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Editorial on the Research Topic
Population aging and older health in an era of digitalization: empirical
findings and implications

In this Research Topic, our objective is to solicit research that centers on the health
of older adults in the context of the digital era. The phenomenon of population aging
has emerged as a significant concern across various regions, including middle-income
countries like China (1), as well as in most high-income countries such as Korea (2),
Japan (3), the U.S. (4), Canada (5), and many European nations (3). Furthermore,
the rapid global advancement of digital technology has profoundly impacted health
management and enhancement, influencing healthcare delivery models (6) and timely
health communications in users’ daily lives (7). Within this context, the examination of
how digital technologies shape older adults’ health has emerged as a central Research Topic
in gerontological and sociological studies.

We received a considerable volume of submissions, and following meticulous editorial
and peer review procedures, we ultimately disseminated nine articles of high quality.
Among these contributions, eight specifically address the health of older adults in China,
while one centers on older adults” health in Korea. All the articles closely align with the
overarching theme of older adults’ health in the digital era. Notably, each study adopts a
quantitative approach. While some investigations rely on nationally representative data,
others draw from community-based survey data with relatively modest sample sizes.

The research objectives and outcomes of the nine articles can be summarized as follows.

The study conducted by Wang et al. delved into the advantageous effects
of internet usage on support for older adults. Their research findings suggest
that increased frequency of internet use is associated with higher probabilities
of older Chinese adults engaging in activities such as purchasing commercial
pension insurance, accepting formal care, and fostering independence in later
life. These positive outcomes are attributed to the dissemination of information
and the maintenance of social connections facilitated by internet access.
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Xiao et al. explored the relationship between social security
enhancements and the health outcomes of older adults actively
participating in digital financial inclusion systems. Their results
demonstrate that strengthening social security has a positive impact
on the wellbeing of older adults. Notably, this influence is more
pronounced among older Chinese men than women. Additionally,
rural residents derive significant benefits from improved social
security provisions, leading to the most favorable health outcomes.

Nan et al. conducted a study to examine the relationship
between internet usage and depression among older Chinese
adults. Their findings revealed that specific types of internet use
are associated with varying levels of depression. For instance,
engaging in activities such as chatting via WeChat, browsing
online videos, and shopping online is positively correlated with
lower levels of depression. These internet activities also contribute
to improved interpersonal relationships, which may subsequently
reduce depression in older Chinese adults. Conversely, other online
activities, such as playing games or online learning, do not show a
significant association with depression levels in this population.

Ren et al.s’ research focuses on formalizing the domestic
service industry to enhance the provision of care services for older
adults. Through model construction and simulation analysis, they
identified effective strategies. These include increasing the market
share of domestic enterprises with employee management systems,
implementing subsidy programs for clients, and establishing
These
contribute to the overall support and quality of care services.

evaluation and supervision mechanisms. measures

In their study, Li et al. investigated the factors influencing
individuals’ intention to use health management systems,
which subsequently impact their actual usage. The key factors
identified for older adults’ behavioral intention to accept a health
management system include their expectations of effort, social
influences, perceived value, performance expectations, perceived
interactivity, and perceived risk.

Weiand Guo conducted a study examining the impact of smart
device usage on the self-reported physical and psychological health
of older Chinese adults. Their findings indicate that the use of
smart devices has a positive effect, particularly among older adults
residing in urban areas or those of advanced age. Furthermore, the
personal attitudes of older Chinese residents toward smart devices
partially mediate the relationship between smart device usage and
health outcomes.

Park et al. investigated the relationship between the accessibility
of information and communication technology (ICT) and
the psychological wellbeing of older Koreans. The COVID-
19 pandemic intensified reliance on ICT, shifting engagement
from self-motivated to socially passive modes. Despite an initial
positive association between ICT use and mental health among
older adults in Korea, this link weakened during the pandemic.
Notably, heterogeneity exists based on age, sex, and rural
residence, with older females in their 70’s experiencing the most
pronounced effects.

Fan et al. explored the potential of digital health technologies
to enhance frailty detection and diagnosis efficiency among older
adults. Their investigation revealed that a composite model,
which integrated comprehensive geriatric assessment (CGA) and
gait parameters, effectively predicted frailty. Remarkably, this
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composite model outperformed individual features. After feature
selection, machine learning models demonstrated significant
improvement, with performance gains ranging from 4.3 to 11.4%.
Key predictors included large-step walking speed, average step
size, age, total step walking distance, and Mini Mental State
Examination score.

Liu et al. conducted a study to investigate the influence of digital
health literacy on the health-related quality of life (HRQoL) of
community-dwelling older Chinese adults. Their findings reveal
a positive association between digital health literacy and HRQoL.
Importantly, health-promoting lifestyle serves as a mediator in
this relationship, emphasizing the need for relevant management
institutions, communities, and families to prioritize the cultivation
of digital health literacy among older adults.

In summary, the collective evidence from the nine articles
featured in our Research Topic unequivocally demonstrates that the
advancement of digital and information technology significantly
and predominantly benefits the physical, psychological, and social
wellbeing of older adults. These findings underscore the necessity
of enhancing older adults’ access to digital technologies and
emphasize the importance of enhancing their digital literacy,
particularly in the context of healthcare-related technologies.
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1. Introduction

China’s economy outperforms those of other nations. However, China’s population
aging issue is getting progressively worse. Due to its rapidly aging population, China’s
society is under extreme pressure.

According to China’s 141 5-Year Plan, it should create a multitiered, equitable, and
sustainable social security system that protects the entire population in city, urban, and
rural areas. The growth of the Internet has significantly altered the Chinese financial
sector. Consequently, China is gradually making the transition from traditional financial
inclusion to digital financial inclusion (DFI). DFI can greatly raise the participation rate
in social security. The question remains, then, what the connection is between the health
of the elderly and DFI. This article will conduct a discussion on this subject.

2. Literature review

Previous studies generally concentrate on two aspects of how social security affects
the health of the elderly.

First, both public pensions and medical insurance may increase the utilization of
healthcare services and medical examinations, thus, improving peoples health (1-3).
Meanwhile, many studies have found that public pensions are positive for the health of
the elderly (4-6).

With the growth of DFI in China, its influence cannot be ignored, although few
studies have examined how social security affects the health of the elderly in the context
of DFL Therefore, it is important to investigate whether social security has beneficial
effects on the health of the elderly in the context of DFL

Second, concerning the heterogeneity of its impact on the health of the elderly,
early research discovered that socioeconomic status inequalities were associated with
differences in consumption of health services or health status (7-9). Nevertheless, there
is limited evidence on the impact of social security on health among middle-aged and
elderly people in rural China. Therefore, social security should be reformed to enhance
its positive impact on health (10). Due to China’s unique health insurance system, there
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are significant gender differences in health coverage, especially
among the elderly (11). Although women tend to live longer
than men, many studies have shown that they are in poorer
health (12-14).

Most scholars have studied how the social security system
affects the health of the elderly. Polsky et al. discovered that the
occurrence of self-rated good health improves after the elderly
join a health insurance plan (15). Card et al. found no significant
effect of enrollment in an old-age health insurance plan on
mortality (16). Higher levels of trust have a positive effect on
individuals’ health status (17). By improving their income status,
the social security system has a positive impact on the health
status of the elderly (18, 19).

Previous studies have offered a comprehensive overview and
can be described as follows: (1) Most studies focus on how
social security affects the health of the elderly, but they rarely
examine how DFI affects the health of the elderly. This study
uses instrumental activities of daily living (IADL) and activities
of daily living (ADL) to measure the factors that affect the health
of the elderly with the use of the Chinese Longitudinal Healthy
Longevity Survey (CLHLS) database. (2) Concerning regional
heterogeneity, this article categorizes the samples into different
groups according to the place of residence of the respondents.
(3) The PSM-DID model is used to analyze the various effects
of social security on the health of the elderly during various eras
of DFL

3. Data sources and research
methodology

3.1. Data sources

First, DFI in China is provided by Peking University Digital
Finance Research Center and Ant Financial company. Second,
the health level of the elderly is from the four follow-up surveys
in CLHLS in 2011 and 2018 conducted by PKU Center for
Healthy Aging and Development.

Considering the poor amount of data of those aged above
105 years, data from the elderly aged 65-105 years were selected.
After the elimination of missing values and unsuitable answers,
14,887 samples were finally chosen.

3.2. Research methodology

Propensity ~ score  matching-difference-in-differences,
proposed by Heckman et al. (20), is often used to evaluate the
impact of policies in recent years as it can reject endogeneity
problems caused by unobservable variables through propensity
score matching. Thus, this article selected PSM-DID to solve
the endogeneity problems caused by sample self-selection and
omitted variables while controlling the different impacts of
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the observable variables on the treatment and control groups
to measure the average treatment effect of the elderly who
participate in social security.

3.3. Model setting

The elderly who participated in social security in 2018
were included in the treatment group. In contrast, those who
participated in social security in 2011 but did not do so in
2018 were included in the control group. To guarantee the
validity of the empirical findings, missing and erroneous data
were removed from the dataset. The fundamental structure of
the model is as follows:

Health;; = ag + o1 * did;; + ap * Controliy + iy (1)

where i represents the data for the treatment group and
the control group, t represents different time points and the
independent variable did;; is a difference-in-differences variable
such that did;; = treats x time;;. Referring to the principle of
setting the difference-in-differences variable, this article selected
the elderly who participated in social security in 2018 as the
treatment group. If they participated in social security, treat;; =
1; otherwise, treaty; = 0. In addition, this article took the
development of DFI in 2018 as the benchmark and assigned
timej; as 1 in 2018 and 0 in 2011.

The dependent variable is the health of the elderly, which is
measured from the two dimensions of IADL and ADL. IADL
is formed by the questions included in the questionnaire. We
considered those who answered “Yes” to eight questions as
having perfect IADL scores (IADL = 1); otherwise, the IADL
score is imperfect (JADL = 0). ADL is formed similarly. We
regarded those who answered “Yes” to six questions as having
perfect ADL scores (ADL = 1); otherwise, the ADL score is
imperfect (ADL = 0). Finally, IADL and ADL were summed to
form a single health variable: if both IADL and ADL are assigned
as 1, the health variable is assigned as 1; otherwise, the health
variable is assigned as 0.

Considering the impact of participating in social security
and self-reported health, age, income status, marriage status,
access to medical care, and the number of children are regarded
as individual and family characteristic variables.

4. Regression results

4.1. Matching quality test on samples

We used PSM-DID to evaluate the impact of social security
on the health of the elderly in the context of DFI.

After calculating the propensity score using the logit model,
we checked the sample matching accuracy. We examined
two fundamental propensity score hypotheses. The balance
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hypothesis is one of the two fundamental hypotheses. After
matching, practically all control variable biases in the treatment
and control groups were decreased by more than 50%, which
shows that there is no discernible difference in the observable
variables between the treatment and control groups.

4.2. Full sample

Supplementary Table 1 shows that social security can
significantly improve the health of the elderly at the 1% level in
the context of DFI in Model 1 before adding control variables.
When other control variables are added (Model 2), social
security can still significantly improve the health of the elderly
at the 1% level. Moreover, in Model 2, the R-squared increases
from 23.3 to 24.6%. After combining Model 1 and Model 2, the
did;; is significantly positive for the health of the elderly, that
is, with the development of DFI, the elderly who participate in
social security are healthier than those who do not.

4.3. Sex group subsamples

In this section, we categorize the samples into male and
female groups and analyze the impact of social security on the
health of elderly men and women. The results are shown in
Supplementary Table 2.

Supplementary Table 2 reports that social security has
different impacts on elderly men and women in terms of the
development of DFI. Compared with Model 3 and Model 4,
social security is more positive for elderly men (Model 3) than
for elderly women (Model 4). Since men are more likely to
suffer than women from occupation-related fatty liver disease,
strokes, and chronic lung disease, elderly men participate in
social security more actively than women. Moreover, the social
division of labor caused by traditional gender norms requires
men to have better economic status to maintain good health than
women, while women’s non-market labor is uncompensated and
takes a toll on their health.

4.4. Residence subsamples

In this section, we analyze the place of residence subsamples,
that is, city, urban, and rural. The regression result of the DID
model is shown in Supplementary Table 2.

Supplementary Table 2 shows that for these residence
subsamples, after adding the control variables, social security has
significantly different impacts on the health of the elderly. By
comparing all models, it can be seen that social security has a
significantly positive impact on the health of the elderly in all
places of residence. However, according to the different impacts
of social security on the city, urban, or rural elderly (i.e., Model
5, Model 6, and Model 7), in the context of DFI, it has the
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most positive impact on the rural elderly. DFI will thus help
rural areas improve their public services. Improving basic public
services such as education, social security, and medical care will
greatly narrow the health gap between urban and rural areas
and increase farmers’ economic wellbeing. DFI is, therefore, an
important form of rural public service infrastructure that can
provide rural residents with comprehensive financial services.

Since DFI is obtained by weighing three subindices of health
coverage, depth of use, and digitization, we incorporate each
subindex of DFI in the model to analyze their impact on the
health of the elderly to further explore how to integrate DFI
into the pension insurance system in rural areas. The breadth
of coverage reflects the degree of coverage of digital financial
services. The wider the coverage, the more it helps the elderly
to obtain financial services. Depth of use reflects the actual
application of DFI with deeper use, indicating that seniors have
access to high-quality financial services that meet their different
financial needs.

Based on the aforementioned discussion, the local
government is advised to expand coverage and deepen the use of
digital finance to improve DFI in rural areas. If DFI is improved
in rural areas, social security will have a more positive impact
on the health of the elderly.

5. Discussion and conclusions

As mentioned previously, our results demonstrate that
enhancing the social security system in the context of DFI is
positive for the health of the elderly who participate in it. Social
security is much more beneficial for elderly men than women
and has the most positive impact on the health of those who live
in rural areas.

In the context of the Healthy China strategy, improving the
health of the rural elderly has attracted much attention from
the government and academia. There are significant differences
in how to enhance the health of various elderly groups. The
government should combine DFI with social security to improve
the health of the elderly. Furthermore, since different areas have
varying economic development levels and insurance programs,
the government should provide financial assistance to the elderly
who are in need of social security.

Moreover, the government is required to improve basic
services and medical care to support DFI because it is an
important form of rural public service infrastructure that
offers rural residents access to a full range of financial
services, including payments, credit, insurance, and
financial management.

Considering that few studies have studied the impact of DFI
on the participation rate of the elderly in social security health
of the elderly, the aforementioned findings are conducive to
advancing the relevant studies in this area and provide a basis for
the formulation and implementation of social security policies in
the future.
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Most studies focus on how social security affects the health
of the elderly, while this article focuses on how DFI affects it and
analyzes the gender and regional heterogeneity of the influence
of DFI on the health of the elderly in different periods in depth.

The limitations of this study are as follows. First, due to the
problem of data acquisition, only two periods of data can be
sourced. Second, since the educational level of the respondents
cannot be accurately obtained, their educational heterogeneity
cannot be studied.
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Background: The trend towards low fertility and low mortality is prominant
worldwide. The accelerating ageing and the pressure on public pensions are making
the "dependent pattern of old-age support”, which relies on family and government,
unsustainable. It is urgent for people to change their mindset about ageing and to
develop a sense of “relying on themselves for oldage support”.

Methods: This study incorporates the commercial pension insurance, formal care
and the attitude towards independent old-age support pattern into the framework
of “independent pattern of old-age support”, using the probit regression model and
instrumental variables approach to examine the impact of internet use on old-age
support patterns of middleaged and older people based on the CGSS 2012-2018
five-period data.

Results: The more frequent internet use increased the likelihood of purchasing
commercial pension insurance, accepting formal care, and endorsing independence
in later life. The internet can promote the acceptance of independent pattern of
old-age support by delivering information and facilitating social interaction.

Discussion: Consistent with previous research, this study finds that internet use
can promote the purchase of commercial pension insurance. There are no relevant
studies on the impact of internet use on formal care and attitude towards independent
old-age support pattern. Our finding provides important empirical and theoretical
references for ageing countries to further transform old-age support patterns.

internet use, commercial pension insurance, formal care, independent pattern of old-age
support, information access, social interaction

Introduction

Humanity is entering an era of longevity characterised by low mortality and low fertility. As
ageing and childlessness are increasing, there is a growing concern about the old-age support
pattern. Reliance on the family has long been the dominant pattern of ageing. In East Asian
cultural circles, the parent-child relationship is at the heart of the family relationship, with
children taking the main responsibility for providing old-age support for their parents (1).
Spousal relationships are valued more in Europe and America. Older people in these areas
generally prefer living with their spouse for mutual care (2), followed by their adult children
(3). However, with modernisation and the replacement of the traditional extended family by
the nuclear family, older people can no longer rely solely on their families (4). Since World
War II, the world has established social security system for the older adults to provide them
financial security with the help of the state. However, as the global economy stagnated in the
1970s and the population became increasingly ageing, the sustainability of social security systems
was threatened in many countries. The World Economic Forum report 2017 projected that
without adjustments to existing pension systems, six countries—Japan, the United States, the
United Kingdom, the Netherlands, Canada, and Australia—would have a $224 trillion shortfall
in pension savings by 2050 (5). Hence, reliance on the government for old-age support also
becomes unviable. Thus, the “dependent pattern of old-age support”, which relies on family and
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government, is inadequate to cope with the current situation, and it
is urgent to transform the old-age support pattern.

The “independent and dependent pattern of old-age supports”
are mutually contradictory. Independent pattern of old-age support
emphasises the independence of the individual in accessing support
in old age. One’s personal savings and investments ensure financial
support for old age, making the person financially independent.
Commercial pension insurance represents a financially independent
pattern of old-age support. The pension funds that individuals
obtain through commercial pension insurance are essentially their
own investments. Unlike the pension, instrumental support such
as daily care cannot be provided independently; however, different
styles of care can reflect a person’s mental independence. The older
people’s acceptance of care from a non-family member shows their
mental independence from family members. Therefore, receiving
formal care services in a nursing home or in the community from
professional caregivers indicates a mentally independent pattern of
old-age support.

Multiple measures were adopted worldwide in recent years
to promote a change from dependent to independent pattern of
old-age support. The establishment of the Individual Retirement
Account in the United States, the Central Provident Fund system in
Singapore, and the privatisation of pensions in Chile are initiatives to
develop commercial pension insurance. Countries such as Germany,
Japan, South Korea, and China have implemented long-term care
insurance systems, providing policy guarantees for older people to
receive formal care services. However, due to historical factors and
cultural traditions, the independent pattern of old-age support is not
popular. Among the Organisation for Economic Co-operation and
Development countries where private pensions are voluntary, the
Czech Republic, Germany, New Zealand, and the United States have
the highest rates of private pension coverage, but only at around 50%.
In other countries, private pension coverage remains at around 20%,
which is a limited complement to public pensions (6). The South
Korean conviction in filial responsibility has led to a negative view
of institutional care, with 86% of South Koreans believing that frail
older people should be cared for by adult children (7). The transition
to independent pattern of old-age support requires national policies
to create a supportive external environment. People’s acceptance is
key to an optimised old-age support pattern. It is therefore a common
concern worldwide to promote better acceptance of independent
pattern of old-age support and to address the current inadequacy of
support in old age due to ageing and infantilisation.

The use of the internet in the information age has accelerated
the transition of old-age support pattern. In China, as of December
2020, the number of internet users reached 989 million and the
internet penetration rate reached 70.4% (8). With the increase
in its penetration, the internet has gradually become the main
way for people to access information. As the current mainstream
communication medium, the internet is characterised by its
abundance, rapidity, and interactivity in disseminating information
(9). This has caused a profound impact on traditional lifestyles
as well as mindsets and has subliminally changed people’s choices
of old-age support pattern. Existing research suggests that the use
of the internet can promote the purchase of commercial pension
insurance and increase the independence of individuals in preparing
their pension funds (10, 11). However, the impact of internet use
on independent pattern of old-age support from other perspectives
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remain unexplored. It is important to analyse the impact of internet
use on the independent pattern of old-age support, which enable us to
explore measures to help people live more independently in later life.

In China, family members are still the main source of financial,
instrumental, and emotional support for older people (12, 13).
However, rapid ageing and declining fertility rates are preventing
older people from receiving adequate support from their families.
Public pensions, long-term care, and other social services remain
inadequate to meet their needs (14). The Chinese government has
taken several measures to this end, such as implementing tax-
deferred commercial pension insurance and launching a nationwide
pilot long-term care insurance system, creating little effect. Lacking
knowledge and experience, many Chinese people are still unaware
of or unfamiliar with the private pension plan (15). In terms of
acceptance of formal care, a survey based on rural older people
showed that only 10.8 and 8.5% of older population were willing
to go to institutions and community-based care (16). This study
takes China, a representative country, as the subject of this research
and incorporates commercial pension insurance, formal care, and
the attitude towards independent old-age support pattern into
the framework of “independent pattern of old-age support”. By
examining whether and how the use of the internet has influenced
the acceptance of independent pattern of old-age support, this study
aims to identify effective ways to promote the transformation of the
old-age support pattern in China and to provide references for ageing
countries worldwide that are facing similar problems.

The remainder of this study is organised as follows. The theory
and literature review section gives the theoretical origins of the
concept of “independent pattern of old-age support” and reviews
the literature on internet use and ageing. The data, variables, and
descriptive statistics section describes the data sources and variable
selection and performs preliminary descriptive statistical analysis.
The methods section describes the measures used in this study.
The results section presents the baseline regression results, tests
the robustness of the results using a variety of methods, and
explores the channels. Finally, the research findings and its relevant
discussions, research contributions, further research directions, and
policy recommendations are summarised.

Theory and literature review

Independent pattern of old-age supportin
active ageing

The independence of older people is often mentioned while
discussing active ageing. Active ageing is a scientific concept
developed in response to the challenges posed by population ageing,
emphasising the various positive conditions of old age throughout
the ageing process, such as physical health, positive emotional
states, social participation, and security (17). “Independence” takes
many forms in active ageing. Valuing self-reliance, independence,
and personal responsibility is a key theme in New Zealand’s
implementation of the Active Ageing Strategy. Independence here
is a financial concept suggesting that people should be responsible
for their personal growth and development and be responsible
in financing their own retirement and living a healthy life (18).
Additionally, active ageing is concerned with physical functional
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independence and mental independence. One of the goals of Ageing
in Place, an important strand of active ageing, is to explore
technology’s utilisation to ensure that older people can achieve
independent living when they become disabled, rather than relying
on others for care (19). Another important branch of active ageing,
successful ageing, emphasises emotional and spiritual adjustment and
autonomy, arguing that autonomy and independence can reduce
stress and provide purpose and meaning while facing illness (20, 21).

As representatives of financial and mental independence, the
purchase of commercial pension insurance and the choice of formal
care both reflect active ageing. Apart from enabling older people to
access social services such as healthcare, the purchase of commercial
pension insurance also enhances their awareness and ability to plan
and manage their finances, increasing their financial security, which
is crucial to achieving active ageing (22). Receiving formal care in a
nursing home or in the community allows older people to receive
support and services when there is insufficient support from their
children. Choosing formal care also means that older people are less
dependent on their children, have a greater ability to maintain social
relationships, and could receive emotional support from multiple
sources beyond their children (22).

How the internet influences people’s views
and behaviour

Early media impact studies focused on the impact of the
information disseminated by the media on users, such as
cultivation theory, which suggests that the content presented
by the communication media in modern society can influence
people’s perception and understanding of the real world to some
extent (23). It originated in the study of the television effect and
was later extended to a range of other forms of media (24, 25).
The internet is currently an extensively used medium. Contrary
to traditional media, the internet offers an increasingly interactive
media environment that allows users to choose their own media
content. This increasingly prominent personalisation would change
the way the media influence users (9). However, the internet has not
changed the basic principles of cultivation theory (26). The impact of
the abundant information available on the internet on users’ attitudes
and beliefs may increase (27). Personalisation may also increase the
cognitive and emotional engagement of media users, which in turn
enhances the effect of the internet on people (28). Some studies have
shown that the constant political polarisation of views received from
extremists on the internet can decrease the political trust among
citizens (29). A study on Indian teenagers shows that those who use
internet as their main source of information have a highly negative
attitude towards Muslims and Islam, which is closely linked to the
negative reports of the same in the Western media on internet (30).

Additionally, the highly interactive nature of the internet allows
it to affect people’s views and behaviour by influencing interpersonal
and group interactions. Social information processing theory suggests
that two parties communicating online could increase their intimacy
through creative use of verbal cues and interaction strategies (31).
The internet-enhanced self-representation hypothesis suggests that
the internet is perceived as a safe place and therefore people tend
to reveal more information to their friends online (32). It allows
for closer contact and more frequent interaction between online
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communicators and enhances offline interaction to a certain extent.
Internet offers the opportunity to develop new offline relationships.
Some relationships may start online, but usually continue offline
or in a mixed media form (33). There is also evidence suggesting
that frequent internet users participate in informal social activities
and in various voluntary organisations more frequently than others
(34). In addition, frequent internet use is positively correlated with
community engagement. Members with access to the internet are
more engaged and active in the community (35). Herd behaviour
can arise naturally when the strength of exogenous social interactions
is high (36). Thus, we find that people who interact with each
other regularly tend to think and behave similarly (37). Internet has
enabled easier communication among people, which can increase the
frequency and intensity of herd behaviour and thus have an impact
on social attitudes and behaviour.

Internet use, active ageing, and independent
pattern of old-age support

Internet use can promote active ageing. As an information
medium, older people can obtain health-related knowledge from the
internet, thus helping them to maintain the functional literacy skills
required to manage health (38, 39). As an important facilitator of
interpersonal and group interactions, older people can interact online
to build mutually supportive relationships and strengthen ties with
family and friends through the internet, thereby reducing people’s
depressed isolation and increasing perceived social support and
connectedness (40, 41). Internet access seems to improve connexions
with the outside world, increase the ability and willingness to leave
home, and increase the desire to meet others. The internet also offers
older people the possibility of participating in diverse activities and
increases the frequency of their participation in leisure activities
(42, 43).

While the internet promotes active ageing, it is also supposed to
increase the acceptance of independent pattern of old-age support,
which is an important manifestation of active ageing. Access to
insurance information is an important influencing factor in the
purchase of commercial pension insurance. Professional, accurate,
and comprehensive insurance information on the internet can raise
people’s awareness and promote the purchase of commercial pension
insurance (10, 11). Additionally, people can obtain relevant explicit or
implicit information through social interactions (11), and the internet
has a facilitating effect on social interactions, thus further promoting
the purchase of commercial pension insurance. However, different
information on the internet has different effects on the purchase of
commercial pension insurance. Positive messages on news portals
can encourage people to buy commercial (pension) insurance;
however, BBS messages about insurance are usually negative and
therefore have a deterrent effect on commercial (pension) insurance
participation (44). No evidence currently suggests that internet use
promotes the choice of formal care, but studies have shown that
the more the older people know about nursing homes, the more
likely they are to choose institutional care (45). The information-
mediating properties of the internet and its facilitation of social
interaction can provide people with relevant information and
promote their understanding of formal care. Access to adequate
social support from family and friends and participation in various
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activities means that relatively more social resources are available
to older people, which can increase their sense of security and
independence, thus reducing their dependence on their children in
old age and increasing their propensity to choose institutional care
(46). Support from family and friends as well as opportunities to
get involved in social activities can be obtained from the internet.
From these perspectives, internet use can increase the acceptance
of formal care. However, there are also arguments that individuals
with limited family solidarity may have relatively low expectations
of their family as a potential source of care and may be more
receptive to using nursing homes (47). The internets facilitation
of family’s and friends contact may therefore also dampen the
demand for formal care and have a debilitating effect on its
acceptance. Hence, the impact of the internet on independent pattern
of old-age support is uncertain, and its ultimate effect must be
further explored.

Methods

Data and samples

The data are obtained from the Chinese General Social Survey
(CGSS) database. China Survey and Data Centre of Renmin
University of China surveyed the data. Based on the principle of
Probability Proportionate to Size Sampling, 100 county-level units
and 5 metropolitan areas, 480 village/residential committees and
12,000 individuals are sampled nationwide in each survey year
to collect tracking information on social change trends in urban
and rural areas, with data covering 28 provincial administrative
units. The CGSS collects information at multiple levels—social,
community, family, and individual—with a section specifically asking

TABLE 1 Descriptive statistics results.

