) Keller ;, C.; Fleury;, J.; Sidani;, S.; Ainsworth,
B. Fidelity to Theory in PA Intervention Research.
Western Journal of Nursing Research. 2009, Vol.31,
pp.289-311.

14) Wang, A.; Redington, L.; Steinmetz, V.;
Lindeman, D. The ADOPT Model: Accelerating
Diffusion of Proven Technologies for Older Adults.

the elderly, and there are few researches on the
market-oriented combination with elderly care
products and services to jointly meet the needs
of users. Therefore, this paper takes the
home-based elderly with chronic diseases over 65
years old in china (not living with their children)
as the research object. On the basis of
understanding the medical service needs of the
elderly with chronic diseases, it plans to integrate
tangible health smart products and intangible
elderly care services, and build a smart medical
service system for the in home elderly with
chronic diseases.

2. Process and Methods

The process method!5) of PSS is used and the
design of smart medical product service system
for the in-home elderly with chronic diseases is
divided into four steps: first, conduct in-depth
research on the current situation. Second,
identify the problems that the in-home elderly
with chronic diseases are most concerned about
and need to be solved at present. Third, find
potential solutions. Fourth, promote the service
to the market according to the content validity
ratio evaluation and feedback mechanism. The
specific contents and methods are as follows.

2-1. Situational interview

Eight ~communities  (high, middle and
low-grade communities, unit family areas,
demolition and resettlement communities, etc.) in
Changchun City, lilin Province were selected to
conduct situational interviews with patients with
chronic diseases aged over 65 years old. The
duration is 20 minutes -1 hour for each person.

Ageing International. 2010, Vol.36, pp.29-45.

15) Trevisan, L.; Brissaud, D. A system—based
conceptual framework for product—service
integration in product—service system engineering.
Journal of Engineering Design. 2017, Vol.28,
pp.627-653.



The interview time is from February 10, 2022 to
February 28, 2022. First of all, the interviewer
introduced the purpose of the interview, the
operation of the process and the possible
situation, promised information security and
asked whether it could be recorded!6). After
obtaining consent, the interviewer asked
questions in the form of a semi-structured
questionnaire about the overall life, target
behavior, emotional health, the use of smart
medical products and other aspects of the
elderly, to understand the different moods,
behaviors and needs of patients with chronic

diseases in  the home-based elderly care
environment, During the interview, the
interviewer shared his interpretation and

assumptions with the interviewees to obtain
timely verification and deepen the dialogue.
Finally, the interviewer gave a gift to the
interviewee to express appreciation.

2-2. User Role Persona and User Journey Map

Through the user situation interview in the
early stage, a large number of real and effective
data are obtained, and then the target users of
the product are dassified and the user role
model'7) is created. As shown in Figure 1, the
x-axis represents the level of mental health, and
the y-axis represents the level of chronic
diseases. Patients with chronic  diseases in
home-based elderly care are divided into four
types: A, B, C and D. A represents the elderly
with stable conditions, calm and open-minded; B
stands for the elderly with occasional small
fluctuations in  their condition, no obvious
discomfort and danger, and low mood; C stands
for the elderly who are in unstable condition,

16) Xie, H.; Cheng, C.; Tao, Y.; Zhang, J.; Robert,
D.; Jia, J.; Su, Y. Quality of life in Chinese family
caregivers for elderly people with chronic diseases.
Health and Quality of Life Outcomes. 2016,
Vol.14.

17) Rosenbaum, M.S.; Otalora, M.L.; Ramirez, G.C.
How to create a realistic customer journey map.
Business Horizons. 2017, Vol.60, pp.143-150.

prone to emergencies and have large emotional
fluctuations; D stands for the elderly who are in
stable condition but depressed and pessimistic. In
order to make the product design more focused,
this study selects the Type-C elderly, that is, the
elderly who are in unstable condition, prone to
emergencies, and have large  emotional
fluctuations as the core users.

Disease Level

Menad Health Level Menunl Health Leved

DiseaseLevel

Figure 1. Subdivision types of in-home elderly people
with chronic diseases

Two user roles were created for service
scenario development, and the wuser journey
maps were drawn based on the physical
condition, lifestyle, behavior habits and existing
health management methods of the in-home
elderly with chronic diseases, so as to dearly
understand the thoughts and feelings of the
elderly and the description of pain point and
pleasure point so as to make decisions more
effective, as shown in Figure 2 and Figure 3.

Peraoma | Ler roies roquiring physical mad memal caer

Figure 2. Persona 1. User roles requiring physical and
mental care
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Figure 3. Persona 2. User roles requiring health
management

2-3. Definition of problems

A total of 103 descriptions of health service
needs, willingness and confusion of the in-home
elderly with chronic diseases and 420 valid
questionnaires'® were collected in this survey.
The study used the KJ method to sort out and
classify the collected information according to
the relationship19), and finally defined the health
services for the in-home elderly with chronic
diseases as problems in 8 categories, as shown
in Figure 4, which are difficulty in seeing doctor,
Lacking medical and health care knowledge,
improper medication management, confusion
about diet and nutrition, decline in physical
function, mental health, anxiety and fear in case
of trouble, and nursing confusion.

18) Zdrojewski, L..; Krol, E.; Rutkowski, B.;
Piotrowski, W.; Pajak, A.; Drygas, W.; Zdrojewski,
T. Chronic kidney disease in Polish elderly
population aged 75+: results of the WOBASZ
Senior Survey. International Urology and
Nephrology. 2016, Vol.49, pp.669-676.

19) Hu, S.XX; Lei, W.I; Chao, KK.; Hall, BJ.;
Chung, S.F. Common chronic health prob ems and
life satisfaction among Macau elderly people.

International Journal of Nursing Sciences. 2016,
Vol.3, pp.367-370.
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Figure 4. KJ Analysis

As shown in Figure 5, the points of the
logical relationship are connected with a straight
line, using arrow symbols to represent the
cause-effect relationship, and then find the core
problem factors20).
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Figure 5. Association Graph

As shown in Figure 6, through the
interpretation of the intersection points in the
matrix diagram, we can understand the degree
of correlation between the categories. According

20) Mohamed Zaki, L.R.; Hairi, N.N. Chronic pain
and pattern of health care utilization among
Malaysian elderly population: National Health and
Morbidity Survey III (NHMS III, 2006). Maturitas.
2014, Vol.79, pp.435-441.



to the formula, the values of the X and Y axes
are obtained. Substituting the values into the

coordinate graph can clearly see that the
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Figure 6. Matrix Diagram

categories above O point
are: A, B, G, Fand E.

in descending order

2-4. Solutions diseasleslto ac&ep}t r;’:md
. . Vi m
According to the core issues of home-based Eﬁtova(y?dges_ cat
care for the elderly with chronic diseases, based G,dAPxiety Health (11) For the el‘(tjerly with
- and fear manage lepression after
on the existing health smart products and APP in ment psychological evaluation,
applications, organizational coverage and service case of the psychologist will come
. trouble to the door to provide
extension are expanded so as to strengthen psychological counseling
facility construction and build a smart medical and psychological support.
. . . 2) Provide catering,
service system for the in-home elderly with cleaning, walking,
chronic diseases. The design content is shown in purchasing, life care and
) other services
Table 1: 3) Monitor and record
blood pressure, heart rate,
pulse, sleep quality and
) . . other indicators in real
Table 1. Smart medical service design content. time, and conduct safety
monitoring (remote
Problems | Solution | Details monitoring, SOS alarm
A. Assist in | 1) The attendants plan ;{;ﬁfnm’e?g ;j|b|e and visual
Difficulty medical and arrange the treatment TR
in seeing | treatmen | process, help the elderly F. Mental | Culture 1) Provide social and
doctor t easily complete the health entertain | entertainment platforms so
treatment, and receive and ment that the elderly can play
send the report on behalf mahjong, play chess, listen
of the elderly. to opera, watch movies,
2) The attendants help the dance square dance, etc,
elderly accurately describe 2) Carry out outdoor
the condition to the activities such as visiting
doctor, and express the museums, art galleries and
doctor's orders to the scenic spots, and staff
elderly in simple words. provide \éehlclels, guided
B. Lacking | Health 1) Send medical and Egrli/riieasnfore ?ﬁ: ne?}j'gﬂy
medical educatio | health knowledge 3) The elderly who are
and health | n according to user needs willing to work and have
E?wi)ewledge zzar)wdofghg;litzzgl characteristics. $h§|ca!t Cglnd!tlgns can
question-answering algcorséikg tg Jt%esir actual
competitions to mobilize situation
the enthusiasm of the - :
elderly with chronic E. Dedine | Health 1) Formulate a
in physical | care rehabilitation plan




according to the
characteristics of patients
and medical history, and
resume the course
according to the video
teaching practice. The
doctor monitors the
rehabilitation situation in
real time and gives
guidance and correction.
2) Make an appointment
with offline sports
rehabilitation training
courses, venues through
APP.