10.3389/fpubh.2022.1059346

respondents about their use of the internet and providing a range
of information about old-age support patterns in relation to this
study. We select people aged 45 and over as the sample based
on World Health Organization’s definition of the middle-aged and
older adults (48). Using five periods of CGSS data from 2012,
2013, 2015, 2017, and 2018, a database containing 31,049 samples
is created after removing missing and outlier samples, of which
2012, 2013, 2015, 2017, and 2018 contain 5,700, 5,152, 5,817,
7,472, and 6,908 samples, respectively. It should be noted that the
question on formal care only appeared in the 2017 questionnaire
and was asked of a random sample of respondents from the
total sample. Therefore, we only obtained 2,436 one-year data on
this issue.

Variables

Dependent variables

The dependent variable in this study is the individual’s
acceptance of independent pattern of old-age support. In the
CGSS questionnaire, the question “Do you have commercial
pension insurance” reflects the respondents’ acceptance of financially
independent pattern of old-age support. The variable takes a value
of 1 if the respondent possesses commercial pension insurance,
otherwise takes a value of 0. The question “Who do you think
should primarily take care of the elderly in our country?” asks
respondents’ acceptance of formal care, which is a mentally
independent pattern of old-age support. This variable takes the value
of 1 if the respondent selected “government, private business/for-
profit, non-profit/charity or religious organization” and 0 if the
respondent selected “family, relatives or friends”. In addition to

Variables Mean

Total (1) Internet users (2) Non-Internet Mean difference

users (3) (4)

Commercial pension insurance 0.054 0.111 0.028 —0.084**
Formal care 0.353 0.428 0.305 —0.123"**
Attitude towards independent old-age 0.407 0.470 0.378 —0.092"**
support pattern
Age 60.476 55.836 62.639 6.803**
Gender 0.498 0.520 0.488 —0.032%*
Household registration 0.603 0.379 0.707 0.328™*
Education 2.440 3.005 2.177 —0.828**
Income 9.323 10.052 8.984 —1.068**
House 1.106 1.161 1.080 —0.081***
SRH 3.301 3.597 3.163 —0.434**
Marital 0.819 0.876 0.792 —0.084**
Child number 2.095 1.486 2.379 0.893™**
Basic pension insurance 0.781 0.844 0.752 —0.092***
Basic medical insurance 0.931 0.945 0.925 —0.020"**

T-statistic value in parentheses. ***p < 0.01, *p < 0.05, *p < 0.1.
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commercial pension insurance and formal care, the CGSS asks
about respondents’ attitude towards independent old-age support
pattern: “Who do you think should be primarily responsible for
the old age of elderly people with children?” The option “by
the children or the government” represents the dependent pattern
of old-age support, while the option “by themselves” represents
the independent pattern of old-age support. This variable takes
the value one, if the respondent believes that they should be
responsible, or 0 if the respondent believes that their children or
the government should be responsible. Ultimately, we construct
three binary variables “commercial pension insurance”, “formal
care”, and “attitude towards independent old-age support pattern”
to indicate whether an individual accepts independent pattern of
old-age support.

Independent variables

The independent variable in this study is internet use. Referring
to previous studies (49, 50), we use “past year’s use of the internet”
to reflect the frequency of individual internet use. This variable
classifies the frequency of internet use into five levels: “never”,

» o«

«
rarely”,

» o«

sometimes”, “often”, and “very often”, each with a value
from 1 to 5, wherein higher level indicates more frequent use of

the internet.

Control variables

Based on previous studies (11, 46, 51) on the factors influencing
the old-age support patterns, we select gender (male = 1; female =
0), age, household registration (agricultural = 1; non-agricultural =
0), education, logarithm of per capita household income (income),
number of properties (house), and self-rated health (SRH) as control
variables at the level of individual characteristics. Where SRH is an
integer variable with a value between 1 and 5, wherein higher value
indicates better health status. Marital status (married = 1; unmarried,
divorced or widowed = 0) and number of children are chosen as
control variables at the household characteristics level. The coverage

of basic medical insurance (yes = 1; no = 0) and basic pension
insurance (yes = 1; no = 0) are added as control variables at the level

of social characteristics.

Descriptive statistics

The independent variable in this study is a continuous variable
with values ranging from 1 to 5. The higher the value, the more
frequent the internet use is, and the never-used value is one. This
section divides the sample into those who use the internet and those
who do not, based on whether the frequency of internet use is greater
than one. By conducting descriptive statistics on different groups,
we initially explore the influence of the frequency of internet use on
independent pattern of old-age support. The results of the descriptive
statistics are shown in Table 1.

Table 1 shows the differences in sample means between the
variables for the full sample, internet users, and non-users. According
to columns (1-3), in terms of commercial pension insurance, the
proportion of people in the whole sample who have purchased
commercial pension insurance is higher than non-internet users and
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lower than internet users. In terms of formal care, the proportion
of people accepting formal care in the overall sample is higher than
non-users and lower than internet users. In terms of attitude towards
independent old-age support pattern, the proportion of people in
the overall sample who believe that they should be responsible for
their own ageing is higher than non-users and lower than internet
users. As shown in column (4), the proportion of the internet users
who accepts independent pattern of old-age support is significantly
higher than that of non-users. From the descriptive statistics, we
can tentatively infer that the more frequently the internet is used,
the more likely people are to embrace the independent pattern of
old-age support. However, the acceptance of independent pattern of
old-age support is influenced by many factors and whether there is
a significant relationship between the frequency of internet use and
the acceptance of independent pattern of old-age support must be
confirmed by further empirical analysis.

Probit regression model construction

As the three dependent variables in this study are binary variables,
a probit regression model is chosen to analyse the impact of the
internet use on the independent pattern of old-age support. The
specific expressions are as follows.

11X;) = 9(ag + ayint;

Z ajControlij +&;) (1)

Pr(Commercial pension insurance;

1Xi) = @(Bo + Buint;
Z BjControl;j + &;)  (2)

Pr(Formal care;

Pr(attitude; 11X;) = @(yo + niint;

+ Z yjControlij +&;)  (3)

Among them, Commercial pension insurance;, Formal care;
and attitude; are three dependent variables, which represent whether
individuals have purchased commercial pension insurance, whether
they accept formal care, and whether they believe that people should
be responsible for their own ageing. X; represents all variables
that can affect the independent pattern of old-age support. int;
is the independent variable in this manuscript, representing the
frequency of internet use of individual i. Control; is a set of
control variables including the respondent’s gender, age, household
registration, education level, household income per capita, health
status, marital status, number of children, social security possession,
and year of interview. or; B1y1 are the results of interest, reflecting the
extent and direction of the impact of internet use on independent
pattern of old-age support. ; is the random error term.

Results

Baseline regression results
Table 2 demonstrates the specific impact of internet use on the

independent pattern of old-age support. Columns (1, 2) show the
impact of internet use on commercial pension insurance, columns
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TABLE 2 Impact of internet use on independent pattern of old-age support.

10.3389/fpubh.2022.1059346

Variables Commercial pension insurance Formal care Attitude towards independent
old-age support pattern
(1) (2) (3) (4) (5) (6)
Internet use 0.228*** 0.116"* 0.115%* 0.090* 0.080*** 0.032%
(31.103) (12.009) (6.735) (4.130) (15.407) (4.945)
Age —0.008"** 0.018** 0.012*
(—=5.216) (5.239) (13.158)
Gender —0.022 —0.008 —0.091*
(—0.843) (—0.140) (—6.002)
Household registration —0.267"** —0.329"** —0.257"**
(—8.110) (—4.747) (—13.989)
Education 0.144* 0.046 0.104*
(7.006) (1.125) (9.700)
Income 0.071*** 0.012 0.010**
(5.303) (0.940) (2.254)
House 0.167* —0.170"* —0.019
(9.362) (—3.410) (—1.418)
SRH 0.083** —0.014 —0.009
(6.477) (—0.545) (—1.264)
Marital 0.025 —0.012 0.084*
(0.662) (—0.164) (4.186)
Child number —0.005 —0.100"* —0.050*
(—0.385) (—2.614) (—6.752)
Basic pension insurance —0.064* —0.063 0.073***
(—1.887) (—0.869) (3.851)
Basic medical insurance —0.216™** —0.069 0.008
(—4.392) (—0.631) (0.276)
Year 0.005 —0.009***
(0.874) (—2.687)
Constant —2.112%* —13.209 —0.622"** —1.161%* —0.383"* 17.272%
(—97.540) (—1.087) (~13.770) (—3.840) (—31.842) (2.525)
Obs 31,049 31,049 2,436 2,436 31,049 31,049
R square 0.069 0.114 0.014 0.057 0.006 0.030

T-statistic value in parentheses. ***p < 0.01, ™*p < 0.05, “p < 0.1.

(3, 4) show the impact of internet use on formal care, and columns (5,
6) show the impact of internet use on attitude towards independent
old-age support pattern. The frequency of internet use has a positive
and significant effect on the acceptance independent pattern of old-
age support. After calculating the marginal effects corresponding
to each coeflicient, the results show that for every 1 percentage
point increase in the frequency of internet use, without controlling
for the relevant variables, the probability of purchasing commercial
pension insurance, the probability of accepting formal care, and
the probability of believing that people should be responsible for
their own ageing will increase by 2.3, 4.2, and 3.1 percentage
points, respectively. After controlling for relevant variables, for
every 1 percentage point increase in the frequency of internet use,
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the probability of purchasing commercial pension insurance, the
probability of accepting formal care, and the probability of believing
that people should be responsible for their own ageing will increase by
1.1, 3.2, and 1.2 percentage points, respectively. The results show that
more frequent internet use by people may increase their acceptability
of the independent pattern of old-age support.

Further analysis
Endogeneity tests

The relationship between individual internet use and the
acceptance of independent pattern of old-age support may be
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endogenous due to omitted variables and two-way causation. First,
difficult-to-measure variables such as respondents’ personalities,
habits, or ability to accept new things may influence both individual
internet use and acceptance of independent pattern of old-age
support, thus creating the problem of omitted variables. Second,
individuals who embrace independent pattern of old-age support
may already have less social support from friends and family
offline and therefore must rely on the internet to alleviate their
isolation and use it more frequently, leading to a two-way causal
problem. This study uses instrumental variables approach to test the
endogeneity question.

Referring to the study by Wang, Nie, and Liu (50), we construct
a provincial internet penetration variable using the share of internet
access ports in the total population in the year surveyed as
an instrumental variable for individual internet usage. Internet
penetration can influence individual internet use, satisfying the
relevance of the instrumental variable. However, internet penetration,
as a macro-level figure, does not directly impact the acceptance of
independent pattern of old-age support by micro-individuals in the
current period. Additionally, referring to Yue, Wang, and Zhang
(52), this study calculates the mean value of annual internet usage
frequency for people under 45 years old in each province in the
database as an additional instrumental variable for individual internet
usage. We use a sample of middle-aged and older people aged 45
years and above. According to the peer effect theory, the frequency
of internet use by young people can influence the frequency of
internet use by middle-aged and older people. However, it has a
relatively small impact on the acceptance of independent pattern
of old-age support for middle-aged and older people. In addition,
as a macro-level variable, this further attenuates the impact on
individual’s attitude towards old age, satisfying the conditions for
selection of the instrumental variable. Table 3 shows the results of the
first- and second-stage regressions when internet penetration and the
mean value of internet use, are used as instrumental variables. The
coeflicients of the instrumental variables in the first stage regressions
are significantly positive when internet penetration and internet
usage mean are used as instrumental variables, and the F-statistic
values are all >10, indicating that the instrumental variables have
been selected effectively. The results of the second stage of the
regression show that after the endogeneity problem is mitigated using
instrumental variables, there is still a significant positive relationship
between frequency of internet use and independent pattern of old-age
support. This is consistent with the findings of the baseline regression.

Robustness tests
Replace independent variables

The baseline regression section uses internet usage frequency
to represent an individual’s internet usage. The indicator can cover
the CGSS sample for all years 2012-2018. Additionally, the CGSS
questionnaires for 2017 and 2018 include a series of questions on
individuals’ internet use from different perspectives. This section
therefore tests the robustness of the baseline regression results by
replacing the measure of the independent variable “internet use”. The
independent variables “minutes of internet use” and “internet use or
not” are constructed from the question “In the past 12 months, how
much time did you usually spend on the internet via a computer or
various mobile applications each day?” and the question “In the last
6 months, did you go online?” The minutes of internet use is the
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logarithm of the number of minutes spent online per day. Internet
use or not is a binary variable, taking a value of 1 if the internet is used
and 0 otherwise. Table 4 shows the regression results after replacing
the independent variables. The longer the people use the internet, the
more likely they are to accept independent pattern of old-age support.
Those who use the internet are more likely to embrace independent
pattern of old-age support than those who do not. This is similar to
the baseline results.

Replace database

In this section, a replacement database is chosen to test the
robustness of the baseline regression results. The China Longitudinal
Ageing Social Survey (CLASS) is a survey targeting Chinese people
aged 60 and older. It systematically collects data on the social and
economic background of China’s older adult population, including
their use of the internet and their attitude to independent pattern of
old-age support. In terms of internet use, CLASS asks respondents
about their use of the internet in the past 3 months, using a scale
of 1-5 ranging from never to always. Regarding independent pattern
of old-age support, CLASS asks respondents about their purchase of
commercial pension insurance and their acceptance of formal care.
For commercial pension insurance, as with the baseline regression,
the value is taken as 1 if the respondent possesses commercial pension
insurance, otherwise it is taken as 0. In terms of formal care, the
question “Where do you plan to spend most of your time in your
old age?” reflects respondents’ attitude towards formal care. A value 1
is assigned if the respondent chooses to live in a community day-care
station or a nursing home, because this option indicates a high level
of acceptance of formal care. If the respondent chooses to live in their
own home or in their children’s home, which indicates a low level
of acceptance of formal care, the variable takes the value of 0. The
selection of control variables and the empirical methodology remains
consistent with the baseline regression. Table 5 shows the regression
results after replacing the database. There is still a significant positive
relationship between internet use and independent pattern of old-
age support after changing databases. The more frequently people use
the internet, the more likely they are to embrace independent pattern
of old-age support. This further supports the robustness of the basic
regression results.

Channel analysis

The previous results show that internet use can have an impact
on independent pattern of old-age support. The more frequently
people use the internet, the more likely they are to accept this pattern.
What are the pathways through which internet use influences people’s
acceptance of independent pattern of old-age support? According to
cultivation theory, the internet can significantly influence people’s
perception and understanding of the real world through the
information it conveys (23). Additionally, the internets facilitation
of social interaction has led to an increase in the frequency and
intensity of herd behaviour (36), further influencing human thoughts
and behaviour.

To verify the existence of the two channels, we construct two
channel variables, information access and social interaction. The
two channel variables are first replaced as dependent variables
in the baseline regression to explore the impact of internet
use on information access and social interaction. Then they are
put into the baseline regression. If the channel makes sense,
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TABLE 3 Endogeneity test results.

Attitude towards
independent old-age

Variables Commercial pension insurance Formal care

support pattern

First stage Second stage First stage Second stage First stage Second stage
Internet use 0.439*** 0.470** 0.225%**
(5.114) (2.496) (4.198)
Internet 1087 1.116%* 1.087%*
penetration
(19.546) (6.063) (19.546)
Control Yes Yes Yes Yes Yes Yes
Phase I F-test 1,304.55 127.49 1,304.55
Wald test 14.8 4.63 13.55
Obs 31,049 2,436 31,049
Private pension Formal care Attitude towards independent old-age
support pattern
First stage Second stage First stage Second stage First stage Second stage |
Internet use 0.663"** 0.341% 0.322%%*
(6.862) (2.702) (5.697)
Internet Use_mean 0.284*** 0.621%** 0.284***
(20.520) (9.145) (20.520)
Control Yes Yes Yes Yes Yes Yes
Phase I F-test 1,300.92 133.65 1,300.92
Wald test 35.03 4.30 28.44
Obs 31,049 2,436 31,049

T-statistic value in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 4 The results of replacing independent variables.

Variables Commercial pension insurance Formal care Attitude towards independent
old-age support pattern
(1) (2) (3) (4) (5) (6)

Minutes of internet use 0.055*** 0.055*** 0.029***

(5.739) (3.484) (4.643)
Internet use or not 0.212%%* 0.193™** 0.110™**

(4.772) (2.798) (3.995)

Control Yes Yes Yes Yes Yes Yes
Obs 14,380 14,380 2,436 2,436 14,380 14,380
R square 0.111 0.109 0.056 0.055 0.032 0.032

T-statistic value in parentheses. ***p < 0.01, *p < 0.05, *p < 0.1.

the following two conditions should be met: 1. Internet use
is able to have a significant effect on both channel variables;
2. The coefficients on the channel variables are significant and
as expected when the two channel variables are included in
the baseline regression, and the main independent variable,
internet use, is less significant or its coefficient is significantly
smaller (53).

Information access is a binary variable in this study. It takes
the value of 1 if the respondent mainly obtains information from

Frontiersin Public Health

19

the internet, otherwise it takes the value of 0. This variable
captures the influence of the information conveyed by the internet
on people. This is because people use the internet for various
purposes, including study and work and social entertainment (54).
Some people may not use the internet to access information. For
these people, the information conveyed by the internet has limited
impact on them. The influence of information on the internet is
stronger for respondents, if their main source of information is
the internet.
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TABLE 5 The results of replacing the database.

Formal care

Commercial
pension insurance

Variables

(1) (2) €))

Internet use 0.221"** 0.146™** 0.230™** 0.174**
(12.368) (6.672) (16.941) (10.935)
Control No Yes No Yes
Obs 11,281 11,281 11,281 11,281
R square 0.062 0.100 0.051 0.088

T-statistic value in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.

Contexts of interaction can be classified according to the purpose
of the social interaction as work situations,® social situations,? and
daily interactions with acquaintances (55). Based on this definition
and the available data, we construct the channel variable of social
interaction. This variable measures how often respondents shopped,
participated in cultural activities, gathered with relatives, and met
with friends during their free time in the past year. All the
four activities are integer variables with values between 1 and
5, with higher values representing more frequent participation in
the activity. After integration, social interactions are eventually
constructed as continuous variables with values ranging from 4 to
20, with higher values being associated with higher frequency of
social interactions.

Table 6 shows the results of the channel test. As shown in
Table 6, the more frequently the internet is used, the more likely
individuals are to obtain information from the internet and the
more frequently they participate in social interactions. However,
the two channels do not make sense in all cases. The coefficient
on information access is significantly positive when the dependent
variable is commercial pension insurance, however, insignificant
when the dependent variables are formal care and attitude towards
independent old-age support pattern. It suggests that access to
information via the internet can facilitate the purchase of commercial
pension insurance, however, does not increase the acceptance of
formal care, and has a limited role in promoting an overall
transformation in attitude towards old age. The internet’s facilitation
of social interactions can have a positive and significant effect on
the three dependent variables, suggesting that the more frequently
individuals participate in social interactions, the more likely they are
to purchase commercial pension insurance, to accept formal care,
and to agree that people should be independent in their old age.
The results show that the internet can promote the purchase of
commercial pension insurance through the information it conveys
and the social interaction it facilitates. However, increased acceptance
of formal care and a change in attitude towards independent old-
age support pattern can only be achieved by promoting social
interaction.

1 These situations include shopping, business negotiations, work meetings,
and attending classes.

2 These situations include parties, balls, and outings.
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Discussion

This study classifies old-age support patterns as dependent and
independent patterns and for the first time incorporates commercial
pension insurance, formal care, and attitude towards independent
old-age support pattern into the framework of “independent
pattern of old-age support”, using longitudinal data on a nationally
representative sample in China to investigate whether the use of
the internet can promote the acceptance of independent pattern
of old-age support. We find that more frequent internet use
increases the likelihood of people purchasing commercial pension
insurance, accepting formal care, and agreeing that people should be
independent in old age. The use of instrumental variables enhances
the effect of causal inference, and the robustness of the results is
demonstrated by adopting various robustness tests, leading to the
conclusion that the internet increases the acceptance of independent
pattern of old-age support. There have been studies that classify
the patterns of old-age support according to the different providers
of financial support and daily care, however, do not emphasise the
independence in ageing. These studies are limited to the influence of
personal endowments (47), intergenerational support, social security
(51), and other factors (56) on the choice of old-age support pattern,
and do not examine internet use. Shi Hao et al. conducted a study
on the relationship between media use and commercial insurance
and found that using the internet can promote the purchase of
commercial insurance (57). But the commercial insurance here is
commercial medical insurance and not include commercial pension
insurance. Some studies have focused on the impact of internet use
on the purchase of commercial pension insurance, while the impact
of internet use on attitude to formal care and independent pattern
of old-age support is unexplored. Wu, Yang, and Yin (10) as well as
Wu, Bian, and Nie (11) found that internet use can facilitate people’s
purchase of commercial pension insurance, which is consistent with
the findings of our study.

Additionally, the study focuses on the information-mediated
identity and interactive nature of the internet and examines both
channels of information access and social interaction at an empirical
level. Internet can facilitate the purchase of commercial pension
insurance through the information it conveys. People’s perceptions
can be influenced by the wide range of information available on
the internet about commercial pension insurance. This information
can motivate individuals to prepare more actively for ageing in a
different manner and to increase their purchases of commercial
pension insurance (10, 58). Although studies have shown that prior
knowledge and familiarity are also important contributors to the
use of formal care services (59), we find that information delivered
by the internet has a limited impact on formal care acceptance.
This may be because the decision to receive formal care involves
an evaluation of the conditions of the place of care, caregivers,
etc., and relevant information is inadequate in the internet. Social
interaction enables more information to be obtained through verbal
communication and observational learning (11, 60), complementing
the information obtained from the internet. Our findings also suggest
that the internet’s enhanced effect on social interactions promotes
the purchase of commercial pension insurance and increases the
acceptance of formal care, prompting a shift towards relying on
themselves in old age. As the internet allows for customised
information, people who access information on independent pattern
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TABLE 6 Channel tests results.

10.3389/fpubh.2022.1059346

Variables Information Commercial pension Formal care Attitude towards independent
access insurance old-age support pattern
Internet use 0.761"** 0.100*** 0.077*** 0.033%**
(66.597) (8.471) (2.908) (4.017)
Information access 0.095** 0.081 —0.004
(2.331) (0.888) (—0.123)
Control Yes Yes Yes Yes
Obs 31,049 31,049 2,436 31,049
R square 0.586 0.114 0.058 0.030
Variables Social interaction Commercial pension insurance Formal care Attitude towards independent old-age
support pattern
Internet use 0.276™** 0.106™** 0.084*** 0.030%**
(24.738) (10.826) (3.766) (4.575)
Social interaction 0.039*** 0.022* 0.008"*
(6.832) (1.751) (2.269)
Control Yes Yes Yes Yes
Obs 31,049 31,049 2,436 31,049
R square 0.171 0.117 0.058 0.030

T-statistic value in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.

of old-age support via the internet are likely to be people who
are already interested and have an open attitude towards it. Those
who oppose independent pattern of old-age support may not follow
the news about it at all. Therefore, they will not be influenced
by the information conveyed through the internet, which will
weaken our inferences about information access as a channel to
some extent.

There are three limitations to this study. First, non-panel
data prevent us from making more effective causal inferences by
controlling for individual fixed effects. Second, the small amount
of data available for formal care leaves a discrepancy in the
persuasiveness of the results obtained compared to other results.
Finally, in terms of influence channels, limited by data, we cannot
consider the interference of the internet’s personalised nature with
information access as a channel. Additionally, the inventions using
internet technology (40), the reduction of transaction costs by
the internet, and the increased availability of insurance (61) are
all potential pathways through which the use of the internet
can influence the pattern of old-age support. Future studies
could use analytics such as big data to produce more precise
and specific analysis of the relationship between internet use
and independent pattern of old-age support to generate more
accurate results. Finding suitable variables to measure the impact
of the internet on technological inventions, transaction costs, and
insurance availability allows for a more diverse exploration of
impact pathways.

Despite these limitations, this study has some theoretical and
practical values. First, based on the definition of “independence”
in the theory of active ageing, this study for the first time
incorporates commercial pension insurance, formal care, and attitude
towards independent old-age support pattern into the framework
of “independent pattern of old-age support” and investigates the
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impact of internet use on the old-age support patterns of middle-
aged and older people. Second, this study bridges the gap in
existing research by demonstrating the impact of internet use on
the acceptance of independent pattern of old-age support from
different perspectives and exploring the channels. Finally, the
findings demonstrate that the use of the internet can promote
the acceptance of independent pattern of old-age support. This
provides a practical direction for promoting rapid transition
and optimisation of ageing and achieving active ageing in the
current context of low acceptance of independent pattern of old-
age support.

To make better use of the internet to facilitate the transformation
of old-age support patterns, first, internet coverage and penetration
should be ensured, especially in less developed areas and among the
elderly. The government should accelerate the construction of digital
infrastructure and increase subsidies for internet funding in poorer
areas. Companies should develop user-friendly internet terminal
devices to reduce barriers to internet use for older people. Equal,
efficient and affordable internet access can help address the digital
access divide. Second, the government and companies should focus
on using the internet to propagate information about commercial
pension insurance, formal care, and other related information to
improve internet users’ understanding of independent pattern of
old-age support. Developing age-friendly digital financial products
that are affordable and sustainable to meet the needs of older
people. Third, while the society encourages older people to use the
internet, it is also important for the elderly to learn to use the
internet to obtain and exchange information with a positive, open
and accommodating mindset. Fourth, internet regulation should
be strengthened to avoid the negative impact of negative and
inaccurate information on the acceptance of independent pattern of
old-age support.
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Background: Although older adults health management systems have been shown
to have a significant impact on health levels, there remains the problem of low use
rate, frequency of use, and acceptance by the older adults. This study aims to explore
the significant factors which serve as determinants of behavioral intention to use the
technology, which in turn promotes actual use.

Methods: This study took a total of 402 urban older adults over 60 years to explore
the impact of the use behavior toward remote health management (RHM) through
an online questionnaire. Based on the Unified Theory of Acceptance and Use of
Technology (UTAUT), the author adds four dimensions: perceived risk, perceived
value, perceived interactivity and individual innovation, constructed an extended
structural equation model of acceptance and use of technology, and analyzed the
variable path relationship.

Results: In this study, the factor loading is between 0.61 and 0.98; the overall
Cronbach’s Alpha coefficients are >0.7; The composite reliability ranges from 0.59
to 0.91; the average variance extraction ranges from 0.51 to 0.85, which shows
the good reliability, validity, and discriminant validity of the constructed model.
The influencing factors of the behavioral intention of the older adults to accept
the health management system are: effort expectation, social influences, perceived
value, performance expectation, perceived interactivity and perceived risk. Effort
expectation has a significant positive impact on performance expectation. Individual
innovation positively impacts performance expectation and perceived interactivity.
Perceived interactivity and behavioral intention have a significant positive effect on
the use behavior of the older adults, while the facilitating conditions have little effect
on the use behavior.

Conclusions: This paper constructs and verifies the extended model based on UTAUT,
fully explores the potential factors affecting the use intention of the older adult users.
According to the research findings, some suggestions are proposed from the aspects
of effort expectation, performance expectation, perceived interaction and perceived
value to improve the use intention and user experience of Internet-based health
management services in older adults.

remote health management, behavioral intention, UTAUT, structural equation model, user
experience, aging design
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1. Introduction

Aging has become one of the major problems faced by all
countries in the world. In China, with the increase in the proportion
and number of the older adult population, the serious aging, the
coexistence of multiple chronic diseases, and the increase in medical
expenses, this has brought a heavy burden of older adult care and
huge economic challenges to medical institutions, older adults care
institutions and even society. The health of the older adults has risen
to a national strategic problem, and it is urgent to explore and open
up new ways to manage the health of the older adults.

The concept of “health management” was first born in the
United States and Canada. It specifically refers to the monitoring
of health status, analysis of health data, evaluation and prediction
of different populations, proposal of corresponding health plans,
intervention and management of various potential risk factors,
and supply of professional health guidance and services (1). The
management system for the older adults derived from telemedicine
(2) is based on Internet of Things, Internet of Systems and wireless
body area networks, providing the older adults with an online self-
health management platform to realize health information collection,
health assessment, health consultation, emergency medical assistance
and other functions. It has the advantages of real-time monitoring,
two-way data transmission, online communication (3). Although
older adults health management systems have been shown to have
a significant physical and psychological impact on health levels
(4) there remains the problem of low use rate, frequency of use,
and acceptance of health management systems by the older adults.
Therefore, it is meaningful to construct a health management system
based on telemedicine for the older adults at present.

This study will focus on the potential older individuals who
can actively use telemedicine, eliminate the special populations
with senile dementia, trauma and tumors, and integrate previous
studies to divide the health management content into four categories:
health monitoring, chronic disease management, rehabilitation
management, and accidental injury prevention. The Unified Theory
of Acceptance and Use of Technology (UTAUT) is widely used
to analyze users usage behavior and intention. We will make
appropriate expansion of the model and analyze the influencing
factors of use behavior in older individuals through empirical
research. The theoretical background and research hypotheses will be
introduced in detail below, the results of the data and the final model
will be analyzed, and the findings, significance, limitations, and future
prospects of this study will be discussed.

2. Literature overview

2.1. Evolution of health management model
and corresponding theoretical research

Health management is a systematic process of comprehensively
monitoring, analyzing, evaluating, providing targeted scientific
health information and intervening on potential health risk factors
for the health of individuals or groups, and planning, organizing,
directing, coordinating and controlling information and resources
related to human health (5). Health management of the older
adults is a relatively new concept derived from the concept
of health management. The older individuals are characterized
by susceptibility to disease and a high proportion of chronic
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diseases, and is the key population for health management. Health
management of the older adults refers to the comprehensive
detection, analysis and evaluation of the health status of the older
individuals and groups, and then provide health counseling and
guidance to the older adults, develop health risk factor intervention
plans for the older adults and carry out the whole process of chronic
disease prevention and control, disease diagnosis and treatment,
rehabilitation nursing, long-term care, etc. for the older adults.

At present, there have been some studies on the health
management of the older adults. Under the multiple burdens of
aging and compression of health care resources, the United States
government has shifted the focus of health management from
“diagnosis and treatment” to “prevention and maintenance.” A
national health management program, the “Health People1990”
program, was developed (6), which set the older adults as a national
goal. The United Kingdom and other European countries have
followed the relevant approach. The United Kingdom has established
a variety of projects such as the National Health Service System and
NSF for older people (7). Japan is a country with serious aging and
early health management in Asia. The success of “u-Japan Strategy”
has brought about the development of telemedicine in Japan (8).

In 1998, China introduced the concept of “health management”
and based on the advanced experience of health management in the
United States, and initially established a primary health management
system from health examination, health file management, health risk
assessment, health education, healthy lifestyle guidance, intervention
of health risk factors, disease management. At present, most of the
representative health management systems rely on Internet, cloud
platform and other information and communication technologies,
develop and integrate internal and external information resources,
deepen the form and degree of cooperation with medical service
providers through mobile application (WeChat, etc.) SMS, telephone
and other means, and establish a core system for health management
business. Nowadays, with the development of science and technology
and the mature subdivision of health management, the Internet
of Things, 5G network, cloud computing platform, wearable and
implantable sensing technology are bringing a brand-new medical
ecosystem that can rely on each other to China.

Although the health management system has become a link in the
daily life of Chinese people, the search of the relevant literature (9, 10)
revealed that there are significant deviations in its acceptance, which
are susceptible to various factors such as age, education, income and
self-perceived health status. Studies have shown that the applicability
of telemedicine to the older adults has not become an obstacle to
their acceptance of telemedicine services, and the older adults are
very interested in the use of telemedicine services (11). There are
many studies on the factors affecting the health acceptance of the
older adults abroad, while the Chinese studies are not rich enough
in this area. The content of this paper is the acceptance of the new
health management model under the integration of telemedicine and
the factors that affect the behavioral intention of the older adults to
use the remote health management system.

2.2. Definition of telemedicine and its
application in older health management

The World Health Organization defines telemedicine as “health
care practice using interactive audiovisual and data communication.”
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This includes the supply of health care services, diagnosis,
counseling, treatment, and health education and transfer of
medical data (12). Telemedicine is divided into three types:
synchronous and asynchronous, data transmission and storage,
automatic and robotic telemedicine services (13). As an open,
shared and evolving science, telemedicine continuously integrates
new advances in information and communication technologies
to meet socio-economic development and changing public health
needs to achieve the key objectives of providing medical services
and information exchange across regions and without time
constraints (14).

With the development of various emerging technologies, as
well as more powerful and convenient handheld devices (15),
telemedicine has achieved the use of intelligent devices to record and
upload health data at any time, and conduct information consultation
with doctors anytime and anywhere (16). The transformation of
telemedicine mode has changed health management from medical
institution-led to “patient-centered” (17) individual spontaneous
management. In this evolution trend, health management has been
smoothly integrated into telemedicine, thus there is a saying of
remote health management. Remote health management refers
to a new health management model that combines Internet,
Internet of Things, cloud computing and other technologies with
monitoring equipment, transmits the collected health data to the
monitoring platform, analyzes and evaluates the health data of
patients through the monitoring platform, and gives individualized
reminders, suggestions and interventions according to the health data
of patients (18).

According to relevant statistics from the China National
Committee on Aging, 75.8% of the older adults suffer from at least
one chronic disease (19). This self-health management of chronic
diseases in the older adults based on Internet of Things is to extend
the coverage of medical services to families, emphasize the degree
of individual independent participation on the basis of traditional
health management, and shift the focus of monitoring, evaluation,
intervention and tracking from medical institutions to families and
individuals. With the help of Internet of Things, telemedicine and
self-service medical model, older patients with chronic diseases
may dynamically collect and analyze physiological signs information
through physiological index monitors and health scales, monitor
physical conditions in real time, and improve their self-health (20).

Remote rehabilitation is considered to be a means to provide
rehabilitation services to patients at home, and its benefits lie
in the ability to overcome geographical, physical, and cognitive
impairments and compensate for the shortcomings of traditional
treatments subject to hospitals (21). Such as remote rehabilitation
using wearable muscle sensors and Kinect (22). Accidental injury,
unlike common diseases, is physical injuries outside of everyday
situations, and the prevention aims to provide personalized assistance
services for the older adults in emergency situations (23). Falls tend
to be the main cause of fatal and non-fatal injuries in the older adults
(24), and remote fall monitoring allows the older adults to receive
timely assistance (25). Remote monitoring can also be used to predict
sudden hypertension in the older adults under special circumstances
(26, 27). And instructional alerts are immediately sent to physicians
in case of emergencies (28). Therefore, based on the above analysis,
this paper defines telemedicine management in the older adults
as health surveillance, chronic disease management, rehabilitation
management, and accidental injury prevention.
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2.3. Model analysis

The UTAUT theory model which was first proposed by Venkatesh
etal. (29) is used in this study. It is a comprehensive model containing
eight models and prominent theoretical models, which aims to
predict and explain users’ behavioral intention to use information
technology and their use behavior. The model is composed of four
core variables and four moderation variables. The four core variables
are performance expectation, effort expectation, social influences and
facilitating conditions, and the moderation variables include gender,
age, experience, and voluntariness of use, of which performance
expectation, effort expectation and social influences directly affect
the behavioral intention, and the facilitating circumstances and
behavioral intention directly affect the use behavior, and gender, age,
voluntariness of use and experience play a moderating role (29).
According to research, more than 40% of information technology
failures may be due to lack of full recognition of how individuals or
organizations accept and use technology, and information technology
can better provide services only if it is accepted and used by users (30).
The popularization and application of the health management system
is not only related to technology and services, but also closely related
to the acceptance of the older adults. At present, the use frequency
of emerging health management systems by the older adults is not
high, and the acceptance of emerging health management systems
is far lower than that of other age groups. Therefore, this paper
will use the UTAUT model combined with the characteristics of
the older adults and health management system to study the factors
affecting the behavioral intention of the older adults to use the health
management system.

3. Hypothesis and research model

3.1. Model presentation

Acceptance refers to the behavioral intention within the user
group to use ICT to accomplish tasks supported by their design.
Among them, the Unified Theory of Acceptance and Use of
Technology (UTAUT) model is a derived model of the Technology
Acceptance Model (TAM) model, which is able to explain 69% of
intention technology acceptance, while other models can explain
only about 40% of technology acceptance (29). Many scholars have
studied technology acceptance using the UTAUT model. Some
scholars (31, 32) used modified UTAUT models to analyze health
care professionals’ acceptance of electronic medical records. Other
scholars (33, 34) explored possible influencing factors of mobile
medicine using the UTAUT model. Therefore, UTAUT is considered
to be the most consistent model mentioned above, and it is also the
most active model used in technology acceptance research in the
field of healthcare (35). The application of UTAUT model to the
acceptance and use of information and communication technologies
(ICT) by the older adults within the healthcare domain will expand
the understanding of the robustness of the model in explaining the
acceptance and use.

To adapt to the research presented here, we will adjust these
structures and definitions from the original UTAUT model. The
UTAUT model was originally used to measure the acceptance of
technology in the organizational environment. When adjusting the
measurement factors of the model, the perspective of the older
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adults and the background of health care must be considered (36).
In this paper, we retain the four core elements in the original
UTAUT model: Performance Expectancy (PE), Effort Expectancy
(EE), Social Influence (SI), and Facilitating Conditions (FC). The
reasons for retaining the core variables are as follows: these
four core elements are important indicators of studying users’
behavioral intention to use information technology. The original
author concluded after validating the UTAUT model in six different
organizations that performance expectation, effort expectation, and
social influence are direct determinants of behavioral intention,
and behavioral intention and facilitating conditions directly affect
use behavior, so they are retained (29). The four moderation
variables (gender, age, voluntariness of use and experience) are
removed from the original model. The reasons for removing the
moderation variables are as follows. The subject of this study is
the older individuals over 60 years old, whose age is relatively
concentrated, so the moderation variable of age is removed;
secondly, the development of the older health management system
in China is still not very mature, and there is less reference in
practical experience and voluntariness of use in terms of acceptance,
so the experience and voluntariness of use are not included.
In order to more accurately and comprehensively explore the
influencing factors of the older adults accepting health management
system, four variables of perceived interactivity, perceived value,
perceived risk and personal innovation are added according to
the characteristics of the older adults and health management
system to jointly construct the initial model framework suitable
for this study. In order to verify the relationship between
performance expectation, effort expectation, social influences,
facilitating conditions, perceived risk, perceived value, perceived
interactivity, personal innovation and their behavioral intention to
use remote health management, we developed a conceptual model
based on the UTAUT model outlined in the literature review (Model
Figure 1), defining the relevant variables of the model and proposing
research hypotheses.

3.2. Formulation of the research hypotheses

3.2.1. Performance expectancy

Performance expectancy refers to the degree to which an
individual believes that using the system will help him or her to attain
gains in job performance. Performance expectation comes from the
perceived usefulness introduced in the original TAM model (29, 37).
In the context of telemedicine, usefulness can be regarded as the
degree to which the older adults subjectively believe that the use of
remote health management systems can improve or help their own
health benefits and reduce personal health threats. Of the 116 studies
on the relationship between performance expectation and behavioral
intention, 93 studies (80%) found a significant relationship between
the two (38). The key for users to accept information technology is
to perceive the usefulness of technology. The fear that technology
does not achieve the expected performance usually leads to the
behavior of older individuals unwilling to use the technology (39).
Many studies in the medical field have proved that performance
expectations have a positive impact on users’ behavioral intention
(40). When the older adults perceive that the health management
system can improve the efficiency of their own health management,
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which is beneficial to themselves, the behavioral intention is strong.
Therefore, the hypothesis is put forward:

H1: Performance expectation has a positive impact on the
behavioral intention of the older adults to use remote

health management.

3.2.2. Effort expectancy

Effort expectation refers to the degree of ease associated with the
use of the system and come from perceived ease of use introduced
in the TAM model (29). In this paper, it refers to the degree of
ease that the older adults perceive to use the health management
system. Previous studies have shown that effort expectation has a
strong impact on the extent to which users accept new technologies,
especially for the older individuals (41), who tend to encounter
more barriers to use new technologies than other ages, and thus
tend to have a lower behavioral intention to use new technologies
(42). Mohammed-Issa demonstrated that perceived ease of use had
a positive effect on perceived usefulness (43). That is the ease of use
of telemedicine services by the older individuals strongly affects their
behavioral intention to use the service and affects their acceptance
behavior (36). If the health management system is simple and easy to
operate, the older adults are willing to use it and will be easier to find
the usefulness of the management system. Therefore, the hypothesis
is put forward:

H2: Effort expectation has a positive impact on the behavioral
intention of the older adults to use remote health management.
H3: The effort expectation of the older adults for remote health
management positively affects the performance expectation.

3.2.3. Social influence

Social influence refers to the degree to which an individual
perceives that important others believe he or she should use the
new system (29). It here refers to the extent to which the older
adults use health management systems because they are influenced by
people around them. Of the 115 studies investigating the relationship
between social influence and behavioral intention, 86 studies (75%)
found that social influence had a significant impact on behavioral
intention (38). In the field of medical health, Lu et al. found that
social influence had a positive impact on users’ behavioral intention
to use information technology (44). Then, in the social environment
where the older adults live, their subjective views on new technologies
often depend on the evaluation of new technologies by their relatives
and friends or children and grandchildren. When they feel support,
encouragement or recommendation, the behavioral intention of
older adults to use it will be relatively higher, and the older adults will
be more willing to try it. Therefore, the hypothesis is put forward:

H4: Social influence has a positive impact on the behavioral
intention of the older adults to use remote health management.

3.2.4. Facilitating conditions

Facilitating conditions refer to the degree to which an individual
believes that an organizational and technical infrastructure exists to
support use of the system (29). In this paper, it refers to the extent

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1117518
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Li et al.

10.3389/fpubh.2023.1117518

Factors

[ = = = = = = =

| Performance |
Expectation(PE)

A 13

Effort
Expectation(EE)

HI1

-

Individual
Innovation(II)

Social
Influence(SI)

N\

HI12

Facilitating
Conditions(FC)

Perceived
Risk (PR)

Perceived
Value(PV)

Perceived
Interactivity(PI)

Perception Factor

FIGURE 1
The proposed research model.

Usage
Behavior(UB)

Behavioral
Intention(BI)

L H6 >

to which the older adults have conditions that can be supported when
using remote health management systems. Williams et al. investigated
54 studies of the relationship between facilitating conditions and
behavioral intention and stated that 36 studies (67%) demonstrated
a significant impact of facilitating conditions on use behavior (38).
Yi et al. demonstrated in their study that facilitating conditions are
direct determinants of use behavior of technology (45). The older
health management system in this study is a remote online service
platform that needs to be used on devices that support networking,
and having devices that support the use of health management
systems will promote the use of this management system by the older
adults. Therefore, the hypothesis is put forward:

H5: Facilitating conditions have a positive impact on the
behavior of the older adults to use remote health management.

3.2.5. Behavioral intention
Behavioral intention refers to an indication of an individual’s
readiness to perform a given behavior. In this paper, it refers to the
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tendency of the older adults to use the remote health management
systems. A review of the UTAUT model shows that of the 61 studies
on the relationship between behavioral intention and use behavior, 51
(82%) studies proved that behavioral intention has a positive effect on
use behavior (38). Venkatesh et al. (29) empirically demonstrated the
significant positive effect of behavioral intention on the use behavior
and suggested that behavioral intention is a valid influencing factor
of actual use behavior. Therefore, the hypothesis is put forward:

H6: Behavioral intention of the older adults to use health
management systems positively impacts their use behavior.

3.2.6. Perceived risk

The original concept of perceived risk comes from psychology.
Perceived risk can be understood as uncertainty about the possible
adverse consequences of using a product or service. Uncertainty
refers to the user’s perception of whether a risk will arise when
performing a certain behavior, that is, the risk to be taken before
the decision is made; adverse consequences mainly refer to the
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dangerous consequences resulting from the occurrence of a risk
(46). Considering the conservative psychological characteristics of
the older adults and the relatively new characteristics of telemedicine,
this paper defines the perceived risk as various risks that the older
adults may subjectively judge before using telemedicine management,
such as money risk, time risk, privacy risk, etc. WuJ et al. pointed out
that perceived risk had a significant negative impact on behavioral
intention of users, and users would hesitate or doubt due to problems
such as asymmetry of information, diversification of information, and
redundancy, which played a certain role in hindering the use of new
things (47). As an emerging remote service platform, the older adults
have various concerns due to technical barriers, which will reduce
the behavioral intention to use remote health management systems.
Therefore, the relevant hypothesis is put forward:

H7: Perceived risk has a negative impact on the behavioral
intention of the older adults to use remote health management.

3.2.7. Perceived value

From the perspective of consumer psychology, the perceived
value of consumers was an evaluation of the overall consumption
experience of the utility of products or services by consumers by
weighing the perceived benefits throughout the consumption process
against the costs paid when obtaining products or services (48).
Value is a subjective construct, and different people have different
perceptions of value. For example, the older adults with chronic
diseases will think that the most valuable part of remote health
management is chronic disease management, but for the older
adults without chronic diseases, daily health monitoring is the most
valuable. Several studies in the retail field have demonstrated that
the perceived value of users has a positive impact on behavioral
intention (49, 50). This paper mainly studies the acceptance of health
management systems by the older adults under telemedicine. The
older adults are unfamiliar with telemedicine management, and if the
older adults predict that the system can meet their needs for health
management, it will increase the desire to use the system. Therefore,
the hypothesis is put forward:

HB8: Perceived value has a positive impact on the behavioral
intention of the older adults to use remote health management.

3.2.8. Perceived interactivity

Perceived interactivity is defined as “the extent to which users
perceive their experience as a simulation of interpersonal interaction
and sense they are in the presence of a social other (51).” McMillan
envisioned perceived interactivity as three overlapped dimensions:
two-way communication, control of navigation/choices, and time
to load/time to find (52). Since this paper explores the influence
factors of the older adults’ acceptance of remote health management,
it is necessary to combine the characteristics that remote health
management is a new concept in China, and define the perceived
interactivity in this paper as “the information exchange experience
that the older adults expect to perceive in the face of remote health
management system.” Jee and Lee (53) found that there is a positive
relationship between perceived interactivity and attitudes toward the
website. The older adults often need a straightforward and efficient
experience due to physiological and psychological reasons. When
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they think that the information exchange method of the system is
in line with their usage habits, they will be more willing to use the
system. Therefore, the hypothesis is put forward:

H9: Perceived interactivity has a positive impact on the
behavioral intention of the older adults to use remote
health management.

H10: Perceived interactivity has a positive impact on the use

behavior of the older adults to use remote health management.

3.2.9. Individual innovation

Individual innovation is the ability of an individual to be good
at discovering and accepting new things. It is used to assess an
individual’s acceptance of new things (54). Individual innovation
is an important indicator to measure the acceptance of new
products or technologies by users. AI Busaidi found that in the
context of e-learning, learners with more innovative spirit had a
positive perception and usefulness of e-learning (50). This paper
mainly studies the acceptance of health management systems by the
older adults under telemedicine. Therefore, the older adults with
strong individual innovation are more sensitive to new information
technology and more easily accept and adapt to the integration of
telemedicine and health management. Such older adults often pay
more attention to the development of new technologies and can give
feedback on the current development trend or service experience
of telemedicine, and their risk perception ability is stronger than
that of others. The older adults with strong individual innovation
have relatively high operational ability, their interactive experience
perception of the new system is also more real, and the tendency of
use is higher. Therefore, the hypothesis is put forward:

H11: Individual innovation of patients positively impacts effort
expectation of behavioral intention to use remote health
management services.
H12: Individual innovation of patients positively impacts
perceived risk of behavioral intention to use remote health
management services.
H13: Individual innovation of patients positively impacts
perceived value of behavioral intention to use remote health
management services.
H14: Individual innovation of patients positively impacts
perceived risk of behavioral interactivity to use remote health
management services.

4. Materials and methods

4.1. Research objects and questionnaire

According to the preset model diagram (Figure 1) and the
hypothesis analysis of satisfaction, the study questionnaire of hospital
use for patients is divided into two parts. The first part is to collect the
basic information and characteristic information of users, including
gender, age, educational background, income, frequency of visits,
and previous use. The second part is measurement items (Table 1)
which are scored on a Likert 5-level scale from 1 to 5 (from strongly
disagree to strongly agree). The study was conducted in a level-A
tertiary hospital in Shanghai. Before the formal distribution of the
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TABLE 1 Measurement items of patient satisfaction research questionnaire.

‘ Construct Item Content
Performance expectation | PE1 RHM is helpful for me to judge my health status.
PE2 The use of RHM can improve the efficiency of my daily health management.
PE3 The use of RHM can improve the efficiency of medical service visits.
PE4 The use of RHM services can improve my health level and quality of life.
Effort expectation EE1 I'am easy to accept RHM services.
EE2 Learning to use RHM is easy for me.
EE3 The telemedicine services I have been contacted with are easy to operate.
Social influence SI1 Media publicity will promote my use of RHM.
SI2 The use and recommendation of people around me (family members, friends and children) will promote my use of RHM.
SI3 Hospitals, communities and policy implementation will promote my use of RHM.
Facilitating conditions FC1 T have basic access devices such as smartphones or tablets, and the RHM platform is compatible with my existing devices.
FC2 I have sufficient knowledge and experience in using Internet.
FC3 If T encounter problems when using the RHM platform, I can get the necessary support and help.
FC4 The use of RHM platform is very consistent with my health management method.
Individual innovation I I am always curious about new things.
12 T will take the initiative to focus on new information products and technologies.
113 I think it is very interesting to try new and emerging products.
114 In my circle of friends, I am usually the first to try out new Internet peripherals.
Behavioral intention BI1 Even if I have no health problems at present, I am willing to use health management services for monitoring and prevention.
BI2 When I have health problems, I am willing to use RHM service for health management.
BI3 I would like to recommend RHM service to others.
Usage behavior UB1 I use RHM for remote rehabilitation.
UB2 Tuse RHM for chronic disease management.
UB3 I use RHM for health monitoring.
UB4 Tuse RHM for accidental injury prevention.
Perceived risk PR1 The use of RHM platform will cause property damage to me.
PR2 It will take more time to use remote health management platform.
PR3 I worry that the use of RHM platform will put psychological burden on me.
PR4 The use of RHM platform will reveal my personal information, privacy and health data.
PR5 I am worried that the RHM system is not fully functional, which will affect my health.
Perceived value PV1 The health monitoring services in RHM are valuable to me.
PV2 The use and recommendation of people around me (family members, friends and children) will promote my use of RHM.
PV3 The use of RHM platform will put psychological burden on me.
PV4 1 think the accidental injury prevention services in RHM are valuable to me.
Perceived interactivity PI1 T hope the doctor-patient communication path of the RHM platform is smooth.
P12 I hope to interact with other older individuals on the RHM platform.
P13 Thope that the structural framework of the RHM platform is reasonably distributed and easy to operate.
PI4 I hope the visual performance of the RHM platform is clear.

PE, Performance expectation; EE, Effort expectation; SI, Social influence; FC, Facilitating conditions; II, Individual innovation; BI, Behavioral intention; UB, Usage behavior; PR, Perceived risk; PV,
Perceived value; PI, Perceived interactivity.
RHM, remote health management.

questionnaire, on-site investigation and interview were conducted  who are able to answer the questionnaire independently; (3) patients
in the hospital to correct the unclear questions, and finally a large ~ who provide informed consent and are willing to participate in this
number of questionnaires were distributed to the target group.  study. Exclusion criteria: (1) patients with doctor-patient disputes; (2)
Inclusion criteria: (1) patients aged > 60 years old; (2) patients  critically ill emergency patients. A total of 402 valid questionnaires
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were collected, including 249 males (61.9%) and 153 females (38.1%)
with 73 years median age (IQR: 72-79). Among the respondents, 106
(26.4%) had education below junior high school, 117 (29.1%) had
high school education, and 179 (44.5%) had were college education
or above; 194 (48.3%) lived with their spouses, 142(35.3%) lived with
their families, and 66 (16.4%) subjects lived alone.

4.2. Data analysis

The internal consistency of the construct was assessed by
Cronbach’s o reliability (acceptable if >0.7) and structural reliability
(acceptable if >0.6) (55, 56). The convergence and discriminant
validity of the measurement model were evaluated by confirmatory
factor analysis. If all terms’ factor loads were significant and >0.50,
the convergence effectiveness was verified (57). Structural equation
models were used to test hypothetical models. The eight most widely
used fitting indexes in SSCI studies were used to evaluate the overall
model fit. The ratio between chi-square statistics and the degree of
freedom (x*/df < 3), the x> chi-square, the approximate root means
square error (RMSEA), the normed fit index (NFI), the Tucker-Lewis
index (TLI), the comparative fit index (CFI), the goodness of fit index
(GFI), and the adjusted goodness of fit index (AGFI) were compared.
The evaluation and analysis of the SEM in the present study was
completed with AMOS24.0 (IBM Corporation Armonk, NY, USA)
and SPSS 26.0 (IBM Corporation Armonk, NY, USA).

5. Results
5.1. Analysis of reliability and validity of data

In this study, the factor loading was between 0.61 and 0.98,
showing that each question item had reliability; the overall Cronbach’s
Alpha coeflicients in the study were >0.7, indicating high reliability
of the data. The composite reliability (CR) ranged from 0.59 to
0.91, which showed good internal consistency for each construct; the
average variance extraction (AVE) ranged from 0.51 to 0.85 (as shown
in Table 2), which met the criteria, and therefore, all 10 dimensions
had good reliability and convergent validity.

In this study, the rigorous AVE method was used to test the
discriminant validity of the measurement model. If the square root
of AVE for each construct is larger than the correlation coefficient
between the constructs, it indicates that the model has discriminant
validity. As shown in Table 3, the root mean square of AVE for
diagonal constructs in this study is larger than the correlation
coeflicient outside the diagonal line, so the majority of constructs in
this study have good discriminant validity.

5.2. Structural model fit

The various fit indexes and allowable ranges as well as the model
fit were as follows: Normed Chi-sqr (x*/df) had an allowable range
of 1 < x*/df < 3 and a model fit of 2.78; RMSEA had an allowable
range of < 0.08 and a model fit of 0.07; NFI had an allowable range
of > 0.8 and a model fit of 0.89; TLI had an allowable range of > 0.8
and a model fit of 0.92; CFI had an allowable range of > 0.8 and a
model fit of 0.84; GFI had an allowable range of > 0.9 and a model fit
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TABLE 2 Reliability and validity analysis of the measurement model in this
research.

Item Factorload Cronbach'sa CR AVE
1I 111 0.944 0.791 0.596 0.852
112 0.655
113 0.770
114 0.685
EE EE1 0.937 0.772 0.827 0.620
EE2 0.721
EE3 0.680
PE PE1 0.984 0.854 0.919 0.740
PE2 0.817
PE3 0.795
PE4 0.832
SI SI1 0.769 0.788 0.874 0.699
SI2 0.798
SI3 0.932
BI BI1 0.931 0.801 0.896 0.743
BI2 0.732
BI3 0.862
UB UB1 0.775 0.702 0.806 0.511
UB2 0.612
UB3 0.719
UB4 0.744
FC FC1 0.782 0.734 0.898 0.787
FC2 0.826
FC3 0.799
FC4 0.904
PR PR1 0.974 0.843 0.911 0.721
PR2 0.816
PR3 0.761
PR4 0.831
PV PV1 0.742 0.788 0.862 0.612
PV2 0.738
PV3 0.709
PVv4 0.923
PI PI1 0.645 0.746 0.847 0.591
P12 0.677
PI3 0.878
P14 0.931

PE, Performance expectation; EE, Effort expectation; SI, Social influence; FC, Facilitating
conditions; II, Individual innovation; BI, Behavioral intention; UB, Usage behavior; PR,
Perceived risk; PV, Perceived value; PI, Perceived interactivity.

of 0.94; and AGFI had an allowable range of > 0.8 and a model fit of
0.92. According to the allowable ranges, each degree of fitting of this
model meets the requirement.
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TABLE 3 Discriminant validity of the measurement model.
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AVE FC N Il EE Pl PV PR PE Bl UB
EC 0.687 0.829
SI 0.699 0.304 0.836
I 0.852 0.151 0.129 0.923
EE 0.620 0.048 0.041 0.321 0.787
PI 0.591 0.027 0.023 0.182 0.058 0.769
PV 0.612 0.058 0.049 0.381 0.122 0.069 0.782
PR 0.721 —0.014 —0.012 —0.093 —0.030 —0.017 —0.036 0.849
PE 0.740 0.020 0.017 0.132 0.411 0.024 0.050 —0.012 0.860
BI 0.743 0.045 0.080 0.193 0.067 1.058 0.053 —0.018 0.046 0.862
UB 0511 0.739 0.261 0.223 0.074 0.655 0.074 —0.021 0.041 0.640 0.715

PE, Performance expectation; EE, Effort expectation; SI, Social influence; FC, Facilitating conditions; II, Individual innovation; BI, Behavioral intention; UB, Usage behavior; PR, Perceived risk; PV,

Perceived value; PI, Perceived interactivity.