3) Send information about
digital training or puzzle
training to improve the
intelligence of the elderly;
Play their favorite music,
promote the recovery of
memory, etc.

function

3. Construction of a smart medical service
system for the in-home elderly with chronic
diseases

3-1. Business Model Canvas

Based on the above research results, the nine
modules of the business model canvas are
adopted to build the business model canvas of
the smart medical service system for the in-home
elderly with chronic diseases in order as shown
in Figure 7. This model standardize the elements
in the business model, emphasize the interaction
between the elements, and establish a visual
business model so as to provide enterprises with
overall decision-making solutions to ensure that
the target users are correct; thus, the problems
can be reasonably solved, and ultimately improve
revenue and efficiency.

3-2. Service Scenario

As shown in Figure 8, Based on the
commercial model canvas of the smart medical
service system of the home-based elderly with
chronic disease, the smart medical service
scenario for the in-home elderly with chronic
diseases are drawn, which shows the detailed
process of the smart medical service system of
the in-home elderly with chronic diseases.

Key Parmarshigy Ry Activition

Vil Prapositioo
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Figure 7. Business model canvas of the smart medical
service system for the in-home elderly with chronic
diseases

4, Discussions

It is found that due to the increasing
demands for elderly care2?), medical services22),
activity desire23) and spiritual  care, the
contradiction between the growing material,
survival and spiritual needs of the elderly and
the unbalanced and insufficient supply of elderly
care services has become the main contradiction
restricting the development of elderly care
services and industries?4). It is difficult for the
product concept, channel mode and sales mode
of traditional pension products to solve the
current pension problems. It is urgent to
optimize the elderly care service product system

21) Makita, M.; Mas—Bleda, A.; Stuart, E.; Thelwall,
M. Ageing, old age and older adults: a social
media analysis of dominant topics and discourses.
Ageing and Society. 2019, Vol.41, pp.247-272.

22) Rong, J.; Ji, X.; Fang, X Jee, M.-H.; Algalil,
F.A. Research on Material Design of Medical
Products for Elderly Families Based on Artificial
Intelligence. Applied Bionics and Biomechanics.
2022, Vol.2022, pp.1-6.

23) Vilciauskaité, B.; Savaneviciené, A.; Navickas, V.
Managing older talents in the context of aging
society. Economics & Sociology. 2020, Vol.13,
pp.213-226.

24) Pecoraro, F.; Luzi, D.; Pourabbas, E.; Ricci, F.L.
A system of concepts to support the integration of
Health and social care and assistive domotics

services: the Health@Home project. Informatics for
Health and Social Care. 2021, Vol.46, pp.333-344.
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Flgure 8. Smart medical service scenario for the in-home elderly with chronic diseases

and innovate the elderly care service mode,
which is the first choice to solve the problem of
population aging?5). Therefore, this study starts
from the health management needs of the
in-home elderly with chronic diseases, relies on
the Internet big data information integration
technology. Through the joint participation of
stake holders and collaborative upgrading of the
smart medical service system for the in-home
elderly with chronic diseases, we can improve
the utilization rate of social health care resources
for the elderly, promote the adjustment of the
industrial structure of health care for the elderly,
increase the interaction between patients and
medical personnel, medical institutions, medical
equipment, and achieve the goals of a sense of
security, a sense of medical care, a sense of

25) Robertson, H.; Nicholas, N.; Rosenfeld, T.;
Georgiou, A.; Johnson, J.; Travaglia, J. A virtual
aged care system When health informatics and
spatial science intersect. INVESTING IN
E-HEALTH: PEOPLE, KNOWLEDGE AND
TECHNOLOGY FOR A HEALTHY FUTURE.
2014, Vol.204, pp.137-142.

productive aging, a sense of learning, a sense of
happiness and a sense of being at ease in old
age for the elderly.

QOur study has confirmed the great
development potential of smart elderly care
products26)27). Most elderly people with chronic
diseases have a positive attitude towards smart
elderly care products2®), but some elderly people

26) Zhou, J.; Tan, R.; Lin, H.=C. Development of an
integrated conceptual path model for a smart
elderly care information system. UNIVERSAL
ACCESS IN THE INFORMATION SOCIETY.
2022, pp.83-87.

27) Hung, L.-H.; Zhang, H.-W.; Lin, Y.-J.; Chang,
L-W.; Chen, H.=S. A Study of the Electronic
Healthy Diet and Nutrition Assessment System
Applied in a Nursing Home. 2007 9th International
Conference on e—Health Networking, Application
and Services. 2007, pp.64-67.

28) Hung. LH.; Chang, LW.; Lin, Y.J.; Zhang,
H.W.; Chen, H.S. A Study of the Electronic
Healthy Diet and Nutrition Assessment System
Applied in a Nursing Home. In Proceedings of the
9th International Conference on e-Health



have a weak knowledge foundation and need to
learn to use digital tools from family members.
Most adult children who are the only-child in
the family in China are busy with work, so it is
difficult for them to take a time to explain them
in detail for the in-home elderly. The age
difference between two generations will also
lead to children not knowing much about the
receptivity of the elderly. In addition, if the
teaching method is wrong, the elderly will also
have a vague understanding of digital tools, and
even have the fear of difficulties?9). Therefore, it
is necessary to gather the elderly in the
community through online and offline training to
help them learn to use the smart medical service
system, provide them with an environment for
communication and mutual learning, and fully
mobilize their learning enthusiasm.

Some elderly people with chronic diseases
who participated in the survey said that although
they can chat with their family and friends by
phone and online video, they prefer face-to-face
conversation, which will make them feel more
natural, cordial and authentic. And a lot of
information is conveyed by nonverbal signals,
such as the rhythm and tone of voice, gestures,
and the distance between communicators, which
c@an only be achieved in faceto-face
conversation. Although many communities carry
out spiritual care services to alleviate the mental
loneliness of the in-home elderly with chronic
diseases, such as chatting with the elderly,
reading newspapers for the elderly, etc. the
elderly generally express their unwillingness to
bother others, which is consistent with the
research results of sociologists30).  With the

Networking, Application and Service. 2007,
pp.64-67.

29) Hu, E; Jin, Y.; Zhan, X. A Study on Healthy
Food Service Designing for Semi—disabled Elderly
Based on SAPAD. In Proceedings of the 11th CIRP
Conference on Industrial Product—Service Systems,
PEOPLES R CHINA. 2019, Vol.83, pp.506-512.

30) Yi, C.; Feng, X.; Jiang, Y.-Z. Home Interactive
Elderly Care Two—Way Video Healthcare System

growth of age, the elderly's sense of
dependence will gradually increase3). At the
same time, their sense of inferiority will also
increase day by day. A deliberate way may easily

make them to feel that they are a weak grou
p32).

The future work can focus on the satisfaction
of the elderly with chronic diseases and service
personnel  with the use of smart medical
products, further refine the different design
needs caused by the differences of the elderly
with chronic diseases according to the different
stages of patients with chronic diseases (such as
the six natural disease course stages of no
danger stage, the emergence of risk factors, the
emergence of pathogenic factors, the emergence
of symptoms, the emergence of signs, and the
loss of labor), correspond to different operation
strategies, and study how to improve the
efficiency of private domain operation.

5. Condclusions

The intelligentized, integrated and all-round
smart medical service system for the in-home
elderly with chronic diseases established in this
study aims to achieve the accurate matching of
the elderly care demand and supply of the
elderly with chronic diseases, and provide the
elderly with all-round and whole process elderly
care services. The data collected in the service
system, through sorting and data mining, can

Design. Journal of Healthcare Engineering, 2021,
Vol.2021, pp.1-11.

31) Goodwin, J.; Cummins, J.; Behan, L.; O'Brien,
S.M. Development of a mental health smartphone
app: perspectives of mental health service users.
Journal of Mental Health. 2016, Vo.25,
pp.434-440.

32) Convery, E.; Keidser, G.; McLelland, M.; Groth,
J. A Smartphone App to Facilitate Remote
Patient—Provider Communication in Hearing Health
Care: Usability and Effect on Hearing Aid
Outcomes. Telemedicine and e—Health. 2020,
Vol.26, pp.798-804.



provide

support  for relevant  government

departments to formulate pension policies and

resource

integration and allocation, such as

scientifically standardizing market access, talent
team, smart equipment, platform construction,

service level

and other standards, so as to

promote the better and faster development of
smart pension.
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