5.3. Validation of structural equation model
hypothesis

Figure 2 shows the results of the estimated structural model and
Table 4 summarizes the results of the hypothesis test. The results of
the statistical analysis in this study basically supported the model
hypothesis. From the structural path of Figure 2 and the hypothesis
test of Table 4, it can be seen that individual innovation has no
effect on perceived value and perceived risk, that is, H12 and H13
are invalid. H5 is not supported and facilitating conditions have no
effect on applicable behavior. Except this, all other 11 hypotheses are
supported. The standardized coeflicient indicates that the influencing
factors of the behavioral intention of the older adults to accept
the health management system are: effort expectation (0.218), social
influences (0.150), perceived value (0.129), performance expectation
(0.071), perceived interactivity (0.015) and perceived risk (-0.026). At
the same time, effort expectation has a significant positive impact on
performance expectation. Individual innovation positively impacts
performance expectation (0.649) with perceived interactivity (0.486).
Perceived interactivity (0.848) and behavioral intention (0.827) have
a significant positive effect on the use behavior of the older adults,
while the facilitating conditions have little effect on the use behavior.

6. Discussion

6.1. Primary findings

With the rapid increase in demand for health/healthcare
information and services, it has led to the global promotion of user-
oriented and patient-centered healthcare in the era of information
technology. In the global aging wave, telemedicine management
systems are expected to play an important role in health care services
for the older adults. However, to truly achieve this goal, many aspects,
from the design of the application to the factors that affect the
behavioral intention, should be carefully considered. In this study,
the traditional UTAUT model is extended and four variables are
added: individual innovation, perceived risk, perceived value, and
perceived interactivity, so that it can more comprehensively explain
the complex use behavior of specific populations in specific fields.

Frontiersin Public Health

Performance expectation, effort expectation and social influences
all positively impact the behavioral intention of the older adults to use
remote health management in this study. This finding is consistent
with previous studies (29, 58). The use of the health management
system by the older adults is largely determined by the usefulness of
the system itself. In China, traditional medical concepts are deeply
rooted in the older adults and also affect the mode of medical
treatment. In the system design, let the older individuals perceive
that the health management system can improve their own health
management efficiency, meet their own actual needs and is beneficial
to their own health and is easily to use, the more motivated they
are to use it. On the other hand, the perceived usefulness depends
on the perceived ease of use, that is, the simpler the technology to
use, the more useful it is (59). Telemedicine institutions should pay
attention to the cultivation of skills and habits of the older individuals,
optimize the process of telemedicine services, improve the perceived
ease of use of older individuals, and meet the expectations of the
older adults. The older adults live in a social environment, and
the impact of society on the older adults cannot be ignored. The
interaction between the older adults and their communication groups
is one of the factors to encourage the use of health management,
and can alleviate the resistance to new technologies brought about
by technical pressure (60). When people around them (such as
friends, family members and colleagues) mention or use the new
system more, the older individuals will be influenced by them and
subjectively increase their acceptance of the new system, resulting
in their willingness to try, and their behavioral intention to use it
will increase.

Perceived value and perceived interactivity positively affect the
behavioral intention of the older adults to use remote health
management, while perceived risk negatively impacts their behavioral
intention to use remote health management. All of these variables
reflect the intuitive perception of new technologies in the older
individuals. In general, the needs of different older adults for health
management are different. The perceived value transmitted by remote
health management to the older individuals has a positive impact on
the development of remote health management. In order to improve
the perceived value, it is necessary to give priority to provide higher
value to the older adults and guide the older adults to develop habits.
The older adults are relatively sensitive to risk perception. In addition
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The final model with parameter estimates of the significant paths. *p < 0.05 and ***p < 0.001.

TABLE 4 Path analysis and detection results of the structural model.

Hypotheses  Structure pattern path Estimate SE CR p-value Supported?
H1 PE— BI 0.071 0.018 3.867 * ¥ ok Support

H2 EE— BI 0.218 0.033 6.511 * %k Support

H3 EE— PE 0.855 0.225 3.803 * ok % Support

H4 SI— BI 0.150 0.014 10.661 * ok % Support

H5 FC— UB —0.028 0.024 —1.140 0.254 Not support
Heé Bl— UB 0.827 0.086 9.628 * %k Support

H7 PR— BI —0.026 0.009 —2.811 0.005 Support

HS8 PV— BI 0.129 0.022 5.803 * ok % Support

H9 PI— BI 0.015 0.008 1.906 0.047 Support
H10 PI— UB 0.848 0.143 5.910 * ok % Support
H11 11— PE 0.649 0.112 5.769 * %k % Support
HI12 II—- PR —0.179 0.096 —1.857 0.063 Not support
HI13 II— PV 0.240 0.063 3.783 0.061 Not support
H14 II— PI 0.486 0.109 4.456 * ok % Support

PE, Performance expectation; EE, Effort expectation; SI, Social influence; FC, Facilitating conditions; II, Individual innovation; BI, Behavioral intention; UB, Usage behavior; PR, Perceived risk; PV,

Perceived value; PI, Perceived interactivity.
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to the security issues related to mobile payment, remote health
management also stores a large amount of personal information
of the older adults. Some older individuals will be skeptical about
the information quality content in the remote health management
system, or worry about misdiagnosis or diagnosis and treatment
errors in online consultation, which will become hidden dangers
affecting the promotion and use of remote health management. The
older adults are more inclined to seek objective and verified sources
of information, a feature that is more pronounced in technology-
related activities. The use habits of the older adults in China are
cautious and conservative. The remote health management system
is a relatively new thing for them, they have a low trust in new things,
and believe that they will experience errors and losses during use.
Therefore, for the problems worried by the older adults, measures
such as strengthening the construction of health management system
and improving laws and regulations can ensure the basic rights and
interests of the older adults, reduce their perception of risks, and
improve their behavioral intention to use.

Perceived interactivity has previously been less analyzed in the
context of telemedicine. In this study, it plays an important role in
both behavioral intention and use behavior. Therefore, it is necessary
to reflect characteristic services in functional design and interface
design, pay attention to providing sufficient information tips for
the older adults on the Interaction Point. The design should be
conducted from perceived usefulness, perceived safety, perceived
ease of use and perceived pleasure, so that users have strong
curiosity and strong interest in remote health management service
systems and user loyalty may be improved. It is worth noting that
innovation in the older adults also affects the use behavior through
perceived interactivity. Some older individuals with high acceptance
of new things often have higher expectation for the applicability of
emerging technologies and pay more attention to the innovation and
development of technologies. They are usually eager to stay ahead
of others and become the earliest adopters of new products with
higher behavioral intention to use the health management system.
Therefore, in the process of system popularization and use, we should
give full play to the leading role of the older adults with strong
individual innovation, and further strengthen the influence of social
influences and facilitating conditions.

Unlike previous studies, facilitating conditions in this study do
not influence use behavior. The reason for this is that in the current
intelligent social situation, the use of smartphones by the older
adults is increasing, with the resources and conditions for the use
of health management systems; secondly, the population using the
health management system is the older adults. The system design
for the older adults is relatively simple and easy to operate, as well
as the health management system is equipped with operating video
and consultation services. In case of difficulties, the older adults can
get help. With conditions and resources available, the older adults
believe that the conditional factors no longer affect the use of the
health management system.

6.2. Value of models in the design of Internet
healthcare systems

Based on the
interactivity has a significant impact on behavioral intention to

technology integration model, perceived
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use and use behavior, which provides inspiration for optimizing
remote health management design and implementation. It should
consider the important role of interactive design and user experience
in the process of product design of the remote health management
system while using related technologies. The design of remote health
management mainly starts from the following aspects: firstly, it
should perform user analysis for the older individuals with strong
individual innovation and high effort expectation to determine
their interest preferences and attitude toward the development
of telemedicine trends; secondly, it should conduct functional
positioning based on performance expectation, and performance
positioning of facilitating conditions based on perceived value;
thirdly, in the design stage, it should comprehensively consider
whether the design system process operation is simple, convenient
and efficient based on perceived interactivity, and consider safety
issues such as privacy protection, functional perfection, and
diagnostic professionalism based on perceived risk.

By integrating UTAUT model and remote health management
system design, the influencing factors of behavioral intention to use
and subsequent design scheme can be considered in all directions
and multiple levels. This model can guide researchers to tap the
needs and preferences of older adults groups, so as to accurately
grasp user needs, enhance user viscosity, improve service experience,
and improve the value of remote health management system. For
the functional positioning of remote health management systems,
it requires to comprehensively consider task-orientation and social-
orientation, simplify the process of using medical services and
improve the efficiency of users’ visits.

6.2.1. Optimizing the system design from the
perspective of interactive design

The interaction process runs through the whole remote health
management service. Doctors and patients achieve effective diagnosis
and treatment results through the cooperation of software and
hardware interaction system. It should optimize the telemedicine
service process, so that patients can conveniently obtain telemedicine
services, improve the perceived ease of use, and meet the efforts
expectation. The design needs to be patient-oriented, from the
perspective of “matching” to carry out the design and development
of service equipment and systems. It should pay attention to the
convenience and interface friendliness of telemedicine terminal
service system operation for the adults, and continuously improve the
functions and types of telemedicine services.

This study shows that the behavioral intention of the adults
to use the remote health management system is largely affected
by the effort expectation. In other words, ease of use has a more
important impact on whether the adults use the remote health
management system. With the increase of age, the adults have
different psychological and physiological characteristics from other
age groups. The user interface is the medium through which users
and machines exchange information with each other, including the
input and output of information. On the basis that the user interface
and interaction conforming to the physiological characteristics of
the adults, designers should also pay attention to the psychological
feelings of the older adults during the use process, including cognitive
load and user experience. Cognitive load refers to the working
memory requirements caused by complex tasks in specific situations
that require novel information or novel processing methods (61).
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It is an important indicator of cognitive feedback in the interactive
process. In this paper, it refers to the cognitive processing degree
of the adults using remote health management operations. In the
design, it is necessary to enhance the acceptance of remote health
management by the adults, reduce the cognitive load (62) by using
the navigation structure of linear hierarchical navigation (63), and
match the operation logic of remote health management with the
interactive experience of the inherent linear visual exploration mode
of the adults.

Physiologically, due to the decline in tactile sensitivity and muscle
control, it will be very difficult for the older adults to complete
certain fine movements such as button operations. At the same
time, due to visual nerve degeneration and reduced pyramidal cells
of the retina, the color identification ability of the adults becomes
worse. Psychologically, the older adults believe that the remote health
management system is a high-tech product and requires a new
knowledge system to control, so there is a widespread technological
gap in science and technology. In view of these characteristics, the
steps in the use process should be simplified as much as possible
to reduce the cognitive burden of older users, so that they can
easily use the system; in the necessary information layered design,
different colors are used to distinguish functional modules, and color
systems with medium brightness and high brightness contrast are
used; at the same time, for the fluency of the product, it needs
to comprehensively consider finger operation, user thinking and
page conversion to ensure smooth connection during operation;
the combination of simple one-finger gestures (such as click and
drag) with compatible user interface elements (such as buttons and
scales) is more helpful for the learning, memory and execution
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of the system (64). The older individuals have significantly higher
subjective preferences for specific type icons (i.e., skeuomorphic)
than abstract type icons (i.e., flattened) (65), so when patients input
information, it should minimize text input and improve voice input
functions; when patients are searching for conditions for chronic
disease management, it should provide relevant treatment experience
sharing and relevant physical icons and data of the disease. At the
same time, emergency medical consultation options or shortcuts
should be set up, such as shortcut keys to alarm for help, voice
for help, etc., to meet the consultation and rescue needs of some
accidental injuries and sudden disease conditions. Meanwhile, the
graphic layout of remote health management should respect the flow
of sight in the Chinese reading context, especially when designing
timelines and other graphic representations with flow direction, it
should respect the reading habits of the older adults.

In order to meet the performance expectation, the functional
modules mainly come from the requirements of hospitals and
social needs, not only including the four core functions used by
the older adults: health monitoring, chronic disease management,
rehabilitation management, accidental injury prevention, but also
considering the user’s use habits, user experience, behavioral
characteristics and visual effects in order to meet the multi-level
needs of remote health management system such as usefulness,
ease of use, availability, and convenience. Designers need to solve
specific problems in user interface design to lower the cognitive
threshold for initial use by the older users, enhance the visibility
of current functions in the interface, and provide adequate support
to users. The visualization and ease of use of various physiological
data have an important impact on the reception and transmission
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The whole interaction process of the telemedicine-based older adults remote health management service system.

of information by both doctors and patients. The operability and
comfort of the hardware system are also the basis for efficient
communication between both sides. System development designers
can organize user interfaces in a meaningful and useful way by
putting relevant content together and separating irrelevant content,
and dividing different content with different colors and fonts. These
optimized hierarchical interfaces can enable users to browse content
and use functions in a simpler way. In terms of navigation, the user
memory load should be reduced through information visualization
and simplified user interface and following a hierarchical structure
of step-by-step into details, especially those tasks that require more
steps. Designers should clearly display the task status and name of
the current interface, and let the user know the progress of the task to
enhance the user’s control (see Figure 3).

In conclusion, in health management services, it is necessary
to feel that the remote health management
service systems can optimize the use process and improve the

for patients
treatment experience, and perceive the value and convenience
of the product service experience. Secondly, for the designed
management system, some older individuals can be invited
to use it, and then continue to explore, improve, innovate,

and design a system that satisfies the older adults according

to the feedback results of the older adults after use, and
continuously improve the emotional design level of the
operating system.
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6.2.2. Apply the service design concept to remote
health management services

Health management is a professional and complex medical
service, which involves the systematic association and dynamic
management of individuals, families, communities and hospitals.
The older adults encounter many problems in the process of health
management, and single products or services often fail to meet the
diverse needs of older individuals and cannot ensure the continuity of
service experience. Service design, as a social frontier system design
theory for solving problems systematically, is a design phenomenon
that includes tangible and intangible conditions and multiple
interactions. It is necessary to integrate tangible products and
intangible services into a complete service system to provide effective
working ideas for the urban aging health management system. In
the service system of older health management, the older adults are
both service recipients and service providers, and they can realize
their own value while receiving services. Due to the complexity of
health management content, in order to meet the multi-dimensional
needs of users for chronic disease health management, it is necessary
to carry out whole-process design for health management, create
service modules with different contents, build a closed-loop of whole-
process service experience for sustainable development and all-round
management, and provide the older adults users with a whole-life
cycle health management program (Figure 4). In the older health
management service system, it should mobilize the enthusiasm of

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1117518
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Lietal.

all stakeholders and stimulate creativity through various operations,
enhance the viscosity between the system and users, and help all
stakeholders establish a lasting and reliable relationship, so as to
ensure the sustainable development of the service system, build a
closed-loop of whole-process services for sustainable development,
and establish a telemedicine-based older remote health management
service system.

7. Limitations

Based on the UTAUT model, this study constructs the
influence factor model of the acceptance of the health management
system for the older adults, and through questionnaire and data
analysis, some research conclusions are obtained, but there are still
some shortcomings.

Firstly, this study only investigated the older adults attending
a level-A tertiary hospital in Shanghai. in Shanghai. Although this
group is representative, due to geographical limitations and research
resources, fewer users in other provinces and cities are surveyed. In
order to ensure that the findings are more general and generalizable,
sample size should be expanded in future studies. At the same time,
other countries or regions can also be considered to deeply explore
the development mode of telemedicine in each country, so as to
provide reference for the development of telemedicine in China, and
gradually improve the unequal state of medical resources in various
regions of China.

Secondly, this study uses a cross-sectional study to identify factors
that affect the continuous acceptance of health management systems
by the older adults, and later studies can use longitudinal studies to
explore the degree of acceptance of the health management system by
the older adults over time.

8. Conclusion

With the help of UTAUT model, this paper constructs the
behavioral intention model of remote health management for the
older adults, makes the research logic clearer and more reasonable,
and excavates the new function and perspective of UTAUT model.
This research model proves that effort expectation, performance
expectation, perceived risk, perceived value and perceived interaction
are the important factors that affect the older adults use of
remote health management services. Our findings are conducive to
the online health management platform’s selection of appropriate
business methods and priorities, improvement of the service content
and construction, so as to improve the medical experience and
promote the use intention of older adult users. At the same time,
it provides theoretical support for building a good Internet-based
medical platform, which will promote better use of remote health
management platform under in the future.

Based on the research results, this paper provides reference and
basis for better use of remote health management services by the
older adults under the internet environment, which has practical
significance for optimizing the uneven distribution of resources
in China’s medical and health fields. In addition, this research
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also provides important insights for understanding the acceptance
behavior of older adult users in the field of telemedicine and how to
improve the older individuals experience from a design perspective.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by the Ethics Committee of Shanghai East Hospital. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

WL and JG designed the study question, performed the statistical
analyses, and wrote the original version of the manuscript. WL, XL,
TZ, and JY performed the investigation. WL, JY, and JG designed
the questionnaire and tables. QT was responsible for the overall
supervision of the study and the revision of the manuscript. All
authors read and approved the final manuscript.

Funding

This study was sponsored by Shanghai Pujiang Program, grant
number: 21PJC087.

Acknowledgments

We thank the participants, without whom this study would never
have been possible.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by the
publisher.

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1117518
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Li et al.

References

1. Guo H, Zhang M. The experience of foreign elderly health management
and its inspiration to our country. Chin ] Health Manag. (2014) 8:213-4.
doi: 10.3760/cma.j.issn.1674-0815.2014.03.020

2. Narasimha S, Madathil KC, Agnisarman S, Rogers H, Welch B, Ashok A, et al.
Designing telemedicine systems for geriatric patients: a review of the usability studies.
Telemed e-Health. (2016) 23:459-72. doi: 10.1089/tmj.2016.0178

3. Sharma D, Singh Aujla G, Bajaj R. Evolution from ancient medication to human-
centered healthcare 4.0: a review on health care recommender systems. J Int ] Commun
Syst. (2019) e4058. doi: 10.1002/dac.4058. [Epub ahead of print].

4. Van den M Berg N, Schumann, Kraft W K, Hoffmann. Telemedicine
and telecare for older patients—a systematic review. Maturitas. (2012) 73:94-
114. doi: 10.1016/j.maturitas.2012.06.010

5. Chen ], Huang J. Health Manager. Peking: Peking Union Medical College Press.
(2007). p.25.

6. Centers for Disease Control and Prevenion. Healthy People 1990. (2022). Available
online at: https://www.cdc.gov/nchs/healthy_people/hp1990.htm (accessed November
19, 2022).

7. Oliver A. The english national health service: 1979-2005. Health Econ. (2005)
14:575-99. doi: 10.1002/hec.1029

8. Obi T, Ishmatova D, Iwasaki N. Promoting Ict innovations for the ageing population
in Japan. Int ] Med Inform. (2013) 82:e47-62. doi: 10.1016/j.ijmedinf.2012.05.004

9. Fischer SH, David D, Crotty BH, Dierks M, Safran C. Acceptance and use of
health information technology by community-dwelling elders. Int | Med Inform. (2014)
83:624-35. doi: 10.1016/j.ijmedinf.2014.06.005

10. Hsiao CH, Tang KY. Examining a model of mobile healthcare technology
acceptance by the older adults in Taiwan. ] Glob Inf Technol Manag. (2015) 18:292—
311. doi: 10.1080/1097198X.2015.1108099

11. Jones RB, O’Connor A, Brelsford ], Parsons N, Skirton H. Costs and difficulties of
recruiting patients to provide e-health support: pilot study in one primary care trust. BMC
Med Inform Decis Mak. (2012) 12:25. doi: 10.1186/1472-6947-12-25

12. Craig J, Petterson V. Introduction to the Practice of Telemedicine. J Telemed
Telecare. (2005) 11:3-9. doi: 10.1177/1357633X0501100102

13. Whitten P, Sypher BD. Evolution of telemedicine from an applied
communication perspective in the United States. Telemed e-Health. (2006)
12:590-600. doi: 10.1089/tm].2006.12.590

14. Al-Samarraie H, Ghazal S, Alzahrani AI, Moody L. Telemedicine in middle eastern
countries: progress, barriers, and policy recommendations. Int J Med Inform. (2020)
141:104232. doi: 10.1016/j.ijmedinf.2020.104232

15. Dananjayan S, Raj GM. 5g in healthcare: how fast will be the transformation? Irish J
Med Sci. (2021) 190:497-501. doi: 10.1007/s11845-020-02329-w

16. Mbunge E, Muchemwa B, Jiyane Se, Batani J. Sensors and healthcare 50:
transformative shift in virtual care through emerging digital health technologies. Glob
Health J. (2021) 5:169-77. doi: 10.1016/j.gloh;j.2021.11.008

17. Li J, Carayon P. Health care 40: a vision for smart and connected health
care. IISE Trans Healthc Syst Eng. (2021) 11:171-80. doi: 10.1080/24725579.2021.
1884627

18. Manogaran G, Varatharajan R, Lopez D, Kumar PM, Sundarasekar R, Thota C,
et al. New architecture of internet of things and big data ecosystem for secured smart
healthcare monitoring and alerting system. Fut Gener Comput Syst. (2018) 82:375-
87. doi: 10.1016/j.future.2017.10.045

19. Wang H, Sun J,
in elderly patients with chronic disease.
doi: 10.12102/j.issn.1009-6493.2021.01.019

sedentary behavior
(2021) 35:110-4.

Wu S. Research progress on
Chin  Nurs Res.

20.Sun Y, Li W, Ai Y, Zhang D, Liu Y. Construction of health self - management model
of older people with chronic diseases based on internet of things. Chin Gen Pract. (2014)
17:1164-6471. doi: 10.3969/j.issn.1007-9572.2014.10.021

21. Klamroth-Marganska V, Giovanoli S, Easthope CA, Schonhammer JG.
Telerehabilitation Technology. In: Reinkensmeyer D], Marchal-Crespo L, Dietz V,
editors. Neurorehabilitation Technology. Cham: Springer International Publishing (2022).
p. 563-94.

22. Mousavi Hondori H, Khademi M. A review on technical and clinical impact
of microsoft kinect on physical therapy and rehabilitation. ] Med Eng (2014)
2014:846514. doi: 10.1155/2014/846514

23. Reddy AR, Ghantasala GSP, Patan R, Manikandan R, Kallam S. Smart Assistance of
Older Individuals in Emergency Situations at Home. In: Hemanth DJ, Anitha J, Tsihrintzis
GA, editors. Internet of Medical Things: Remote Healthcare Systems and Applications.
Cham: Springer International Publishing. (2021). p. 95-115.

24. Haddad YK, Bergen G, Luo F. Reducing fall risk in older adults. Am J Nurs. (2018)
118:21-2. doi: 10.1097/01.NAJ.0000541429.36218.2d

25. Mrozek D, Koczur A, Malysiak-Mrozek B. Fall detection in older adults with
mobile iot devices and machine learning in the cloud and on the edge. Inf Sci. (2020)
537:132-47. doi: 10.1016/j.ins.2020.05.070

Frontiersin Public Health

10.3389/fpubh.2023.1117518

26. Camafort M, Chung W], Shin JH. Role of ambulatory blood pressure
monitoring in older adults hypertensive patients. Clin Hypertens. (2022)
28:22. doi: 10.1186/s40885-022-00205-6

27. Kalid N, Zaidan AA, Zaidan BB, Salman OH, Hashim M, Muzammil H. Based real
time remote health monitoring systems: a review on patients prioritization and related
“Big Data” using body sensors information and communication technology. ] Med Syst.
(2017) 42:30. doi: 10.1007/s10916-017-0883-4

28. Thite TG, Bhalke DG. Real-time electrocardiogram monitoring for heart diseases
with secured internet of thing protocol. Int ] Med Eng Inform. (2022) 14:391-
401. doi: 10.1504/IJMEI.2022.125311

29. Venkatesh V, Morris MG, Davis GB, Davis FD. User acceptance of information
technology: toward a unified view. MIS Q. (2003) 27:425-78. doi: 10.2307/30036540

30. Kijsanayotin B, Pannarunothai S, Speedie SM. Factors influencing health
information technology adoption in Thailand’s community health centers: applying
the utaut model. Int ] Med Inform. (2009) 78:404-16. doi: 10.1016/j.ijmedinf.2008.
12.005

31. Wills MJ, El-Gayar OF Bennett D. Examining healthcare professionals
acceptance of electronic medical records using utaut. Issues Inf Syst. (2008) 9:396-401.
doi: 10.48009/2_iis_2008_396-401

32. Cohen Jason E Bancilhon JM, Jones M. South African Physicians’ Acceptance of
E-prescribing technology : an empirical test of a modified utaut model : research article.
South Afr Comput J. (2013) 50:43-54. doi: 10.18489/sacj.v50i1.175

33. Garavand A, Samadbeik M, Nadri H, Rahimi B, Asadi H. Effective factors in
adoption of mobile health applications between medical sciences students using the utaut
model. Methods Inf Med. (2019) 58:131-9. doi: 10.1055/s-0040-1701607

34. Lee J, Rho M]J. Perception of influencing factors on acceptance of mobile health
monitoring service: a comparison between users and non-users. Healthc Inform Res.
(2013) 19:167-76. doi: 10.4258/hir.2013.19.3.167

35. Ben Arfi W, Ben Nasr I, Khvatova T, Ben Zaied Y. Understanding
acceptance of ehealthcare by iot natives and iot immigrants: an integrated model
of utaut, perceived risk, and financial cost. Technol Forecast Soc Change. (2021)
163:120437. doi: 10.1016/j.techfore.2020.120437

36. Cimperman M, Makovec Bren¢i¢ M, Trkman P. Analyzing older users’ home
telehealth services acceptance behavior—applying an extended utaut model. Int ] Med
Inform. (2016) 90:22-31. doi: 10.1016/j.ijmedinf.2016.03.002

37. Pai FY, Huang KI. Applying the technology acceptance model to the introduction
of healthcare information systems. Technol Forecast Soc Change. (2011) 78:650-
60. doi: 10.1016/j.techfore.2010.11.007

38. Williams MD, Rana NP, Dwivedi YK. The unified theory of acceptance and
use of technology (Utaut): a literature review. J Enterp Inf Manag. (2015) 28:443-
88. doi: 10.1108/JEIM-09-2014-0088

39. Page T. Touchscreen mobile devices and older adults: a usability study. Int ] Hum
Factors Ergon. (2014) 3:65-85. doi: 10.1504/IJHFE.2014.062550

40. Holtz B. Krein S. Understanding nurse perceptions of a
implemented electronic medical record system. ] Technol Hum Serv.
29:247-62. doi: 10.1080/15228835.2011.639931

41. Quaosar GMAA, Hoque MR, Bao Y. Investigating factors affecting older adults’
intention to use m-health services: an empirical study. Telemed e-Health. (2017) 24:309-
14. doi: 10.1089/tm;j.2017.0111

42. Choudrie J, Pheeraphuttranghkoon S, Davari S. The digital divide and older adult
population adoption, use and diffusion of mobile phones: a quantitative study. Inf Syst
Front. (2020) 22:673-95. doi: 10.1007/s10796-018-9875-2

newly
(2011)

43. Jaradat M-IRM, Smadi ZMdA. Applying the technology acceptance model to the
introduction of mobile healthcare information systems. Int ] Behav Healthc Res. (2013)
4:123-43. doi: 10.1504/]JBHR.2013.057363

44. Lu J, Yao JE Yu CS. Personal innovativeness, social influences and adoption
of wireless internet services via mobile technology. J Strateg Inf Syst. (2005) 14:245-
68. doi: 10.1016/].jsis.2005.07.003

45. Yi MY, Jackson JD, Park JS, Probst JC. Understanding information technology
acceptance by individual professionals: toward an integrative view. Inf Manag. (2006)
43:350-63. doi: 10.1016/j.im.2005.08.006

46. Featherman MS, Pavlou PA. Predicting E-services
perceived risk facets perspective. Int ] Hum Comput Stud. (2003)
74. doi: 10.1016/5S1071-5819(03)00111-3

adoption:  a
59:451-

47.Wu], LiS. The research on users’willingness to use information service in the online
health community. Inf Sci. (2017) 35:119-25. doi: 10.13833/j.cnki.is.2017.04.022

48. Sanchez-Fernandez R, Iniesta-Bonillo MA. The concept
value: a systematic review of the research. Mark Theory.
51. doi: 10.1177/1470593107083165

49. Sweeney JC, Soutar GN, Johnson LW. The role of perceived risk in the
quality-value relationship: a study in a retail environment. J Refail. (1999) 75:77-
105. doi: 10.1016/S0022-4359(99)80005-0

of perceived
(2007) 7:427-

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1117518
https://doi.org/10.3760/cma.j.issn.1674-0815.2014.03.020
https://doi.org/10.1089/tmj.2016.0178
https://doi.org/10.1002/dac.4058
https://doi.org/10.1016/j.maturitas.2012.06.010
https://www.cdc.gov/nchs/healthy_people/hp1990.htm
https://doi.org/10.1002/hec.1029
https://doi.org/10.1016/j.ijmedinf.2012.05.004
https://doi.org/10.1016/j.ijmedinf.2014.06.005
https://doi.org/10.1080/1097198X.2015.1108099
https://doi.org/10.1186/1472-6947-12-25
https://doi.org/10.1177/1357633X0501100102
https://doi.org/10.1089/tmj.2006.12.590
https://doi.org/10.1016/j.ijmedinf.2020.104232
https://doi.org/10.1007/s11845-020-02329-w
https://doi.org/10.1016/j.glohj.2021.11.008
https://doi.org/10.1080/24725579.2021.1884627
https://doi.org/10.1016/j.future.2017.10.045
https://doi.org/10.12102/j.issn.1009-6493.2021.01.019
https://doi.org/10.3969/j.issn.1007-9572.2014.10.021
https://doi.org/10.1155/2014/846514
https://doi.org/10.1097/01.NAJ.0000541429.36218.2d
https://doi.org/10.1016/j.ins.2020.05.070
https://doi.org/10.1186/s40885-022-00205-6
https://doi.org/10.1007/s10916-017-0883-4
https://doi.org/10.1504/IJMEI.2022.125311
https://doi.org/10.2307/30036540
https://doi.org/10.1016/j.ijmedinf.2008.12.005
https://doi.org/10.48009/2_iis_2008_396-401
https://doi.org/10.18489/sacj.v50i1.175
https://doi.org/10.1055/s-0040-1701607
https://doi.org/10.4258/hir.2013.19.3.167
https://doi.org/10.1016/j.techfore.2020.120437
https://doi.org/10.1016/j.ijmedinf.2016.03.002
https://doi.org/10.1016/j.techfore.2010.11.007
https://doi.org/10.1108/JEIM-09-2014-0088
https://doi.org/10.1504/IJHFE.2014.062550
https://doi.org/10.1080/15228835.2011.639931
https://doi.org/10.1089/tmj.2017.0111
https://doi.org/10.1007/s10796-018-9875-2
https://doi.org/10.1504/IJBHR.2013.057363
https://doi.org/10.1016/j.jsis.2005.07.003
https://doi.org/10.1016/j.im.2005.08.006
https://doi.org/10.1016/S1071-5819(03)00111-3
https://doi.org/10.13833/j.cnki.is.2017.04.022
https://doi.org/10.1177/1470593107083165
https://doi.org/10.1016/S0022-4359(99)80005-0
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Lietal.

50. Al-Busaidi KAJB, Technology I. An empirical investigation linking learners’
adoption of blended learning to their intention of full e-learning. Behav Inf Technol.
(2013) 32:1168-76. doi: 10.1080/0144929X.2013.774047

51. Thorson KS, Rodgers S. Relationships between blogs as ewom and
interactivity, perceived interactivity, and parasocial. Int ] Interact Advert. (2006)
6:5-44. doi: 10.1080/15252019.2006.10722117

52. McMillan SJ, Hwang JS. Measures of perceived interactivity: an exploration of the
role of direction of communication, user control, and time in shaping perceptions of
interactivity. J Advert. (2002) 31:29-42. doi: 10.1080/00913367.2002.10673674

53. Jee J, Lee WN. Antecedents and Consequences of Perceived Interactivity. J Interact
Advert. (2002) 3:34-45. doi: 10.1080/15252019.2002.10722066

54. Ye J, Zheng J, Yi F. A study on users willingness to accept mobility
as a service based on utaut model. Technol Forecast Soc Change. (2020)
157:120066. doi: 10.1016/j.techfore.2020.120066

55. Ryu E. Model fit evaluation in multilevel structural equation models. Front Psychol.
(2014) 5:81. doi: 10.3389/fpsyg.2014.00081

56. De Vet HC, Mokkink LB, Mosmuller DG, Terwee CB. Spearman-Brown prophecy
formula and Cronbach’s alpha: Different faces of reliability and opportunities for new
applications. ] Clin Epidemiol. (2017) 85:45-9. doi: 10.1016/j.jclinepi.2017.01.013

57. Elston RC. Methods in Molecular Biology Statistical Human Genetics. New York, NY:
Humana New York Press (2017). p. 557-80.

Frontiersin Public Health

39

10.3389/fpubh.2023.1117518

58. Hoque R, Sorwar G. understanding factors influencing the adoption of mhealth
by the older adults: an extension of the utaut model. Int ] Med Inform. (2017) 101:75-
84. doi: 10.1016/j.ijmedinf.2017.02.002

59. Mariano J, Marques S, Ramos MR, Gerardo F, Cunha CLd, Girenko A, et al. Too old
for technology? Stereotype threat and technology use by older adults. Behav Inf Technol.
(2022) 41:1503-14. doi: 10.1080/0144929X.2021.1882577

60. Cao Y, LiJ, Qin X, Hu B. Examining the effect of overload on the mhealth application
resistance behavior of older adults users: an sor perspective. Int J Environ Res Public
Health. (2020) 17. doi: 10.3390/ijerph17186658. [Epub ahead of print].

61. Sweller J, van Merrienboer JJG, Paas FGWC. Cognitive architecture and
instructional design. Educ Psychol Rev. (1998) 10:251-96. doi: 10.1023/A:1022193728205

62. Kalimullah K, Sushmitha D. Influence of design elements in mobile applications
on user experience of older individuals. Procedia Comput Sci. (2017) 113:352-
9. doi: 10.1016/j.procs.2017.08.344

63. Shi A, Huo E Han D. Role of interface design: a comparison of different online
learning system designs. Front Psychol. (2021) 12:681756. doi: 10.3389/fpsyg.2021.681756

64. Gao Q, Sun Q. Examining the usability of touch screen gestures for older and
younger adults. Hum Factors. (2015) 57:835-63. doi: 10.1177/0018720815581293

65. Liu H, Wang W, Liu Y, Song F, Wang S, Guo H. Study on the differences of icon
cognition of graphical interface for age-friendly design. J Gerontol Soc Work. (2022)
1-18. doi: 10.1080/01634372.2022.2139319

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1117518
https://doi.org/10.1080/0144929X.2013.774047
https://doi.org/10.1080/15252019.2006.10722117
https://doi.org/10.1080/00913367.2002.10673674
https://doi.org/10.1080/15252019.2002.10722066
https://doi.org/10.1016/j.techfore.2020.120066
https://doi.org/10.3389/fpsyg.2014.00081
https://doi.org/10.1016/j.jclinepi.2017.01.013
https://doi.org/10.1016/j.ijmedinf.2017.02.002
https://doi.org/10.1080/0144929X.2021.1882577
https://doi.org/10.3390/ijerph17186658
https://doi.org/10.1023/A:1022193728205
https://doi.org/10.1016/j.procs.2017.08.344
https://doi.org/10.3389/fpsyg.2021.681756
https://doi.org/10.1177/0018720815581293
https://doi.org/10.1080/01634372.2022.2139319
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

& frontiers | Frontiers in Public Health

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Xiangnan Chai,
Nanjing University, China

REVIEWED BY

Hervé Bassinga,

Institut Superieur Des Sciences De La
Population, Burkina Faso

Ke Shen,

Fudan University, China

*CORRESPONDENCE
Yating Xie
xyting2013@163.com

SPECIALTY SECTION
This article was submitted to
Aging and Public Health,

a section of the journal
Frontiers in Public Health

RECEIVED 19 November 2022
ACCEPTED 13 February 2023
PUBLISHED 03 March 2023

CITATION

Nan 'Y, Xie Y and Hu Y (2023) Internet use and
depression among Chinese older adults: The
mediating effect of interpersonal relationship.
Front. Public Health 11:1102773.

doi: 10.3389/fpubh.2023.1102773

COPYRIGHT
© 2023 Nan, Xie and Hu. This is an

open-access article distributed under the terms

of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted which
does not comply with these terms.

Frontiersin Public Health

Tvpe Original Research
PUBLISHED 03 March 2023
pol 10.3389/fpubh.2023.1102773

Internet use and depression
among Chinese older adults: The
mediating effect of interpersonal
relationship

Yan Nan!?, Yating Xie?* and Yuqun Hu!

*Department of Social Security, School of Public Policy and Administration, Xi'an Jiaotong University,
Xi'an, China, ?Research Center for Social Governance Innovation, Henan Agricultural University,
Zhengzhou, China

The number of elderly Internet users has increased significantly in the past few
years, and the Internet has greatly changed the way that older adults access
information and communicate. Generally, those who regularly use the Internet
may expand their range of interpersonal interactions, which has positive effects
on their health. Depression is the leading cause of ill health, and is closely related
to people’'s mental health. We sought to investigate whether internet use help
reduce depression level among older adults. Using data from the 2020 China
Family Panel Studies (CFPS), a total of 4,714 respondents were included to explore
the effects of Internet use on the elderly’s depression levels in China, along with the
mediating role of interpersonal relationship in the above relationship. Regression
results indicated that Internet use significantly reduced depression levels among
the elderly. Further analysis showed that different Internet usage had different
effects on depression among the elderly. Wechat chatting, video browsing,
and online shopping were positively correlated with lower levels of depression.
However, playing online games and online learning did not predict reduced levels
of depression. Moreover, interpersonal relationship mediated the relationship
between Internet use and depression levels. Internet use was associated with
a higher level of interpersonal relationship, which in turn reduced depression
levels in older adults. Regarding gender and regional differences, the coefficient of
Internet use for urban older adults was significantly negative at 0.001 level, while
it was not significant for rural older adults. A mediating effect of interpersonal
relationship between Internet use and depression levels was only found for male
elderly. To reduce the level of depression and promote mental health in the course
of aging, Internet use and the improvement of interpersonal relationships merit
special attention.

KEYWORDS

Internet use, depression, older adults, interpersonal relationship, Chinese

1. Introduction

As China’s population aging continues to deepen, an increasing number of Chinese older
adults face health risks (such as loneliness, anxiety, and depression) (1). Depression, one of
the most prevalent mental illnesses among the elderly, has a detrimental effect on their health
(2). Data from the 2005 Chinese Population 1% Sample Survey showed that 13.6% of urban
elderly population suffer from moderate or severe depression. Among the rural elderly,
the proportion was 25.5% (3). The prevalence of depression increases with age, which not
only impairs the mental and physical functioning of the elderly, leads to impaired cognitive
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function, increases the risk of diseases such as heart disease and
stroke (4), but also increases the risk of suicide and death (5, 6).
Therefore, exploring the mechanism of reducing depression is of
great significance to improving the mental health of the elderly and
promoting healthy aging.

With the rapid development of Internet technology, the
number of Internet users in China was 1.032 billion as of 2021,
and the Internet penetration rate reached 73.0%.While the elderly
population constitutes a relatively small proportion of this group
of netizens, their proportion has continued to grow. The number
of elderly netizens aged 60 and above in China has reached 119
million, accounting for 11.5% of the total netizens. The Internet
penetration rate of the elderly population aged 60 and above is
43.2% (7). Risk factors for poor mental health among older adults
may be potentially impacted by Internet use (8). Existing research
shows that Internet use is strongly associated with health and can
help reduce social isolation and loneliness among older people
(9, 10). But there is uncertainty about the impact of Internet use
on depression among older adults. Using a systematic review of
quantitative and qualitative evidence, Forsman and Nordmyr (11)
reported that Internet use was not associated with depression in
40% of cases. Jun and Hey investigated the effects of Internet use
on satisfaction with social relationships and depression among
Korean older adults. Their research showed that Internet use did
not have direct effects on depression (12). A study on the mental
health of older people in England also confirmed this conclusion.
Lam et al. concluded that infrequent internet use was predictive
of deteriorating life satisfaction but not depression (13). However,
some evidence suggested that internet use was found to decrease
depression significantly (14). In a survey of retired older adults
in the United States, Cotten et al. found that prior internet use
reduced the probability of depression by a third in a sample of
3,000 retired adults older than 50 (15). Based on data from the 2018
China Family Panel Studies, Yang et al. found that older Chinese
who used the internet reported lower depression scores (16). At the
same time, the relationship between Internet use and depression
may be influenced by different categories of internet usage. Using
data from the 2013 and 2016 waves of the Japan Gerontological
Evaluation Study, Nakagomi et al. found that using the Internet
to communicate had a protective effect on the probability of
developing clinical depression (17). This conclusion was reinforced
by other studies. Some literature showed that using the Internet
for communication with friends and family was associated with
small but reliable decreases in depression. In contrast, health-
related internet use was associated with small but reliable increases
in depression (18). And by using the Internet to learn, work, and
conduct commercial activities, the relief of depression symptoms
dissipated (16).

Several studies have explored the mechanisms linking Internet
use and depression among older adults. Major and potentially
modifiable risk factors for depression among older adults
include social isolation, reduced social contact, and lack of
emotional support (19). Internet use could reduce depression
by promoting older people’s social engagement and expanding
their social networks, thereby reducing their risk of social
isolation (14, 20). However, few studies have examined the
role of interpersonal relationships in the association between
Internet use and depression. Interpersonal relationship refers
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to an individual’s relationship with others, which reflects the
individual’s social confidence and preference (21). Interpersonal
relationships can be beneficial to health by promoting processes
of exploration, personal growth, and goal-striving, all of which
are essential to health and wellbeing (22). If people cannot
forge a desirable relationship, they will feel isolated and lonely,
which will affect their mental health (23). In fact, using the
Internet to communicate is one of the key channels for older
people to maintain their relationships. It allows them to stay
in touch with their social networks, exchange social support
and improve their health (15). Additionally, older people who
use the Internet will increase their social connections, be more
satisfied with the connections, and have better interpersonal
relationships (24, 25).

Although some researchers have explored the link between
Internet use and depression among older adults and reported mixed
results, evidence examining the mechanisms linking Internet use to
depression is limited. This study examines how internet use affects
depression among Chinese older adults and investigates whether
Internet use plays a role in depression by influencing interpersonal
relationships. Moreover, the digital gap between urban and rural
areas or between women and men in China is huge. Therefore, this
paper also considers the heterogeneity of the elderly population in
China and analyze the impact of Internet use on depression among
different population groups.

2. Data and methodology
2.1. Data

Our data comes from 2020 China Family Panel Studies
(CFPS) conducted by the China Social Science Survey Center
of Peking University. It reflects the changes in China’s society,
economy, population, education and health. The project is a
national, large-scale, multidisciplinary social tracking exercise.
The CFPS sample covers 25 provinces/municipalities/autonomous
regions, with a target sample size of 16,000 households, and
the respondents include all family members in the sample
households. It is a reliable data source for academic research
and public policy analysis. The research object of this paper
was the elderly. According to the World Health Organization,
elderly people are defined as those 60 years of age or older
(26). So we excluded the sample of respondents under 60 years
old. In addition, we removed observations with missing data on
respondents’ demographic information. Our final dataset consisted
of 4,714 observations.

2.2. Variables and measures

2.2.1. Dependent variable

According to the Chinese version of CES-D, participants were
asked about their frequency of depressive symptoms in the past
week. The CES-D scale is a commonly used measure of depression
symptoms among older adults, which consists of 8 items (27, 28).
Sample items include: “I feel depressed in the past week,” “T feel it
takes a lot of effort to do anything in the past week,” “ My sleep is
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not good in the past week,” “I feel happy in the past week,” “I feel
lonely in the past week,” “I live happily in the past week,” “I feel
sad in the past week ;” and question “I feel that life can’t go on in
the past week.” Each item is scored on a scale from 1 (never) to
4 (almost every day). After the order was reversed for items with
positive measures, the average score was calculated, the higher the
score, the more serious the depression. Cronbach’s o for the present
sample was 0.78.

2.2.2. Independent variable

In our study, interpersonal relationship refers to the specific
state of connection between an individual and others, usually
measured by the quality of the relationship. The independent
variable was internet use, obtained from the question, “Do you use
mobile devices or computers to surf the internet?”. The available
answers were “Yes” and “No.” we assigned 1 to “Yes” and 0 to “No.”

2.2.3. Control variables

Referring to the relevant literature (16, 29, 30), we controlled
the following variables: gender (Gender), marital status (Marriage),
education attainment (Educ), household registration (Hr),
retirement (Retirement), Membership of Communist Party
of China (Party), self-assessed socio-economic status (Status),
self-assessed social class (Class) and physical health (Health). All
control variables and their definitions are shown in Table 1.

2.2.4. Mediating variable

The mediating variable was interpersonal relationship.
According to Liu’s research (21), interpersonal relationship refers
to the specific state of connection between an individual and others,
usually measured by the quality of the relationship. In this study,
interpersonal relationship refers to the universal contact between
individuals and others, including both the online relationship and
the relationship in real life. Because the use of the Internet may not
only have an impact on the online interpersonal relationship, but
also may have an impact on the real interpersonal relationship. We
measured the mediating variable with the question, “How about
your relationship with others?”. The available scores ranged from 0
(“Very poor”) to 10 (“Very good”).

2.3. Data analysis

In this study, all analyses were conducted in Stata 14.0
software. Firstly, we established ordinary least squares (OLS) model
as a benchmark model to test the effect of Internet use on
depression among the elderly. Secondly, we established propensity
score matching (PSM) method to overcome the selective bias
of Internet use, and further verified the conclusions of the OLS
model to see whether this effect continues to exist. Thirdly,
we constructed a mediation model with a bootstrap sample of
5,000 to examine the role of interpersonal relationships in the
association between Internet use and depression. Finally, we
examined the heterogeneous effect of Internet use on depression
in different samples.
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TABLE 1 Basic characteristics for variables.

Variables Category N Percentage or
mean (SD)
Dependent variable
Depression scores 4,714 1.69
from CES-D8
Independent variable
Internet use Yes 1,082 22.95%
No 3,632 77.05%
Mediating variable
Interpersonal 4,714 7.39
relationship
Control variables
Gender Female 2,240 47.52%
Male 2,474 52.48%
Age 4,714 68.12
Marital status Married or living 3,949 83.77%
with a spouse
Divorced or 765 16.23%
widowed
Education No formal 1,860 39.46%
attainment education
Primary school 1,059 22.46%
Junior high 1,033 21.91%
Senior high 625 13.26%
College or higher 137 2.91%
Household Rural 2,345 49.75%
registration
Urban 2,369 50.25%
Retirement Retired 2,545 53.99%
Unretired 2,169 46.01%
Member of Yes 644 13.66%
communist party of
China
No 4,070 86.34%
Self-assessed 4,714 3.19
socio-economic
status
Self-assessed social 4,714 3.48
class
Physical health 4,714 2.16

3. Empirical results

3.1. Sample details

As shown in Table 1, the mean depression score among the
4,714 older adults was relatively low (mean = 1.69). Of all
respondents, 2,240 (47.52%) were women, and 2,474 (52.48 %)
were men. The depression score of female seniors was 1.78, slightly
higher than that of male seniors (1.62). The average age was 68.12.
About 83.77% were married or living with their spouses. The
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TABLE 2 The benchmark regression results on internet use and

depression.
Variables Model 1 Model 2
Internet use —0.171%(0.019) —0.070***(0.020)
Gender —0.087***(0.016)
Age —0.004*(0.001)

Marital status

—0.155**(0.021)

Education attainment

—0.037*(0.008)

Rural/urban residence

—0.124*(0.016)

Retirement —0.060**(0.017)
Party member status —0.042(0.023)

Self-assessed socio-economic status —0.045***(0.008)
Self-assessed social class —0.033***(0.008)

Physical health —0.167**(0.008)
Constant 1.734*(0.009) 2.898**%(0.108)
Observations 4,714 4,714
R-squared 0.016 0.178

*p < 0.05, **p < 0.001; Standard errors are in parentheses.

majority of them were low educated, with 16.17% having a high
school degree or higher. Nearly half (49.75%) of the respondents
came from rural areas. The proportion of retired elderly people
was 53.99%. Among the respondents, there were 644 Chinese
Communist Party members. The average scores of self-assessed
socio-economic status and self-assessed social class were 3.19 and
3.48, respectively.

3.2. Benchmark regression results

Model 1 in Table 2 showed the null model, reporting the results
without control variables. And model 2 reported the results with
control variables. As Model 1 showed, the coefficient of Internet use
was significant and negative at 0.001 level. The result indicated that
Internet use could reduce depression levels among the elderly in
China. This conclusion was still supported when control variables
were included.

As Model 2 in Table2 showed, gender, age, marital
cohabitation, education attainment, household registration,
retirement, self-assessed socio-economic status, self-assessed social
class, and physical health had varying degrees of influence on
the level of depression among the elderly. Overall, the regression
coefficients of gender, marital cohabitation, education attainment,
household registration, retirement, self-assessed socio-economic
status, self-assessed social class, and physical health were significant
at 0.001 level. The effect of age on depression was significant at 0.05
level. However, party membership status had no significant effect
on depression. The results demonstrated that respondents who are
male (f = —0.087, p < 0.001), urban residents (B = —0.124, p<
0.001), not retired (B = —0.060, p < 0.001), married or living with
a spouse (B = —0.155, p < 0.001), were more likely to report lower
depression scores. And the higher the education, the lower the
level of depression. In addition, respondents with higher self-rated
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socioeconomic status or social class had lower depression scores.
At the same time, a negative relationship existed between physical
health and depression scores among older adults.

3.3. Endogenous treatment and robustness
test

According to relevant literature (31, 32), we used PSM method
to deal with the endogeneity and test robustness in model
estimation. The propensity score is the conditional probability of
being affected by some explanatory variable when controlling for
many observable confounding variables. The PSM method can
put these confounding variables into the Logit model to predict
the propensity score, and then control the propensity score to
alleviate the biased causal inference caused by the confounding
variables and selection bias (33). In this study, we used the PSM
method to overcome the selective bias of Internet use among the
elderly and further verify the conclusions of the OLS model to
investigate whether the relationship between variables persisted.
The first step was to predict the tendency value and build a
regression model with a binary dummy variable as the dependent
variable. In the binary dummy variable, 1 represented the treatment
group (older people using the Internet) and 0 represented the
control group (older people who were not using the Internet).
Independent variables were the control variables of this paper.
The second step was matching based on propensity value. PSM
method includes k nearest neighbor matching, absolute distance
limiting propensity score, nearest neighbor matching in caliper and
kernel matching, etc. The difference between matching methods
is that the distance calculation method is different, and each has
its advantages and disadvantages. Usually, we can choose any
matching method and choose the other two matching methods
to test the robustness of the results. Kernel matching, radius
matching, and local linear regression matching were used in our
study. The third step was to estimate the causality coefficient. The
estimation results of the above methods are shown in Table 3,
where ATT (Average Treatment Effect on the treated) represents
the average treatment effect on the treated (the average effect of
actual Internet use on depression levels among older adults). The
ATT values of kernel-based matching and radius-based matching
were —0.059 and —0.044, respectively (significant at the 5% level).
The ATT value of local linear-based regression matching was 0.044
(significant at the 1% level). These results indicated that after
controlling for endogeneity, Internet use had a negative effect on
depression level. The results showed that the net treatment effects
were all significantly positive, further verifying that internet use
could reduce depression among older adults. The PSM test proved
that the previous benchmark regression results had a certain degree
of robustness.

3.4. Mediating effect of interpersonal
relationship

We further used the Bootstrap method with 5,000 bootstrap
samples, proposed by Hayes (34), to test the mediating effect
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TABLE 3 Endogenous test and robustness test results.

Matching Kernel- Radius- Local linear
method based based regression-based
matching  matching matching
ATT —0.059"(0.020) —0.044%(0.022) —0.062*(0.021)
*p < 0.05, *p < 0.01. Standard errors are in parentheses.
B=-0.075 :
Internet use » Depression
Interpersonal
"D’b relationship \0.0
Q{Q' 20
B=-0.069
Internet use » Depression
FIGURE 1
Mediating effects of interpersonal relationship in the association
between Internet use and depression.

TABLE 4 Results of mediating effect.

95%
Conf.
interval

Types

Observed Bootstrap ~ P-
coefficient standard value

error

Indirect effect —0.006™* 0.002 0.004 —0.011,—0.002
Direct effect —0.069"* 0.019 0.000 —0.106,—0.031
Total effect —0.075"* 0.019 0.000 —0.113,—0.037
The 0.086

proportion of

indirect effect

Adjusting for gender, age, marital status, education attainment, household registration,
retirement, party member status, self-assessed socio-economic status, self-assessed social class
and physical health. **p < 0.01, **p < 0.001. Confidence intervals do not cross zero means
the relationship is significant.

of interpersonal relationship, and obtain the bias-corrected 95%
confidence intervals for the indirect effect and total effect.

Figure 1 and Table 4 showed the mediating role of interpersonal
relationship between internet use and depression level after
controlling for socio-demographic characteristics. It could be seen
that the coeflicient of Internet use on depression was reduced
after the inclusion of interpersonal relationship. The total effect
of internet use on depression was —0.075 (p < 0.001). When
perceived interpersonal relationship was included as a mediator,
the effect decreased (B = —0.069, p < 0.001). We could see that
the indirect effect of interpersonal relationship was significant at
0.01 level, and the proportion of indirect effect was 8.6%. These
results indicated that interpersonal relationship partly mediated the
relationship between internet use and depression among Chinese
older adults.
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3.5. Heterogeneity test

This section investigated the impacts of different Internet
usage on depression among the elderly. We also examined
heterogeneous effects of Internet use on depression among the
elderly based on regional and gender differences. The results
demonstrated that using Wechat, browsing short videos, and
online shopping had significant negative effects on depression.
However, playing online games and online learning had no
significant effect on reducing depression (Table 5). Columns (3,
4) in Table 6 showed the effect of Internet use on depression
among urban and rural elderly, respectively. The coefficient of
Internet use for urban older adults was significantly negative
at the 0.001 level, while it was not significant for rural
older adults. Columns (5, 6) in Table 6 showed the effect of
Internet use on depression among female and male older adults,
respectively. The results demonstrated that Internet use could
significantly reduce depression among female and male older
adults, but the impact was greater for females. In addition,
we examined the mediating effect of interpersonal relationship
between Internet use and depression among female and male older
adults, respectively. The results, shown in Table 7, indicated that
interpersonal relationship significantly mediates the relationship
between Internet use and depression, but only among male elderly,
not female.

4. Discussion

This study confirmed that Internet use could reduce depression
among older adults. The result supported some previous findings
linking Internet use to lower depression scores (15, 35). The
Internet provides social support and information access for
individuals, thereby contributing to improvements in older peoples’
mental health and social adaptation, such as improving their life
satisfaction and happiness, and reducing their levels of depression
(36, 37). We also identified the association between individuals’
basic demographic characteristics and depression. This study
showed that the incidence of depression was related to gender,
marital status, education attainment, household registration,
retirement, self-assessed socio-economic status, self-assessed social
class, and physical health. We found that older men tended to
have lower depression scores than older women. And the more
educated the older adults, the lower their depression scores. Older
adults with spouses had better mental health, and had lower
depression scores than those without spouses. Older retirees, who
have more free time for leisure activities and no job stress, have
a lower risk of depression than non-retired seniors. In addition,
higher self-rated socio-economic status, social class and physical
fitness were associated with lower depression scores. These results
were consistent with some previous results (25, 38). In addition,
the relationship between different categories of Internet use and
depression among the elderly was explored in this study. Wechat
use, short video browsing and online shopping had a protective
influence against depression. This conclusion was consistent with
part of the findings of Nakagomi et al. (17) and Braun (39),
whose findings showed that online communication with family
and friends significantly reduced depression among older adults. It
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TABLE 5 The regression results on different internet usage and depression.

10.3389/fpubh.2023.1102773

Variables Model 3 Model 4 Model 5 Model 6 Model 7
Internet use
WeChat use —0.082*(0.021)
Short video browsing —0.063**

(0.023)
Online shopping —0.070* (0.033)
Online games —0.012

(0.051)

Online learning —0.074 (0.044)
Constant 2.386™* (0.105) 2.358%* 2.330"** (0.104) 2.306™*(0.103) 2.317** (0.104)

(0.105)
Control variables Yes Yes Yes Yes Yes
Observations 4,714 4,714 4,714 4,714 4,714
R-squared 0.179 0.177 0.177 0.176 0.176

*p < 0.05, *p < 0.01, **p < 0.001; Standard errors are in parentheses. Due to space limitation, regression results on control variables were not listed.

TABLE 6 Results of heterogeneity test of the effect of Internet use on depression among older adults.

Variables Region Gender

Urban older adults Rural older adults Female older adults Male older adults
Internet use —0.088"*(0 0.024) —0.151(0 0.035) —0.093**(0 0.032) —0.064"*(0.025)
Control variables Yes Yes Yes Yes
Observations 2,369 2,345 2,240 2,474
R? 0.169 0.153 0.154 0.177

*p < 0.01,"*p < 0.001. Standard errors are in parentheses. Due to space limitation, regression results on control variables are not listed.

TABLE 7 Results of mediating effect based on samples of female and male older adults.

Gender

Female older adults (N = 2,240)
95% Conf. Interval

Observed coefficient

Male older adults (N = 2,474)

Observed coefficient

95% Conf. Interval

Indirect effect —0.005 (0.003) —0.012,0.001 —0.007** —0.0135,—0.001
Direct effect —0.088"%(0.029) —0.146,—0.030 —0.056* —0.105,—0.008
Total effect —0.093**(0.030) —0.151,-0.035 —0.064** —0.113,-0.015

Adjusting for gender, age, marita status, education attainment, household registration, retirement, party member status, self-assessed socio-economic status, self-assessed social class and physical
health. *p < 0.05, **p < 0.01. Confidence intervals do not cross zero means the relationship is significant.

also corroborates Yang et al., who reported that online recreational
activities were negatively associated with depression (16). While
our study obtained a new view that among recreational activities,
short video browsing could reduce depression, but online games
could not. On the one hand, with the rapid development of short
video software, elderly people in China enrich their daily life,
relieving loneliness and benefiting their mental health by watching
funny and health knowledge videos. On the other hand, the older
elderlies may have little interest in online games, and learning
online games consume a certain amount of energy and physical
strength not conducive to rest and relaxation. Furthermore, online
learning had no significant effect on depression among the elderly,
which was consistent with the conclusion of some researchers
(40). Depression is mostly related to psychological factors. The
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professional psychological knowledge of the elderly on the Internet
was less, and it was difficult for the elderly to relieve their personal
emotions and depression through online learning.

Moreover, only older adults in urban areas had statistically
significantly lower depression scores when using the Internet. This
was because the Internet was developing faster in urban areas than
rural areas in China. Urban elderly were more familiar with online
communication and online shopping. They were more likely to
derive happiness through this means. Further, the reduced effect
on depression was more apparent among female older adults than
their male counterparts. This was possibly because females are
more likely to derive emotional value from online activities such
as online communication and shopping, thus increasing their sense
of satisfaction and happiness.
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Additionally, Internet use affected depression levels among
older adults by improving the quality of their relationships. On
the one hand, the Internet provides convenient conditions for the
elderly to obtain interpersonal relations and maintain and expand
their interpersonal network (41). On the other hand, the elderly
could also engage in social interaction through the Internet to
obtain emotional support and social recognition from others, thus
reducing the risk of depression (42). However, the mechanism by
which Internet use reduced depression by improving relationships
was only found among older men, not women. This was possibly
because elderly men are more inclined to use the Internet as a social
tool to maintain or expand their social networks and meet their
social needs. While elderly women use the Internet to shop and
watch short videos to satisfy their consumption and entertainment
needs and relieve their negative emotions (43).

5. Conclusion

Based on a national sample of Chinese older adults, this study
explained the mechanism of how Internet use affects the depression
level of older adults. This study unveiled that Internet use could
significantly reduce depression levels among elderly individuals,
and interpersonal relationship played a mediating role in the
relationship between Internet use and depression. Furthermore,
only certain types of Internet use (WeChat use, Short Video
browsing, Online shopping) were associated with lower depression.
Additionally, we found clear demographic differences in the impact
of Internet use on depression. In conclusion, this study provides
new empirical evidence for the relationship between Internet use
and depression among older adults, and enriches the research on
the mental health of the elderly in the context of the Internet era.

This study has some limitations. The amount and frequency of
Internet use may also be related to depression outcomes, but we
did not address this specific issue due to the limitation of data and
sample size. We will conduct further analysis in the future.
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Since China entered the aging society, the surging demand for elderly care and the
industrial upgrading of “silver economy” has forced the domestic service industry
to face endogenous challenges. Among them, the formalization of the domestic
service industry can effectively reduce the transaction costs and risks of actors,
innovate the endogenous vitality of the industry, and promote the improvement of
elderly care quality through a triangular employment relationship. By constructing
a tripartite asymmetric evolutionary game model of clients, domestic enterprises
and governmental departments, this study uses the stability theorem of differential
equations to explore the influencing factors and action paths of the system’s
evolutionary stable strategies (ESS), and uses the research data collected from
China to assign values to models for simulation analysis. This study finds that the
ratio of the initial ideal strategy, the difference between profits and costs, subsidies
to clients, and subsidies or punishments for breach of contract to domestic
enterprises are the key factors affecting the formalization of the domestic service
industry. Subsidy policy programs can be divided into long-term and periodic
programs, and there are differences in the influence paths and effects of the
key factors in different situations. Increasing domestic enterprises’ market share
with employee management systems, formulating subsidy programs for clients,
and setting up evaluation and supervision mechanisms are efficient ways through
which to promote the formalization of the domestic service industry in China.
Subsidy policy of governmental departments should focus on improving the
professional skills and quality of elderly care domestic workers, and also encourage
domestic enterprises with employee management systems at the same time,
to expand the scope of service beneficiaries by running nutrition restaurants in
communities, cooperating with elderly care institutions, etc.

elderly care demands, formalization of domestic service industry, subsidy policy,
evolutionary game model, numerical simulation
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1. Introduction

In the background of surging aging, establishing formalized
domestic service markets is considered more cost-effective,
with rising population dependency ratios and increasing female
employment rates (1). As a result, it has emerged as the primary
coping mechanism used by nations to address rising social and
economic expenses of care, as well as rising demand for elderly care
(2-4). Home-based, community-based, and institutional elderly
care are three major parts of Chinas elderly care system. Among
them, home-based elderly care accounts for ~90% (5). The absolute
dominant position of it is a typical feature of Chinese elderly care.

On the one hand, the “filial piety” in traditional Chinese
Confucian culture is the spiritual core of Chinese elderly care.
Confucian culture believes that “the body, hair and skin, all have
been received from the parents” (shen ti fa fu, shou zhi fu mu),
and correspondingly, parents need to be taken care personally by
their children with full attention. Only in this way, can they be
said to have lived a wonderful life in their senior years according to
Confucianism. The care of children has become a critical criterion
for measuring their degree of filial piety. Therefore, the elders
without Kkinship care are defined as being in a pitiable state.
Even based on several sayings in a current Confucianism practice,
they will be losers in their own lives without support for future
generations. Undoubtedly, with the continuous advancement of
modernization, the fast-paced work and life have made the children
lose the realistic conditions for personal care. The emergence of
paid domestic services has just become a compensatory strategy
for personal care. And it has gradually become the mainstream
of Chinese elderly care, which would balance the dilemma of the
practice of “filial piety” in modern social structure.

On the other hand, intergenerational property relations solidify
Chinese elderly care. Owning real estate is a key factor in measuring
the interpersonal status of modern Chinese. At the same time,
renting means a lack of economic capabilities and social status,
and even being called “homelessness” by surrounding people.
Therefore, real estates are common gifts given by Chinese parents
to their children, so that it would form a bond based on economic
relationship of real estates full of legal and moral meaning between
them. As we can see, it is difficult to change this absolute high-
proportion home-based elderly care model in a short period.
Among them, paid domestic services are the main form of market-
oriented home-based elderly care, and also an important way to
support the current situation of Chinese elderly care. The trend
of the standardized development of the domestic service industry
is called the formalization of the domestic service industry. It can
effectively reduce the transaction costs and risks of actors through
a triangular employment relationship. Elderly care services are an
important part of domestic services. Under a huge shortage of
workers accompanied by a low level of service, the formalization
of the domestic service industry would help improve the quality
of elderly care. Furthermore, it would also promote the positive
work experience for elderly care workers, and significantly rescue
the urgent dilemma of Chinese elderly care.

The formalization of the domestic service industry could
be seen as the premise for the improvement of elderly care
services marketization. At present, there are many problems in
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the domestic service market in China, such as a high market
share of domestic enterprises with employee management systems
(6), lack of professional quality, lack of professionalism and low
education levels of domestic workers (7-9), and lack of labor
rights protection for domestic workers (10). Domestic workers’
professional quality is low, in our case, their work experience
is poor, and the inferior competition is severe; clients lack
consumer rights protection, limiting their consumption options;
and domestic enterprises’ functions are single and lack supervision.
The problems above lead to a disorder of internal development
of the domestic service industry resulting in the blockage of
mechanism practice, which directly affects the market’s ability
to meet the elderly care needs. It is imperative to seek an
effective way to promote the formalization of the domestic
service industry.

Policy plays an instructive role in the development of industries
frequently. In recent years, Chinese governmental departments
have implemented subsidy policy for domestic enterprises with
employee management systems and domestic workers. It has
become an important method to promote the formalization of
the domestic service industry. As such, the Opinions of the
General Office of the State Council on Promoting the Quality
and Expanding the Capacity of Domestic Service Industry (No.
30 [2019] of the General Office of the State Council) (referred
to as “36 Articles of Domestic Service”) provide subsidy methods
and objectives. This document defines domestic enterprises with
employee management systems, as those “enterprises that directly
sign service contracts with clients, sign labor contracts or service
agreements with domestic workers in accordance with the law and
pay social insurance premiums. Meanwhile, enterprises arrange
domestic workers to provide services to clients, pay labor wages
not lower than local minimum wage to domestic workers directly
or on behalf of clients, and conduct continuous trainings and
management for domestic workers.”

The facts that domestic enterprises tend to have employee
management systems, and clients tend to purchase domestic
services through domestic enterprises, are reflections of the
development of the domestic service industry toward a healthy
situation. Domestic enterprises with employee management
systems can adjust the effectiveness of different strategies for
domestic workers and clients, through reward and punishment
settings, to achieve the formalization of the industry (11).

Can subsidy policy truly promote the formalization of the
domestic service industry? How can subsidies be implemented
more efficiently? Because the formalization of the domestic service
industry is closely related to the strategies of governmental
departments, domestic enterprises, and clients, the process
of formalization can be regarded as a dynamic result of
game strategies with constant adjustment by various actors.
Therefore, evolutionary game theory provides an efficient analytical
perspective from another research logic to evaluate the current
relevant policies and, moreover, beyond the previous analysis logic
based only on variable interpretation.

The main issues of this paper are as follows:

(1) In the case of government subsidies and supervision, what are
the key factors affecting the healthy and orderly development
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of the domestic service industry? How do these factors affect
the evolutionary path of the system?

(2) Subsidies as the
governmental departments, will they affect the healthy

long-term or periodic methods of

operation of the domestic service industry? If so, what are the
variables that governmental departments should prioritize in
different situations?

(3) Is the current subsidy policy efficient? Does it promote the
labor quality and occupational health of domestic workers?
Does it really improve the quality of elderly care?

2. Literature review

2.1. Formalization of the domestic service
industry

The triangular employment relationship established by the
transaction actors in the domestic service market is the foothold
of the formalization of domestic work, which is an important
prerequisite for the realization of the formalization of the industry.
This triangular employment relationship refers to the tripartite
relationship established among service provider organizations,
domestic workers and clients (12).

The triangular employment relationship facilitates more
structured employment arrangements and establishes more formal
working relationships while also promoting the formalization
of the domestic service industry in four ways. First, domestic
enterprises sign contracts with clients to control the workload of
their domestic workers and avoid additional unpaid work (13, 14).
Moreover, the constraints of domestic enterprises placed on clients
can effectively improve the bargaining ability of domestic workers
(15). However, the effectiveness of such contracts is a matter of
concern because heterogeneity exists among domestic enterprises
(16). Second, the labor wages of domestic workers are paid by
domestic enterprises, which is beneficial for them to avoid the
occurrence of unauthorized deductions from domestic workers’
paychecks by clients (17, 18). Third, domestic workers employed by
domestic enterprises are more likely to resist abuse and harassment
by clients because they receive support from colleagues, ask for help
from domestic enterprises, continue working by changing clients,
etc., (19-21). Fourth, domestic enterprises provide trainings and
other services to build domestic workers’ confidence in the labor
market. Usually, domestic workers also expect to earn higher wages
after completing the trainings from domestic enterprises (22, 23).
For example, Cai et al. (24) used data from China and found
that trainings increased the monthly wages of domestic workers
by 11.9%.

Previous studies have paid attention to the role of domestic
enterprises in promoting the formalization of the domestic service
industry, such as by signing contracts and providing vocational
trainings. However, researchers are usually more inclined to explore
the impact of domestic enterprises on domestic workers at the
micro level, to ignore the impact of those services provided
by domestic enterprises on clients, and to seldom discuss the
impact of relevant policies on the choices of those functions
undertaken by domestic enterprises. In fact, the formalization of
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the domestic service industry involves multiple actors, including
relevant governmental departments, domestic enterprises and
clients, all of whom interact with each other.

2.2. Government subsidy policy and the
domestic service industry

Government policies in the field of domestic services can be
divided into three categories: first, employment and immigration
policies directly targeting domestic workers, which are usually
implemented through domestic enterprises and/or domestic
workers; second, policies that indirectly affect domestic workers
by reducing taxes for clients and/or issuing service vouchers;
and third, no policy (25). For example, the policy orientation of
Denmark, Sweden, and Finland is tax relief, while that of Belgium
and Austria is to issue service vouchers. Moreover, France and
Germany have both of the above-mentioned policy orientations,
while the United States is a typical example of having no policy.
The main purpose of such policies is to increase the number of
legally protected domestic workers by changing the way domestic
services are purchased, thereby creating employment opportunities
for private enterprises and reducing informal employment (3, 25).

The evaluation of the effect of policy implementation
considers mainly the impact on the labor market, organizational
transformation and households. For example, Windebank (26)
found that the positive impact of French policies on households
and domestic workers was negligible, while Bailly et al. (27)
argued that the policies implemented in France to achieve the
goal of job creation emphasize the number of jobs at the expense
of quality of care services, and the increase in the proportion
of direct employment reduces the positive effect of the policy.
Moreover, Jokela (28) conducted a quantitative comparative study
on the relationship between paid domestic work and precarious
employment in Germany, Luxembourg, Italy, Spain and the
United States at the micro level, finding that although policies were
different, compared with other industries, the domestic service
industry was more unstable. In addition, in the United States, which
has no relevant policies, and other countries with subsidy policy,
there is weak supervision of the domestic service market.

Since subsidy policy is often demand-driven, its goal is to make
it easier for households to hire domestic workers, and the policy
beneficiaries are often first those households that are able to pay
for services. While reducing the burden of housework for dual-
earner households, such policy also exacerbates gender inequality
in housework, shifting housework from wealthier women to less
wealthy women (3, 21, 26). Based on the empirical research
of Belgium, France, Switzerland and Brazil, Tomei (29) found
that working conditions for domestic workers improved slightly
after governments offered an incentive to increase the number of
licensed domestic enterprises, but the quality of domestic services
remained uneven. Jokela (25) argued that relevant policies reflected
the underestimation of paid domestic work in the regulation of
visa restrictions and residency requirements and that practices such
as limiting hours of service and failing to distinguish between
different types of domestic work exacerbated the disadvantage of
domestic workers’ employment insecurity. Additionally, studies by
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van Walsum (30), Morel (31), and Jokela (28) drew conclusions
similar to those of Jokela. Shutes and Walsh (32) argued that
market-oriented policies may deepen the negative effects of identity
differences such as race and citizenship differences. Furthermore,
Tomei (29) argued that a more standardized employment
relationship weakened the bargaining power of self-employed
domestic workers with their employers, making domestic workers
more competitive.

Governmental departments, domestic enterprises and clients
are the main actors in promoting the formalization of the domestic
service industry, but the relevant literature studies mainly the role
of subsidy policy in a certain aspect of the domestic service industry
through quantitative research or policy analysis. There is a lack of
perspectives that can integrate different actors and of mathematical
models to study the stability of triangular strategy combinations.

2.3. Application of evolutionary game
theory in government subsidy policy

Evolutionary game theory combines game theory and
Darwinian biological evolution theory to compensate for the lack
of time evolution inherent in previous game theory. The core of
evolutionary game theory is an evolutionary stable strategy (33).
The research on actors’ action strategies and operation mechanisms
under subsidy policy or supervision by applying evolutionary game
models focused on the fields of technological innovation and
drug production. By constructing evolutionary game models, it
can be seen that the governments innovation input and product
subsidies have different impact mechanisms in terms of their effect
on cost-advantage and cost-disadvantage enterprises in terms of
choosing different innovation models (34). Because subsidies can
reduce costs incurred by enterprises, policy subsidies are usually
beneficial for the development of industries (35, 36). However,
subsidy policy is usually only a short-term regulatory measure,
so subsidy withdrawal mechanisms still need to be formulated by
the relevant departments (37, 38). In addition, the government’s
supervision of various transaction actors in the market has positive
significance in terms of promoting buyers and sellers in fulfilling
contracts (39-41).

Evolutionary game models are suitable for studies of actors’
action strategies and operation mechanisms under subsidy policy
or supervision. The implementation of subsidy policy and
government supervision has positive significance in emerging
industries as well as those industries that are in urgent need of
formalization. Subsidy structures, subsidy intensity, punishment
mechanisms, and reward and punishment settings are important
variables that affect the evolutionary stability of the system, and
subsidy programs planned for the long term or periodically may
also affect the realization paths of policy objectives.

Previous studies have considered evolutionary game theory
because the theoretical perspective lacks attention to the domestic
service industry; actually, the process of the formalization of the
domestic service industry can also be regarded as a dynamic
result of the constant adjustment of game strategies by various
actors. Therefore, this study constructs a tripartite asymmetric
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evolutionary game model of governmental departments, domestic
enterprises and clients; incorporates government subsidies and
supervision as variables in the model; and uses the stability theorem
of differential equations to explore the systematic evolutionary
stability strategy, influencing factors and mechanisms of the
formalization of the domestic service industry.

3. Data resources

The data reference information used in the initial value setting
part of the simulation analysis of this research was from two
sources. First, a questionnaire survey was conducted in Nanjing,
Guangzhou, Foshan and Wuxi by the research group of Research
on the Employment Relationship of Domestic Workers in the
Internet Age of School of Social and Behavioral Sciences, Nanjing
University, in 2019. The survey obtained 1,007 valid questionnaires
through respondent-driven sampling, and was verified by the RDS
estimator and other testing methods to obtain an approximate
random sample, that is, this data can be regarded as a representative
sample. Second, 51 documents, including those on domestic
service subsidies, were collected from the official websites of
the relevant departments of provinces (including autonomous
regions and municipalities directly under the Central Government)
and municipal governments in Mainland China (covering 15
provinces, autonomous regions, and municipalities). The direct
subsidy targets of policies are mainly domestic enterprises with
employee management systems and their domestic workers.
Usually, domestic workers' subsidies must be implemented by
domestic enterprises with employee management systems.

4. Model description and construction
4.1. Model description

Clients domestic  services

enterprises or by hiring self-employed domestic workers. The

purchase through domestic
management modes of domestic enterprises can be divided into
employee management systems and agency management systems.
Domestic enterprises with employee management systems sign
labor contracts or service agreements with domestic workers,
pay social insurance premiums, provide trainings to and pay
labor wages of domestic workers, sign service contracts with
clients, and establish clients rewards and feedback evaluation
mechanisms. Domestic enterprises with employee management
systems generally only provide order-taking and dispatching
services. In addition to providing incentives through subsidy
policy, governmental departments also need to set up regulatory
mechanisms to restrict the behavior of actors, such as punishments
for cheating in subsidies. The main goals of governmental
departments are to gain a positive reputation and to improve the
well-being of society; the latter includes protections for the job
market, consumer rights and workers. In addition, governmental
departments can also choose loose management approaches, for
example, only providing market behavior regulations. Figure 1
shows the schematic diagram of structural relationship formed by
the three actors.
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FIGURE 1
Schematic diagram of structural relationship.

4.2. Model construction

To construct evolutionary game models, the following
assumptions are made: the strategic space of clients is {to purchase,
not to purchase}, the proportion of those choosing to purchase
domestic services is x (0 < x < 1), and the proportion of
those choosing not to purchase domestic services is 1 — x. The
strategic space of domestic enterprises is {employee management
systems, agency management systems}, the proportion of those
choosing employee management systems is y (0 < y < 1), and
the proportion of those choosing agency management systems is
1 — y. The strategic space of governmental departments is {strict
supervision, loose supervision}, the proportion of those with strict
supervision is z (0 < z < 1), and the proportion of those with
loose supervision is 1 — z. The relevant parameters are set as in
Table 1.

It is assumed that the sum of the profit and cost differences
for different choices of clients is less than that of the rewards
received from domestic enterprises, which is R., — R, + yeb —
Ve < L, where V¥ — yen
profit differences for different choices of domestic enterprises

> 0. The sum of cost and

and the rewards from purchasing domestic services for clients
from domestic enterprises with employee management systems
is less than the difference between subsidies and punishments
imposed by governmental departments for domestic enterprises
with employee management systems, which is Q“ — Q" +
W — Wee + Lee < 9T — OC?P, where Q°° — Q™ >0. The
costs of governmental departments choosing strict supervision
are higher than the costs of them choosing loose supervision,
which is B — B > 0. The positive reputation obtained by
governmental departments when they choose strict supervision is
greater than their cost differences under different choices, which
is D > B& — B8, The subsidies from governmental departments
to domestic enterprises with employee management systems are
higher than the punishments for the irregular behavior of domestic
enterprises with employee management systems, which is 91" >
OC®P. According to the above model assumptions and parameter
settings, a tripartite game payoff matrix can be obtained (see
Table 2).
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5. Model analysis

5.1. Stability analysis of clients’ strategic
choices

The expected profits when clients choose “to purchase” and
“not to purchase” are 7, and 7., respectively:

1)

wa=I" (y—1) +@Wz+Lecy+Ryp— Ve
7Te2=1b (}’_1) +Rey—V"

The average expected profit is 7,:

e = x[I' ()=1) +oWztLey+Ra— V| + (1= [1* (y-1)
+ Ren_Ven] (2)

According to the Malthusian growth equation (42), the change
rate of clients’ choice “to purchase” is equal to the difference
between the fitness of the strategy and average fitness. From
Equations (1) and (2), the replicator dynamic equation of clients
can be written as follows:

dx o
F(x) = E:x(ﬂel_ne)
= x(1—x) (gole—l—Lecy—Veb—f—Ve”—}—Reb—Re,,) 3)
dx

% represents the change rate of the proportion of clients
choosing “to purchase” with time ¢ to make the strategy exist in a
stable situation; it must satisfy F (x) = 0 and % < 0. According

to Equation (3), the partial derivative of F (x) is as follows:

JoF (x
ai ) (1-2x) ((plI/z—|—Lecy— veb+ve”+Reb—Ren> (4)
eb en
(a) When z = v 7L”yfv,1, “RaptRen _ z*, for any x, F (x) = 0.

¢
At this time, any clients’ strategy is a stable strategy.
(b) If z # z*, then set F (x) = 0 to obtain two stable points,

_ _ x O0F(x) JF(x)
x = 0and x = 1. When z < z¥, s |x:0 < 0, and i |x:1
0, at this time, x = 0 is the evolutionary stable point; that is,
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TABLE 1 Model parameters.

Stakeholders Parameters Descriptions
Governmental B costs of strict supervision by governmental departments
departments
B¢ costs of loose supervision by governmental departments
r subsidy amount for domestic enterprises with employee management systems
v subsidy intensity for domestic enterprises with employee management systems (¢ > 0)
v subsidy amount for clients
[ subsidy intensity for clients (¢ > 0)
ce punishments for the irregular behavior of domestic enterprises with employee management systems
0 punishment strength for the irregular behavior of domestic enterprises with employee management systems (6 > 0)
D positive reputation and positive impact on society under strict supervision (regarded as constant)
N& loss of governmental departments for clients choosing not to purchase domestic services from domestic enterprises
Domestic enterprises Qe costs of implementing employee management systems
Q™" costs of implementing agency management systems
Wee profits from implementing employee management systems
Wen profits from implementing agency management systems
Ap when governmental departments choose strict supervision, punishments for the irregular behavior of domestic
enterprises with employee management systems
N¢ loss of domestic enterprises for clients choosing not to purchase domestic services from domestic enterprises
Clients Ve costs of purchasing domestic services from domestic enterprises
ver costs of not purchasing domestic services from domestic enterprises
R profits from purchasing domestic services from domestic enterprises
Ren profits from not purchasing domestic services from domestic enterprises
L when domestic enterprises choose employee management systems, rewards from purchasing domestic services from
domestic enterprises
I loss of clients when domestic enterprises implement agency management systems

TABLE 2 Payoff matrix of three actors.

Clients Governmental departments
Strict supervision Loose supervision
Domestic enterprises Employee management systems To purchase Ry — Ve + oW + L, Ry — V& + L.
Wee — Q¥+ 9T —0CP — L Wee — Q° — L.
D — B — oW — 9T +6C? —B¢
Not to purchase R, — Ve R, — Ve
Wee — Q°+ 0T —6CP — N°© Wee — Q% — N°©
D —B¥ — 9T 4+ 0C? — N¢ —BY — N¢®
Agency management systems To purchase Ry — V& oW — IV Ry — V& — P
Wen — Q™ — Ay Wen — Q™
D— B — W+ A, B
Not to purchase Ry — Ve — 1Y Ry — Ve — b
Wen — Q™" — Ap — N° Wen — Q™ — N¢
D—BY —N¢+ A, —B¢ ¢
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when the proportion of governmental departments choosing “strict

supervision” is lower than a certain degree, “not to purchase” is
the optimal strategy for clients. When z > z%, % |y=1 < O,

IF(x)
and ax |x:0

point; that is, when the proportion of governmental departments

> 0, at this time, x = 1 is the evolutionary stable

choosing “strict supervision” is higher than a certain degree, “to
purchase” is the optimal strategy for clients. The related phase
diagram is shown in Figure 2.

Figure 2 shows the volume V,; of the probability that clients
will not purchase, and the volume V; of the probability that clients
will purchase, which can be calculated by the following:

VR T e yen R Ry—Ley
] T s
(VO VO_R R, ®)
20V L,
S (6)

Inference I: The probability of clients choosing “to purchase”
is positively related to subsidies from governmental departments
to clients and purchase incentives given to clients by domestic
enterprises and is negatively related to the cost and profit
differences between clients choosing “to purchase” and “not
to purchase.”

. Qi Ve Ve Ve Ve
Proof: Since oo e > 0, 5 A IAR

@¥ and L, increase, the volume of V,, grows, and the probability

< 0, and < 0, when

> 0,

of clients choosing “to purchase” increases at this time. When AV,
and AR, decrease, the volume of V,; shrinks, and the probability of
clients choosing “to purchase” decreases at this time.

From Inference I, governmental departments are shown to be
able to guide clients’ choices by subsidizing purchasing behavior
through domestic enterprises with employee management systems.
Inference II: The probability of clients choosing “to purchase”
increases with the increase in the probability that domestic

10.3389/fpubh.2023.1111208

eb__ _yen_
Proof: When z > z* or y > 42 LV ReptRen
‘ec

and F (x) > 0, at this time, x = 1 is the evolutionary stable strategy.
Therefore, as y or z increases, clients’ stable strategy increases from

dF
B lem <0,

x=0tox= L
From Inference II, it can be seen that when governmental

departments  choose  “strict  supervision” and  when
domestic  enterprises implement “employee management
systems,” they increase clients purchase profits and
reduce purchase costs through approaches like subsidies

and incentives.

5.2. Stability analysis of domestic
enterprises’ strategic choices

The expected profits when domestic enterprises choose
“employee management systems” and “agency management
systems” are 7. and 7., respectively:

7= (0CP—9T) z4 (N —Lec) x—N —Q“+ W, 7
To=N (x—1) —Apz— Q"+ W,
The average expected profit is 77
7 = y[(0CP—IT) z+ (N°—Lec) x— N —Q + W, |
+ (1=y) [N® (x—=1) =Apz— Q"+ W, ] (8)

From Equations (7) and (8), the replicator dynamic equation of
domestic enterprises can be written as follows:

d
FO) = Pmy a0 =y (19) (97 — 0CP+Ap) s Lex
- ch+an_ ch+ ch] (9)

enterprises choose “employee management systems® and To make domestic enterprises choose “employee management
governmental departments choose “strict supervision.” systems” strategy in a stable situation, it must satisfy F (y) = 0
z Z z
I |
|
|
N } <« Vel
————————————— z* e <« Ve
/
/II // // ¥ | y
/ 3 J
/I / J ll_____ )_____ | S
)= /7
/ / 1/ /
// /, /
e R A -
Vi /
X x X
=z >z 7<z*
FIGURE 2
Phase diagram of clients’ strategy.
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FIGURE 3

Phase diagram of domestic enterprises’ strategy.

<« Je2

x>x*

and 8P(;7(y)
of F(y) is as follows:

F
i} 3(y) = (1-2)) [(9T — 0CP+Ap) 2= Leex—Q*“+Q™
y

< 0. According to Equation (9), the partial derivative

— Wt We] (10)

(19F79CCP+AP)27QCB+QM*ch+ch ok f
T = x*, for any

(a) When x =
y, F(y) = 0. At this time, any domestic enterprises’ strategy is a
stable strategy.

(b) If x # x*, then set F(y) =
points, y = 0 and y = 1. When x > x%,
0F(y)
Ty b
when the probability of clients choosing “to purchase” is larger than

0 to obtain two stable

9E(y)

S < 0, and
dy |y:0

\Y

0, then y = 0 is the evolutionary stable point; that is,

a certain degree, “agency management systems” are the optimal
0F(y)

strategy for domestic enterprises. When x < x¥, T\ .

<
0,and Bgﬁ|
y =0

that is, when the probability of clients choosing “to purchase” is

> 0, then y = 1 is the evolutionary stable point;

less than a certain degree, “employee management systems” are
the optimal strategy for domestic enterprises. The related phase
diagram is shown in Figure 3.

Figure 3 shows the volume V; of the probability of domestic
enterprises choosing “employee management systems” and the
volume V. of the probability of them choosing “agency
management systems,” which can be calculated by the following:

QC+Q™ —Wen+Wee

v /1/7M,mw (0T —0CP+Ap) z—Q*+Q" —Wen+ Wee
| =
¢ o Jo Lec

dzdy

_ (19F+39CCP+AP) (ch+Qm*ch+ch) : (1 1)
2o (9T+OCP+A,)’

Vo = 1-Vg (12)

Inference III: The probability of domestic enterprises choosing

“employee management systems” is positively related to

Frontiersin Public Health

governmental departments’ subsidies to domestic enterprises
with employee management systems, rewards from domestic
enterprises given to clients, and punishments for the irregular
behavior of domestic enterprises with employee management
systems and is negatively related to cost differences of domestic
enterprises choosing “employee management systems” and
“agency management systems,” profit differences between “agency
management systems” and “employee management systems,” and
governmental departments’ punishments for the irregular behavior
of domestic enterprises with employee management systems.

o Ve Ve Ve Ve

Proof: Since 3¢ > 0, 5 0, A, 0 g3q. < O

aaAV% <0, and adevc%’ < 0, when 91, L, and A, increase, the
c

volume of V;; increases. At this time, the probability of domestic
enterprises choosing “employee management systems” increases,
and when AQ., AW, and 6C? decrease, the volume of V4
decreases, and the probability of domestic enterprises choosing
“employee management systems” decreases.

From Inference III, it is shown that the implementation
of punishments for the irregular behavior of domestic
enterprises with employee management systems by governmental
departments will help domestic enterprises implement more
standardized

employee Moreover,

punishments for the irregular behavior of domestic enterprises

management  systems.
with employee management systems should be less than
their subsidies, which is conducive to the expansion of
the market share of domestic enterprises with employee
management systems.

Inference IV: The probability of domestic enterprises choosing
“employee management systems” is positively related to the
probability of governmental departments choosing “strict
supervision” and is negatively related to the probability of clients

choosing “to purchase.”

Proof: When x < x* orz >

LaxtQUoQT e Wo—Wee 2P0) | _
OT—0CP+A, >y o 4

and F(y) > 0; at this time, y = 1 is the evolutionary stable
strategy. Therefore, as x decreases or z increases, the stable strategy
of domestic enterprises increases fromy =0toy = 1.
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From Inference 1V, it is shown that clients tend not to choose
to purchase services from domestic enterprises and that domestic
enterprises set up incentives and provide better after-sales services
to attract clients. If governmental departments subsidize domestic
enterprises with employee management systems and implement
punishments to domestic enterprises with employee management
systems for their irregular behavior, then domestic enterprises are
more inclined to implement “employee management systems.”

5.3. Stability analysis of governmental
departments’ strategic choices

The
choose “strict supervision” and “loose supervision” are 7y and

expected profits when governmental departments
g2, Tespectively:

71 =NE (x—1) —pWx+ (0CP—9T —Ap) y+D+BS+A,

Tgy=N8 (x—1) —B¢ (13)

The average expected profit is 7,

g = z[N8 (x—1) —pWx+ (0CP =0T —Ap) y+D+B5+A, |
+ (1-2) [N® (x—1) —B¥] (14)

From Equations (13) and (14), the replicator dynamic equation
of governmental departments can be written as follows:

dz .
Gz (1 —75)

2(1=2) [BI=B+ gD — pWs— (9T — 6CP+Ay) y]
(15)

F(z) =

To make governmental departments choose the strategy of
“strict supervision” in a stable situation, they must satisfy F (z) =
0 and % < 0. According to Equation (9), the partial derivative
of F (z) is as follows:

oF (z
%: (1-22) [ BB+ A+ D — pWx— (9T = 6CT+Ay) ]
(16)
l_ _

(a) When y = %WC = y* forany z, F(z) =
0. At this time, any governmental departments’ strategy is a
stable strategy.

(b) If y # y*, then set F(z) = 0 to obtain two stable
points, z = 0 and z = 1. When y > y*, dF(Z)|Z o < 0
and aF(Z)| L > 0, then z = 0 is the evolutionary stable point;

that is, when the proportion of domestic enterprises choosing
“employee management systems” is larger than a certain degree,
“loose supervision” is the optimal strategy for governmental
aF(z)|z | < 0,and dF(Z)|Z o > 0, then

z = 1is the evolutionary stable point; that is, when the proportion

departments. When y < y*,

of domestic enterprises choosing “employee management systems”
is less than a certain degree, “strict supervision” is the optimal
strategy for governmental departments. The related phase diagram
is shown in Figure 4.
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Figure 4 shows the volume Vg of the probability that

governmental departments choose to implement “strict

supervision” and the volume Vg, of the probability of choosing
to implement “loose supervision,” which can be calculated by the

following:
BS'-B8 4 Ap+D | mer
_— / / W BB+ AptD — x|
gl = xdz
O —O0CP+A,
—BS"+A
= o (17)
2<ptp(0r —0CP+A,)

Vg = 1=V (18)

Inference V: The probability of governmental departments
choosing “strict supervision” is positively related to the positive
reputation obtained during strict supervision, punishments for
the irregular behavior of domestic enterprises with employee
management systems and punishments for the irregular behavior
of domestic enterprises with employee management systems and is
negatively related to cost differences between the strict and loose
supervision of governmental departments and subsidies to clients

and domestic enterprises with employee management systems.
IV Ve IV WV Ve

Proof: Since 8D>O’W>O’W>O’W<O’W<O’
av, .
and - 0‘33 < 0, when D, Ay, and C? increase, the volume of

Vg1 increases, and the probability of governmental departments
choosing “strict supervision” increases. When ABy, ¥, and 0 I
decrease, the volume of Vg decreases, and the probability of
governmental departments choosing “strict supervision” decreases.
From Inference V, it can be seen that when governmental
departments set higher punishments for the irregular behaviors of
domestic enterprises or set lower subsidies for domestic enterprises
and clients, it is more likely to prompt governmental departments
to choose “strict supervision.” The higher the amounts of subsidies
issued are, the more likely governmental departments are to choose
“loose supervision.”
Inference VI: The probability of governmental departments
choosing “strict supervision” is negatively related to the probability
of clients choosing “to purchase” and is also negatively related
to the probability of domestic enterprises choosing “employee

management systems’.

BY'—BY+Ap+D— (91— GCLPJrA[,)y
¥

< 0,and F (z) > 0; at this time, z = 1 is the evolutionary

Proof: When y < y" or x <
9F(2)

|
stablezstiategy. Therefore, as x or y decreases, the stable strategy of
governmental departments increases fromz = 0toz = 1.

From Inference VI, it can be seen that if the probability
of clients choosing “to purchase” from domestic enterprises
or the probability of domestic enterprises choosing “employee
management systems” is low, then it indicates that the market
lacks benign development conditions, governmental departments
are more needed to guide consumption at this time, and the profits
are greater both in terms of reputation gain and punishments
for the irregular behavior of domestic enterprises. Conversely,
when the degree of formalization of the domestic service market
is relatively high, governmental departments are more likely to

choose “loose supervision”.
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FIGURE 4

Phase diagram of governmental departments’ strategy.

5.4. Strategic stability analysis of the
co-evolution of clients, domestic
enterprises and governmental departments

According to Equations (3), (9) and (15), the replicator
dynamic system is as follows:

F(x)=x(1—x) ((plI/Z+Lecy7 Veb+V"’+Rgb7Ren)
F(y)=y(1—y) [(#T = 0CP+Ap) z—Lecx—Q*+Q" —We+We|  (19)
F(@) =z (1-2) [BI =B +Ap+D — pWx— (3T = 6CP+A,) y

Equation (19) should be solved to obtain the equilibrium point
of the systematic evolutionary game:

E1(0,0,0), E»(0,1,0), E3(0,0, 1), E4(1,0,0), E5(1,0, 1), Eg(1,1,0),
B —B¥ + Ap+D
0T —0C? + A, -~
Q° = Q" — Wee + Wen ). Eno Q" — Q¥ = W + ch,
OT —0CP + A, Lec
Veb —ven _ Ry, +Ren’0) EH(Bg’ — B+ Ap+D o
Lec ’ oY ’
veb _yen _ R, + Ren Elz(Bgl —BY 4+ Ap+D -9 +6CP — A,
¥ ' ¥ ’
. Ve — yer _ Ry + Ry — La)
, v ,
Q" — Q% — Wep + Wee — 9T +0CF — A,
Lec ’
Vel — Ve _ Ry + Rep — oW 1), Eull B8 —B& + Ap+D— oW
Lec T ’ UL —0CP + A,
Q€ — Q" — Wee + Wep + Lec
O — 0CP + A,

E7(0,1,1), Eg(1,1,1), Eg(0,

>

Ep3(

>

)- (20)

In an asymmetric multigroup evolutionary game, the stability
of its equilibrium point is a strict Nash equilibrium (43), which
is a pure strategy equilibrium. Therefore, in Equation (19), there
are only 8 equilibrium points (E; to Eg) in the dedomain R =

Frontiers in Public Health

{(,19,2)]0 < x < 1,0 <y < 1,0 <z < 1}. Only E; to Eg
are studied in this paper. The local stability analysis of the Jacobian
matrix of the replicator dynamic system can obtain the stability of
the equilibrium point of the evolutionary system (44). According to
Equation (19), the Jacobian matrix (J) of the system is as follows:

dF(x) 9F(x) 9JF(x)
s M?x aFa}, 31?2
J=\JasJs Js | = % T()') % @1)
J7 Js Jo IF(z) F(2) 0F(z)

ax dy daz

The eigenvalues of each equilibrium point can be obtained
from the Jacobian matrix of the system. According to Lyapunov’s
indirect method (45), if the eigenvalues are positive or negative,
then the equilibrium point is a saddle point; if the eigenvalues
are all positive, then the equilibrium point is an unstable point;
and if the eigenvalues are all negative, then the equilibrium point
is an asymptotic stable point. This strategic combination is an
evolutionary stable strategy. Accordingly, stability analysis can be
carried out for each equilibrium point. Due to space limitations,
the case in which 4 is a positive number is not shown in Table 3.

E¢ and Eg are the ideal combination of strategies for the
regularization of the domestic service industry, and only these two
situations are analyzed below.

Inference VII: When governmental departments choose “loose
supervision,” (1, 1, 0) is the combination of evolutionary
stable strategy.

Proof: When L. + Q° — Q" + W, — W < 0and B¢ — B¢ +
D — oW — 9T + 6C?P < 0, Eg is the evolutionarily stable strategy.

From Inference VII, it can be shown that this situation
exists in the stage of high marketization of the domestic service
industry. Even when subsidy intensity is low, clients still tend
to choose to purchase services from domestic enterprises with
employee management systems, and domestic enterprises are more
inclined to implement “employee management systems”. Since the
marketization of domestic services is the general trend of industry
development, this situation is ideal for the formalization of the
domestic service industry.
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TABLE 3 Local stability analysis for equilibrium point.

10.3389/fpubh.2023.1111208

Equilibrium points A Characteristic equations Symbols
E;(0,0,0) A Ve — V¢ 4 Ry — Ry Uncertain
A Q" — Q% — Wiy + Wee Uncertain
A3 B — B Ap+D Uncertain
E4(1,0,0) M Ve — Ve — Ry + Ry Uncertain
A Q" — Q%€ — Wy + Wee — Lec Uncertain
A3 BY — BY" + AP + D — ¥ Uncertain
Ee(1,1,0) h Ve — Ve — Ry + Ry — Lec -
Az Lo +Q° — Q" + We, — W Uncertain
A3 BY —BS 4D — W — 0T Uncertain
Eg(1,1,1) A Ve — Ve — Ry + Ry — W -
o OCP — Ap + Loc + Q¢ — Q™ -
A3 O + oW — D — B8 4 BS" Uncertain

Inference VIII: When governmental departments choose “strict
supervision,” (1, 1, 1) is the combination of evolutionary
stable strategy.

Proof: When I' + oW — D — B8 4+ B¥ — 9CP < 0, Eg is the
evolutionarily stable strategy.

From Inference VIII, it is shown that if governmental
departments’ subsidies are relatively high for domestic enterprises
and clients and the profits of “strict supervision” by governmental
departments are also relatively high, then governmental
departments tend to guide the formalization of the domestic
service industry through policies. At this time, domestic enterprises
choose to implement “employee management systems” due to the
increase in profits, and clients tend to choose to purchase services
from domestic enterprises due to the increase in profits. Therefore,
this situation is also the ideal situation for the formalization of the
domestic service industry.

The validity tests of the system evolution stability of E¢ and
Eg are shown in Figure 5, the results of which show that they can
both converge to the stable situation. In the next section, we explore
these two situations through systematic simulation analysis.

6. Simulation results

In this paper, we use Statal7 for descriptive statistics of the
data and use MATLAB R2021b to simulate the dynamic evolution
process of the system.

From the survey data, the distribution of types of domestic
enterprises is as follows: the employee management system
accounts for 1.10%, the quasi-employee management system
accounts for 13.10%, the agency management system accounts
for 56.41%, and the self-employed (without domestic enterprises)
account for 29.39%. The proportion of clients who choose to
purchase domestic services through domestic enterprises is 60.28%.
Therefore, the initial ideal strategy values of x, y , and z are set to
0.6, 0.1, and 0.5, respectively, in this paper.

According to the research assumptions and survey data, we set
two sets of parameter values to carry out the system simulation
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analysis for E¢ and Eg. The initial values of System L (Eg) are set as
follows: BS = 300,B8 =50, [ =130, 9 =1, ¥ =50, ¢ =1,
Lec = 32, Rey = 80, Ry = 60, V" =50, V¢ =60, A, =
70, W = 200, W, = 126, Q" = 60, Q€ = 100, D =
400, 6 = 1, and C* = 80. The initial values of System P (Eg)
are set as follows: BS" = 320, ' = 141, ¥ = 60, C? =
50, and W, = 100. The remaining values are set the same as those
of System L.

6.1. Impact on changes in the proportion of
the initial ideal strategy for three actors

Under the condition that the ideal strategy of the other two
actors has a constant value of 0.3, the ideal strategy ratio of a
certain actor is set to 0.1, 0.3, and 0.6, the 100 simulation results
of replicator dynamic equations of System L and P in time t are
shown in Figures 6-8.

Figure 6 shows that the increase in the initial proportion of
clients’ ideal strategy in the two systems has a significant positive
impact on the system evolution process; that is, the higher the
initial proportion of clients’ ideal strategy is, the faster the system
converges to an asymptotic stable point.

Figure 7 shows that the increase in the initial proportion
of the ideal strategy of domestic enterprises in the two
systems positively impacts the system evolution process. Relatively
speaking, the change in y has a greater impact on System
P than on System L. The tendency of domestic enterprises
to implement employee management systems has an obvious
positive effect on the formalization of the domestic service
industry; in particular, governmental departments should focus on
increasing the market share of domestic enterprises with employee
management systems when they want to adopt loose supervision
strategies.

Figure 8 shows that the initial proportion of strict supervision
implemented by governmental departments in the two
systems has different effects on the system evolution process.
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FIGURE 6
Impact of clients’ strategies in system L (A) and system P (B).

In System L, the change in z has no significant effect on
the system converging to an asymptotically stable point. In
System P, however, the increase in z slows down the rate at
which the system converges to an asymptotic stable point,
which shows that the proportion of those governmental
departments implementing supervision should be
appropriately reduced if domestic enterprises with employee
management systems have a certain market share and if

strict
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governmental departments implement subsidy policy as a
periodic strategy.

Figures 6-8 show that in the two systems, compared with
other actors in the game, the initial proportional change in
clients’ ideal strategy has the greatest impact on the convergence
to an asymptotic stable point. This means that governmental
departments’ subsidies for clients are effective to speed up the

system evolutionary rate.

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1111208
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Ren et al.

10.3389/fpubh.2023.1111208

S

——

—_———— —-——/

FIGURE 7

Impact of domestic enterprises’ strategies in system L (A) and system P (B).

FIGURE 8

Impact of governmental departments’ strategies in system L (A) and system P (B).

6.2. Impact of governmental departments
on subsidy intensity for domestic
enterprises and clients

Under the condition that other parameters remain unchanged,
assigning ¥ as 1, 1.15, and 1.3, the 100 simulation results of
replicator dynamic equations in System L and P in time tare shown
in Figure 9.

Figure 9 shows that for System L, the increase in the subsidy
intensity of governmental departments for domestic enterprises
with employee management systems slows down the rate of its
evolution to an asymptotic stable point, while for System P, it speeds
up the evolutionary rate. Additionally, the increase in y has a greater
impact on System P than on System L. Combining Inferences V
and VI, it can be seen that the increase in the total cost of “strict
supervision” by governmental departments reduces the probability
of governmental departments adopting this strategy, thereby

Frontiers in Public Health

reducing the probability of employers purchasing services through
domestic enterprises. Therefore, when governmental departments
implement “strict supervision” as a long-term strategy, subsidies
for domestic enterprises should be properly controlled. When
the implementation of “strict supervision” is a periodic strategy
for governmental departments, subsidies for domestic enterprises
should be increased as appropriate to promote the formalization of
the domestic service industry.

Under the condition that other parameters remain unchanged,
assigning ¢ as 1, 1.5, and 2, the 100 simulation results of replicator
dynamic equations in Systems L and P in time t are shown in
Figure 10.

Figure 10 shows that the increase in subsidy intensity for clients
in the two systems has a positive impact on the process of system
evolution. Combining Inferences I and VI, it can be seen that the
increase in the subsidy intensity for clients can effectively increase
their purchase probability, thereby speeding up the rate at which
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Impact on subsidy intensity for domestic enterprises in system L (A) and system P (B).
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FIGURE 10
Impact on subsidy intensity for clients in system L (A) and system P (B).

the system converges to an asymptotically stable point, meaning
that regardless of whether governmental departments take subsidy
policy as a long-term or periodic strategy, they should attach
importance to subsidies for clients. In addition, Figures 9, 10 show
that there are different degrees of marginal diminishing effects on
the increase in the amount of subsidies for domestic enterprises and
clients.

6.3. Impact of governmental departments
on punishment intensity for domestic
enterprises

Under the condition that other parameters remain unchanged,
assigning 0 as 0.5, 1, and 1.5, the 100 simulation results of replicator
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dynamic equations in System L and System P in time ¢ are shown
in Figure 11.

Figure 11 shows that there are differences in the impact of
increasing the punishment intensity on irregular behavior for
domestic enterprises with employee management systems in terms
of convergence to an asymptotic stable point in different systems,
and System L is more sensitive to such changes than System P
is. In the process of converging to the asymptotic stable point of
System L, the positive effect of increasing punishment intensity
increases first and then decreases, while in System P, it shows a
decreasing trend. Combining Inferences I and III, it can be seen that
increasing the punishment intensity for the irregular behavior of
domestic enterprises with employee management systems reduces
their market share, thereby reducing the probability of clients’
ideal strategy and extending the evolutionary path of the system.
Moreover, compared with the situation in which governmental
departments set up exit mechanisms with supervision and
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FIGURE 11
Impact on punishment intensity in system L (A) and system P (B).

0.4

subsidies, when strict supervision is implemented by governmental
departments as a long-term strategy, changes in punishment
intensity for domestic enterprises have a more significant impact
on the evolutionary path of the system.

7. Conclusions and contributions

By constructing a tripartite evolutionary game model of clients,
domestic enterprises and governmental departments, this study
conducts a theoretical analysis of the key factors that affect
the choices and co-evolutionary strategies of actors and their
mechanisms and uses the field survey data of domestic workers in
four cities to assign values to the evolutionary game models for
simulation analysis, and strive to reveal the mechanisms for the
upgrading of the domestic service industry and the optimization of
the business structure in China. The formalization of the domestic
service industry is beneficial to improve the quality of elderly
care, further promote the positive work experience of domestic
workers engaged in home-based elderly care, provide market-
oriented and standardized industrial support to the elderly care
model with a high proportion of home-based elderly care, and
establish a compensatory social network to support this elderly
care model, which rescue the urgent dilemma of Chinese elderly
care significantly.

7.1. Conclusions

The main conclusions of this study are presented below.

First, the initial ideal strategy ratios and differences between the
profits and costs of each actor, subsidies to clients, and subsidies and
punishments for the irregular behavior of domestic enterprises are
the key factors that cause the system to converge to a gradual stable
point, reflecting the formalization of the domestic service industry.
The lower the initial proportion of the ideal strategy of clients
and/or domestic enterprises is, the higher the probability that
governmental departments choose to implement strict supervision.
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In addition, the punishment of irregular behavior for domestic
enterprises with employee management systems by governmental
departments should be less than the setting of its subsidies, which
is more conducive to the realization of the formalization of the
domestic service industry.

Second, policy planning can be divided into long-term or
periodic planning, and the effect of certain key factors on the
evolution of the system is different in different situations. Thus, the
priorities of policies under different programs should be different.
When governmental departments regard the implementation of
subsidies and supervision as a long-term strategic plan, they
should appropriately control subsidies to domestic enterprises. The
rising costs of governmental departments reduce the probability
of their choice to implement strict supervision, thereby reducing
the probability of clients purchasing services through domestic
enterprises and delaying the realization of the formalization of
the domestic service industry. When governmental departments
formulate exit mechanisms with subsidies and supervision, it is
more efficient to promote the formalization of the domestic service
industry by focusing on increasing the proportion of domestic
enterprises with employee management systems to a certain market
share and gradually reducing the proportion of those implementing
strict supervision.

Third, the current subsidy policy only focuses on domestic
enterprises, which is, to some extent, inefficient in promoting the
formalization of the domestic service industry, because the initial
proportional change in clients’ ideal strategy has the greatest impact
on the convergence to an asymptotic stable point.

7.2. Policy implications

Based on research conclusions and social reality, this study puts
forward the policy recommendations presented below.

First, the subsidy structure should be continuously optimized.
Initially, the subsidy targets at this moment are mainly domestic
enterprises and domestic workers, and the emphasis on clients
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should be increased. For example, governmental departments
can issue consumer vouchers to households with home-based
elderly care needs to reduce the purchase costs, and attract
clients to purchase domestic services through domestic enterprises
with employee management systems, which it could, formulate
more targeted subsidy plans consequently. Compared with other
kinds of domestic workers, elderly care workers generally have
larger age structures and lower educational levels, and the
advantages of domestic enterprises with employee management
systems in providing social security and skills training may
be difficult to realize. In this regard, it is possible to attract
elderly care workers to choose to be employed through domestic
enterprises with employee management systems by purchasing
domestic accidental insurance for them. Specifically, governmental
departments could expand the scope of services for the elderly
by encouraging domestic enterprises with employee management
systems to open community restaurants and cooperate with elderly
care institutions.

Second, relevant governmental departments at all levels should
adapt to local and time-sensitive conditions in the process of policy
refinement and implementation. For example, domestic enterprises
with employee management systems have a management model
with high costs and profits. In regions with a low degree of the
formalization of the domestic service market, domestic enterprises
whose main business is elderly care services can be subsidized
preferentially to encourage the development of a few typical
enterprises, and there is no need to be vigorously promoted in the
short term. As in small cities, with typical acquaintance society
characteristics, households in need of elderly care services and
elderly care workers are both more inclined to be introduced by
familiar people to establish market relationship. In such cases, it
is more difficult to popularize domestic enterprises with employee
management systems. In some developed regions, policies can be
more focused on exploring how to subsidize households in the
need of elderly care services, accordingly with establishing policy
supervision as well as evaluation mechanisms, with a principle
cause that the larger the urban population, the faster the population
mobility, and the stronger the population heterogeneity. In such a
situation, it is easier to implement employee management systems
which need higher professional standards.

Third, governmental departments should pay a great deal of
attention to measures that can improve the quality of elderly care
services. On the one hand, it is possible to develop domestic
training materials and courses that are suitable for the current
situation of home-based elderly care in Chinese society by
cooperating with excellent domestic enterprises and universities to
improve the professional skills and quality of elderly care workers.
On the other hand, the elderly care service demand side can be
included to establish long-term evaluation mechanisms to improve
subsidy policy.

Fourth,
organizations to implement evaluation and supervision programs.

executive branches cooperate with market
For example, it is possible for authorities in the field of domestic
services to cooperate with relevant units, such as big data resource
administrations, to establish domestic platforms that require real-

name authentication. The content of the platforms should include
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the integrity management records of domestic enterprises, details
of subsidy implementation, personal certification of domestic
workers and clients, service evaluations, etc.

7.3. Limitations

This study also has certain limitations. First, the construction
and analysis of evolutionary game models are based on relevant
assumptions. Social phenomena are complex, and some important
factors are abstract and difficult to represent numerically. The
processing of these factors affects the process of system evolution
to stable points. Although this study makes assumptions based on
theory and reference to the previous literature in the process of
constructing evolutionary game models, it cannot be guaranteed
to be sufficiently perfect. Second, since it takes a certain period of
time from the setting of subsidy policy to their implementation,
the current subsidy policy has been implemented for a relatively
short period of time, and there is still a lack of data on the
financial expenditures of relevant governmental departments for
verification purposes.
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Background: In the context of aging and digitalization, the development and
application of digital health can help meet the growing health needs of older
adults. Improving digital health literacy of older adults may be an effective way to
alleviate the shortage of public health resources and improve their health-related
quality of life (HRQoL). However, the impact of digital health literacy on HRQoL
in older adults and the underlying mechanism remain unclear. This study intends
to explore whether digital health literacy has an effect on HRQoL in community-
dwelling older adults, and whether health-promoting lifestyle plays a mediating
role between digital health literacy and HRQoL, while providing a theoretical basis
for the scientific construction of HRQoL intervention programs for older adults.

Methods: The cross-sectional study was conducted in Chongging, China from
September 2020 to April 2021. 572 community-dwelling older adults were
surveyed by stratified sampling. Data on sociodemographic characteristics, digital
health literacy, health-promoting lifestyle and HRQoL were collected. Univariate
analysis was used to compare the differences in HRQoL among community-
dwelling older adults with different sociodemographic characteristics. Pearson
correlation analysis was used to explore the correlation between digital health
literacy, health-promoting lifestyle and HRQoL. SPSS PROCESS macro was used
to examine the mediating effect of health-promoting lifestyle between digital
health literacy and HRQoL.

Results: The mean score of HRQoL was 97.97 (SD 11.45). Univariate analysis
showed that there were statistically significant differences in HRQoL among
community-dwelling older adults with different gender, age, educational level,
marital status, and monthly household income per capita (p<0.05). There were
positive correlations between digital health literacy, health-promoting lifestyle
and HRQol, with correlation coefficients ranging from 0.416 to 0.706 (p<0.001).
Digital health literacy was positively associated with HRQoL ($=0.210, p<0.001),
and health-promoting lifestyle mediated the relationship between digital health
literacy and HRQoL, with an indirect effect of 0.175 (95% Bootstrap Cl 0.135-
0.214).

Conclusion: Digital health literacy can affect HRQoL through the mediating
effect of health-promoting lifestyle. It is suggested that relevant management
institutions, communities and families should strengthen the cultivation of the
digital health literacy of older adults, promote their development of health-
promoting lifestyle, and ultimately improve HRQoL.
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1. Introduction

Global aging is progressing at an unprecedented rate and will
further accelerate in the coming decades (1), directly resulting in a
significant increase in the demand for public health services and medical
expenditures (2). Properly solving the problem of population aging and
improving the health-related quality of life (HRQoL) of older adults have
become important issues of global concern. HRQoL is a key component
of healthy aging (3), and refers to an individual’s subjective feelings and
overall satisfaction with respect to their physical function, mental state,
and social abilities (4, 5). The results of systematic reviews confirmed
that HRQoL of older adults is closely related to sociodemographic
factors, social well-being, health status and health behaviors (6, 7).
Among them, factors such as sociodemographic characteristics and
chronic disease conditions are difficult to change. In order to effectively
improve HRQoL of older adults, it is necessary for health professionals
to seek modifiable factors as new targets to implement interventions.

The rapid advances in information and communications
technology (ICT) contribute to the increasing innovation, and
upgrading of health service mode and the emergence of digital health
offers a new idea for improving the HRQoL of older adults. Especially
during the COVID-19 pandemic, the vulnerable older adults are
advised to stay at home and try to avoid unnecessary trips by the
public health authority (8). Most of the supply to meet their needs for
health services has to shift to online (9). Digital health enables
low-cost, high-quality and prompt health care services for senior
citizens and plays an important role in maintaining their physical and
mental health (10). Digital health literacy, also known as electronic
health literacy or eHealth literacy, reflects the ability to make use of
the digital health services effectively, which is defined as an
individual’s ability to search, understand and evaluate the health
information on digital media, actively engage in the exchange and
interactions of health information, and use the acquired information
for health management and health problem-solving (11, 12). An
increasing body of evidence suggests that the digital health literacy-
related interventions can significantly improve the health of older
adults and promote healthy aging (10, 13). However, there is limited
empirical research exploring the relationship between digital health
literacy and HRQoL, merely with inconsistent conclusions. According
to the longitudinal and cross-sectional studies of Iranian older adults,
digital health literacy and HRQoL were significantly correlated (14,
15). However, the survey on American older adults showed no
significant correlation between digital health literacy and HRQoL
(16). The latest systematic review also underlined that the impact of
digital health literacy on the HRQoL of older adults is unclear and
there is still a lack of study into the underlying mechanism of
effect (17).

The Integrative Model of eHealth Use (IMeHU) suggests that
people with better digital health literacy have higher motivation and
ability to use the Internet to obtain health information, more active
online health behaviors, easier to master more health knowledge and
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form positive health beliefs and health behaviors (18). The results of
the systematic review also proved that the use of digital health tools
can stimulate positive health behaviors in older adults and promote
the development of health-promoting lifestyle (19), suggesting that
health-promoting lifestyle may be a potential mediating factor.
Health-promoting lifestyle refers to actions that individuals take the
initiative to pursue, which could benefit their health, including
health responsibility, nutrition, physical activity, interpersonal
relations, stress management, and spiritual growth (20). A previous
study on Chinese college students found that health-promoting
lifestyle played an important mediating role between health literacy
and HRQoL (21). Digital health literacy is an extension of health
literacy in the field of digital health (22). The mediating effect of
health-promoting lifestyle between digital health literacy and
HRQoL in older adults may also be established, but it remains to
be confirmed by empirical research.

As the country with the largest older adults population in the
world (23), China has 191 million people over the age of 65 (24),
where the aging situation is extremely severe. In the last decade,
Chinese government has been committed to actively promoting the
adoption of ICT into the healthcare domain (25, 26), as well as
strengthening the smart senior care industry (27). Taking Chinese
community-dwelling older adults as an example, the current study
discusses the effective ways to improve HRQoL of older adults from
the unique perspective of digital health literacy, which can provide
new ideas and methods for developing health promotion programs
to enhance HRQoL in the future. Therefore, the objective of this study
was to explore the relationship between digital health literacy and
HRQoL of older adults and factors that mediate the association, and
we developed the following priori hypotheses (Figure 1): (1) Digital
health literacy will be positively correlated with HRQoL; (2) Health-
promoting lifestyle will mediate the relationship between digital
health literacy and HRQoL.

Digital health Path ¢ HRQoL
literacy
Health-promoting
lifestyle
Path a Path b
Digital health HRQoL
literacy Path ¢’
FIGURE 1
The hypothesised model.

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1200722
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Liu et al.

2. Methods
2.1. Participants

This cross-sectional study was carried out in the main urban
areas of Chongging, China from September 2020 to April 2021. The
sample size was estimated using the formula for epidemiology

study in estimating the mean of continuous outcome:

2
_ Z1—g/2 X0 . .
n= 5 (28). According to a previous study, the

standard deviation of HRQoL in Chinese older adults was 18.29
(29). Thus, we set ¢ as 18.29 in this study. Using a=0.05,
Z, 42=1.96,85=2.00, the calculated sample size was 321. Multistage
stratified sampling method was used for sample selection. Firstly,
according to the statistics of Chongqing Statistics Bureau in 2019
(30), we categorized 9 administrative districts in main urban areas
of Chongqing into three levels according to gross domestic product
(GDP) per capita, and 1 administrative district was randomly
selected from each category. Then 2 ~ 5 communities were selected
from each of the selected administrative districts, and a total of 10
communities were used as sample sites for the study. Lastly, older
adults who met the inclusion criteria were recruited from the
selected communities for a questionnaire survey. The inclusion
criteria were permanent residents in main urban areas of
Chonggqing and aged 65 years or older. The exclusion criteria were
mental illness diagnosis, a definite diagnosis of severe physical
illness, and declining to participate.

Research group members with standardized training served as
investigators, explaining the purpose of the research to participants,
and distributing paper questionnaires after obtaining written and oral
informed consent. Questionnaires were filled out by participants
themselves. Those who had difficulty in filling in the forms themselves
were assisted by an investigator to read the questions one by one and
record their answers. Once each participant completed the
questionnaire, the investigators immediately checked on-site and asked
the participant to complete the questionnaire if there were any
omissions. In the end, A total of 600 questionnaires were distributed
and 572 valid questionnaires were obtained, with an effective recovery
rate of 95.33%. Our research was ethically approved by the Ethics
Committee of Army Medical University/Third Military Medical
University (approval number 2020-012-02). And survey administration
was conducted according to the Declaration of Helsinki.

2.2. Measures

The questionnaire contained questions regarding sociodemographic
characteristics, digital health literacy, health-promoting lifestyle,
and HRQoL.

2.2.1. Assessment of sociodemographic
characteristics

A self-designed sociodemographic information questionnaire
was used to collect data on participants’ gender, age (65-69,
70-74, 75-79 and > 80 years), education level (primary school or
below, junior high school, senior high school, college or above),
marital status (with spouse or without spouse), and monthly

Frontiers in Public Health

10.3389/fpubh.2023.1200722

household income per capital (<1,000, 1,000-2,999, 3,000-4,999,
>5,000).

2.2.2. Digital health literacy assessment scale for
community-dwelling older adults (DHLAS)

Digital Health Literacy Assessment Scale for community-dwelling
older adults was developed by our research group in the previous
research (see Supplementary material for complete scale) (31). It was
the first original digital health literacy assessment tool targeted for
Chinese older adults, based on the digital health background and
digital devices usage characteristics of older adults in China, and
proven to be with good internal consistency (0.941), spilt-half
reliability (0.889), test-retest reliability (0.941), content validity
(0.967), criterion validity (0.938) and construct validity. The scale
included 3 dimensions of digital health information acquisition and
evaluation ability (9 items), digital health information interaction
ability (3 items), and digital health information application ability (3
items), with a total of 15 items. Answers were based on a 5-point
Likert scale ranging from 1 (“strongly disagree”) to 5 (“strongly
agree”). The total score was 15-75 points. Higher scores indicate a
higher level of digital health literacy. Cronbach’s « coefficient for the
total scale in this study was 0.959.

2.2.3. Health promoting lifestyle profile-Il, revise
(HPLP-1IR)

Health Promoting Lifestyle Profile (HPLP) was developed by
Walker et al. (32) to measure individual health promotion behaviors.
This study employed the Chinese revised version by Cao et al. (33),
with a total of 40 items, including 6 dimensions of physical activity (8
items), health responsibility (11 items), stress management (5 items),
nutrition (6 items), interpersonal relations (5 items) and spiritual
growth (5 items). The scale used a 4-point Likert scale ranging from 1
(“never”) to 4 (“always”). The total score was 40-160 points. Higher
scores indicate a healthier lifestyle. The instrument has been validated
for use in Chinese older adults, the reliability of which has been
reported with a Cronbach’s a coefficient 0.82 for total scale (34). In this
study, Cronbach’s « coeflicient was 0.926.

2.2.4. 12-item short form health survey (SF-12)

12-item short form health survey (SF-12), the abbreviated
version of the 36-item short form health survey (SF-36), was
developed by the health Institute of New England Medical Center
to assess HRQoL (35). The scale is consisted of 12 items, including
8 dimensions, namely general health (GH), physical functioning
(PF), role physical (RP), bodily pain (BP), role emotional (RE),
vitality (VT), mental health (MH) and social functioning (SF). The
first four dimensions were combined into the physical component
summary (PCS), while the last four dimensions were combined
into the mental component summary (MCS). PCS and MCS were
scored with a mean of 50 and a SD of 10, ranging from 0 to 100 in
the general population (35, 36), reflecting individual’s physical and
mental health status, respectively. According to the score criteria,
the total score was transformed into standard scores, with higher
score indicating better HRQoL. Chinese version SF-12 has been
verified to have good reliability and validity when applying to the
health status evaluation of Chinese community-dwelling older
adults, with Cronbach’s a coeflicient of 0.910 (37). The Cronbach’s
a coefficient in this study was 0.884.
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2.3. Data analysis

Data was analysed with SPSS 23.0. Continuous variables
conforming to normal distribution (such as digital health literacy,
health-promoting lifestyle, and HRQoL, etc.) were described by means
+ standard deviation (SD), and categorical variables (such as gender,
education level, etc.) were described by N (%). Independent sample t
test and one-way analysis of variance (ANOVA) were used to compare
the differences of HRQoL among community-dwelling older adults
with different sociodemographic characteristics. Pearson correlation
analysis was used to explore the correlation between digital health
literacy, health-promoting lifestyle and HRQoL of older adults.

The hypothesized mediation model (Figure 1) was examined
via the PROCESS macro in SPSS (38), which is widely used to test
the mediating effects in current studies (9, 39). We used the digital
health literacy as the prediction variable, health-promoting
lifestyle as the mediator variable, and HRQoL as the outcome
variable. Meanwhile, sociodemographic factors, including gender,
age, education level, marital status, and monthly household
income per capital, were used as covariates in the analyses to
overcome the potential confounding effects. The coefficient ¢’ was
the direct effect of digital health literacy on HRQoL. Digital health
literacy might also indirectly influence HRQoL through health-
promoting lifestyle, the effects of which were captured by the
produce of coefficients a and b (a xb). Coefficient ¢ was the total
effect of digital health literacy on HRQoL, namely ¢’ +a x b. Point

10.3389/fpubh.2023.1200722

estimates were based on 5,000 bootstrap samples, and 95%
confidence intervals (CI) were constructed. An indirect effect was
considered significant if the CI did not contain zero. All statistical
tests were two-tailed and statistical significance for all analysis was
set at 0.05.

3. Results

3.1. Sociodemographic characteristics and
HRQoL status of samples

This study included 572 community-dwelling older adults with a
mean age of 70.93 (SD 5.51) years, ranging from 65 to 88 years. More
than half of participants only had junior high school education or
below (388/572, 67.83%). Among all participants, the mean score of
HRQoL was 97.97 (SD 11.45), in which the mean score of PCS was
44.70 (SD 9.45), and the MCS was 53.26 (SD 6.81). The results of
univariate analysis indicated that there were statistically significant
differences in HRQoL among older adults with different gender, age,
education level, marital status, and monthly household income per
capita (p<0.05). Female, 70years old and above, without spouse,
primary school education or below, monthly household income per
capita below 1,000 yuan, are the characteristics older adults with
which have a lower level of HRQoL compared with other groups. For
further details, see Table 1.

TABLE 1 The status of HRQoL by different sociodemographic characteristics (N =572).

Characteristics

Gender 2.232 0.026

Male 273 (47.73%) 99.08 +£11.28

Female 299 (52.27%) 96.95 £ 11.53

Age (years) 10.853 <0.001

65-69* 283 (49.48%) 100.46 + 10.04 a>b,c,d
70-74° 144 (25.17%) 96.44 £ 11.70

75-79¢ 92 (16.08%) 95.81 £ 12.09

>80¢ 53 (9.27%) 92.57 +13.53

Education level 12.214 <0.001

Primary school or below® 202 (35.31%) 94.36 + 12.38 a<b,c,d
Junior high school® 186 (32.52%) 98.84 + 10.56

Senior high school® 114 (19.93%) 101.27 £ 10.75

College and above! 70 (12.24%) 100.68 +9.18

Marital status 2.959 0.003

With spouse 444 (77.62%) 98.80 £ 10.87

Without spouse 128 (22.38%) 95.09 +12.92

Monthly household income per capita (RMB) 12.359 <0.001

<1000* 42 (7.34%) 90.50 £ 11.78 a<b,c,d
1,000-2999° 216 (37.76%) 96.66 + 12.15 b<d
3,000-4999¢ 242 (42.31%) 99.03 £ 10.67 c<d
>5000¢ 72 (12.59%) 102.68 + 8.72

The lowercase letters a,b,c and d represent different groups of the characteristics of different age, education level and monthly household income per capita.
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TABLE 2 Correlations (r) between digital health literacy, health-promoting lifestyle, and HRQoL (N =572).

10.3389/fpubh.2023.1200722

Variables Mean+SD 1 2

1.Digital health literacy 37.10 + 18.65 1 -

2.Health-promoting lifestyle 109.53 + 16.64 0.706%** 1

3.HRQoL 97.97 £ 11.45 0.416%%* 0.5077%%*
##kp <0.001.

TABLE 3 Multivariate linear regression analysis for the association among digital health literacy, health-promoting lifestyle, and HRQoL (N =572).

Model 1 (HRQol)

Model 2 (Health-promoting

Model 3 (HRQol)

Variables lifestyle)
t p value B (SE) t p value B (SE) t p value

Gender —1.613 (0.905) —1.782 0.075 5.411(0.997) 5.428 <0.001 —3.364 (0.869) —3.874 <0.001
Age —0.279 (0.086) —3.259 0.001 0.038 (0.094) 0.401 0.689 —0.291 (0.080) —3.637 <0.001
Education level —0.309 (0.549) —0.563 0.574 1.768 (0.605) 2.926 0.004 —0.882 (0.517) —1.704 0.089
Marital status —0.681 (1.117) —0.610 0.542 —2.464 (1.230) —2.004 0.046 0.117 (1.048) 0.112 0.911
Monthly household income

1.295 (0.669) 1.935 0.054 2.180(0.737) 2.958 0.003 0.589 (0.631) 0.934 0.351
per capita
Digital health literacy 0.210 (0.029) 7.280 <0.001 0.541 (0.032) 17.006 <0.001 0.035 (0.033) 1.061 0.289
Health-promoting lifestyle 0.324 (0.036) 9.057 <0.001
R 0.202 0.542 0.303
F 23.811 (p <0.001) 111.455 (p <0.001) 35.056 (p <0.001)

TABLE 4 Mediation analyses of health-promoting lifestyle in the
association between digital health literacy and HRQolL.

Effect 95% Bootstrap
Bootstrap ClI SE
Total effect (c) 0.210 (0.152, 0.269) 0.030
Direct effect (¢") 0.035 (—0.028, 0.099) 0.032
Indirect effect (axb) 0.175 (0.135,0.214) 0.021

3.2. Correlations between digital health
literacy, health-promoting lifestyle, and
HRQolL

Pearson’s r correlation analysis indicated that digital health literacy
and health-promoting lifestyle were significantly positively associated
with HRQoL (r=0.416, p<0.001; r=0.507, p<0.001). Meanwhile,
digital health literacy was also significantly positively associated with
health-promoting lifestyle (r=0.706, p<0.001) (Table 2). The
significant correlation between the three variables suggested that the
relationship between the variables could be further analysed and
explained by establishing a model for regression analysis.

3.3. Mediation test for health-promoting
lifestyle

Tables 3, 4 and Figure 2 presented the mediation analysis result
based on the PROCESS macro. After controlling sociodemographic
factors, the total effect of digital health literacy on HRQoL was
significant (¢=0.210, p<0.001). Then putting the mediation variable
of health-promoting lifestyle into the model, the direct effect was
statistically non-significant (¢’=0.035, p>0.05). In addition, digital
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health literacy had a significant predictive effect on health-promoting
lifestyle (a=0.541, p<0.001), and the predictive effect of health-
promoting lifestyle on HRQoL was also significant (b=0.324,
p<0.001). We further generated 5,000 bootstrapping samples from the
original dataset by random sampling to assess the size of the indirect
effect. The results indicated that this indirect effect (axb) was 0.175,
with a 95% CI from 0.135 to 0.214. The bootstrap 95% CI did not
conclude zero, revealing that the mediating effect was statistically
significant. Thus, health-promoting lifestyle mediated the association
between digital health literacy and HRQoL, and the model accounted
for 30.3% of the total variance of HRQoL.

4. Discussion

In the context of aging and digitalization, this study taking
Chinese community-dwelling older adults as example, explored and
confirmed the impact of digital health literacy on HRQoL of older
adults and the mediating effect of health-promoting lifestyle in the
relationship. It has important reference value for future theoretical and
practical research on improving HRQoL for older adults.

Our findings revealed a significant difference in the HRQoL
score of older adults by gender, age, education level, marital status,
and monthly household income per capita, which was consistent
with the results of previous studies (40-42). These identified
non-modifiable factors can be used to determine which individuals
are at risk of poor HRQoL, and to identify the vulnerable
population that health professionals need to target. In health
education, we should pay high attention to population who are
female, aged 70 and older, have no partner, only received primary
education or below, with a monthly household income per capita
less than 1,000 yuan and deliver more health interventions to
improve their HRQoL.
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Digital health 0.210"*
1gital hea HRQoL
literacy
Health-promoting
lifestyle
0.541/ \).324***
Digital health
1g1tal hea HRQoL
literacy 0.035
FIGURE 2
Health-promoting lifestyle mediated the association of digital health
literacy and HRQoL. ***p < 0.001

This study found that digital health literacy was positively
correlated with HRQoL of community-dwelling older adults, which
confirmed Hypothesis 1. The possible explanation is that in the
context of the digital health era, higher digital health literacy means
more varied health information resources and more efficient digital
health services. In the daily life, more health information resources
will help older adults change their wrong health awareness and health
lifestyle, to build more positive health behaviors and maintain better
health (43). When seeking health services, the older adults who are
skilled in using digital health services will be able to manage their
health in a more efficient manner and communicate with health
personnels in real time so that they can be provided with more
comprehensive and customized health services to help with disease
treatment and management (44). During the COVID-19 pandemic,
conventional offline diagnosis and treatment are restricted and the
impact of digital health literacy on HRQoL has been further expanded.
The older adults who lack of digital health literacy are unable to make
effective use of online health information platforms, telemedicine
service and other digital health services, thus it becomes extremely
inconvenient for them to get daily health consultations, purchase
drugs and so on (45). At the same time, faced with massive and
complicated information about the pandemic, it is hard to identify the
real information from the wrong one and older adults are highly
susceptible to negative emotions like fear and anxiety which have a
great impact on their health, both physically and mentally (46).
Therefore, older adults as the vulnerable group in the Internet age are
affected far more than other groups in HRQoL because of lacking
digital health literacy. Health professionals should give sufficient
attention to them.

This study also found that health-promoting lifestyle fully
mediated the association between digital health literacy and
HRQoL of community-dwelling older adults, which preliminarily
elucidated the mechanism of association between digital health
literacy and HRQoL, and confirmed Hypothesis 2. The mediating
effect was mainly divided into two stages, namely, (1) digital health
literacy had a positive effect on health-promoting lifestyle, and (2)
health-promoting lifestyle had a positive effect on HRQoL. Both
stages have been confirmed in previous studies as ample literature
support for this study (14, 47-50). Meanwhile, it is worth
emphasizing that this study adopted DHLAS based on the current
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context of the Internet in China and the characteristics of digital
devices usage among older adults to assess digital health literacy,
which is different from former universal scale survey and is a
further expansion of previous research conclusions. The mediating
effect of health-promoting lifestyle between digital health literacy
and HRQoL can be explained by Andersen’s Behavioral Model of
Health Services Use (51). This model emphasizes that individual
characteristics is an antecedent variable influencing health
behaviors and health outcomes. It can either directly affect health
outcomes or indirectly affect health outcomes by influencing health
behaviors (52). Enabling resources in the dimension of individual
characteristics refers to the availability of health service resources
and the ability of individuals to access health services (53). Digital
health literacy can be seen as one of the key competencies. It can
be inferred based on this model that older adults with higher digital
health literacy are more confident in using digital health services
and more active in accessing effective health resources through
digital media, thereby improving their awareness of health
management and adoption of science-based health management
behaviors, developing more positive health-promoting lifestyle that
in return improve HRQoL.

This study has important theoretical and practical implications for
improving HRQoL of community-dwelling older adults. First, this
study evaluates the digital health literacy of older adults with an
original designed tool based on the characteristics of older adults
digital health behaviours to fill the gap in the literature, expounding
the relationship between digital health literacy and HRQoL of older
adults, and enrich the conclusions of previous studies. Second, this
study explores and confirms the important mediating effect of health-
promoting lifestyle between digital health literacy and HRQoL of
older adults with a new perspective. Third, this study may provide new
ideas for the interventions to improve HRQoL for older adults. The
findings suggest that in the future health professionals may intervene
in HRQoL of older adults from the perspectives of digital health
literacy and health-promoting lifestyle. On the one hand, communities
should carry out normalized digital health literacy training. By
building community exchange and mutual assistance platforms
combined with family guidance, the digital health literacy of older
adults can be jointly promoted to help them obtain and apply health
information more efficiently, and promote the transformation of
health behaviors. On the other hand, health professionals should
strengthen daily health education to guide older adults to adopt a
healthy lifestyle such as doing physical exercises and keeping a
balanced diet, so as to enhance HRQoL.

This study has certain limitations. First, our research is cross-
sectional, which makes it impossible to clarify the causal relationship
and direction of effect among digital health literacy, health-promoting
lifestyle and HRQoL. Longitudinal or intervention studies could
be conducted in the future to further confirm the longitudinal
association or causality between them. Second, this study was only
conducted in Chongqing, China. Considering that individual digital
health literacy level and HRQoL status are closely related to local
economic development level, we should pay attention to the
extrapolation of the research results. In future studies, the sample size
should be further expanded and a large-scale cross-regional survey
should be conducted to make the research results more representative.
Third, this study used self-report measures, which may have some
information bias.
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5. Conclusion

This study focuses on the impact of digital health literacy on
HRQoL of community-dwelling older adults and explores the
mediating effect of health-promoting lifestyle in a creative way by
constructing and confirming the mediation model. To some extent,
this enriches the perspectives of digital health literacy study and offers
an updated idea for improving HRQoL of community-dwelling older
adults. Relevant regulatory authorities, communities, and families are
prompted to endeavor to raise the digital health literacy of older
adults, broaden access to health information and build up their ability
to apply it in the future, assist with the development of health-
promoting lifestyle, and help them fully enjoy the convenience of
digital health to improve HRQoL and promote healthy aging.
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Background: Frailty is a dynamic and complex geriatric condition characterized
by multi-domain declines in physiological, gait and cognitive function. This study
examined whether digital health technology can facilitate frailty identification and
improve the efficiency of diagnosis by optimizing analytical and machine learning
approaches using select factors from comprehensive geriatric assessment and
gait characteristics.

Methods: As part of an ongoing study on observational study of Aging,
we prospectively recruited 214 individuals living independently in the community
of Southern China. Clinical information and fragility were assessed using
comprehensive geriatric assessment (CGA). Digital tool box consisted of wearable
sensor-enabled 6-min walk test (6MWT) and five machine learning algorithms
allowing feature selections and frailty classifications.

Results: It was found that a model combining CGA and gait parameters was
successful in predicting frailty. The combination of these features in a machine
learning model performed better than using either CGA or gait parameters
alone, with an area under the curve of 0.93. The performance of the machine
learning models improved by 4.3-11.4% after further feature selection using a
smaller subset of 16 variables. SHapley Additive exPlanation (SHAP) dependence
plot analysis revealed that the most important features for predicting frailty were
large-step walking speed, average step size, age, total step walking distance, and
Mini Mental State Examination score.

Conclusion: This study provides evidence that digital health technology can
be used for predicting frailty and identifying the key gait parameters in targeted
health assessments.

digital health technology, wearable sensor, machine learning, prediction model, frailty,
gait
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Introduction

As the population ages, frailty is becoming a major challenge
for public healthcare. Frailty is a condition that affects many older
people and is characterized by a decline in physical function,
decreased resilience to stressors, and a higher risk of negative
health outcomes such as falls, hospitalization, and death (1).
Patients with frailty commonly show multifaceted clinical
symptoms,  phenotypic  heterogeneity, and fluctuating
manifestations that challenge the comprehensive appraisal of the
condition (2, 3). Undiagnosed frailty is common in older people,
since it typically has no explicit connection to a defined medical
issue; therefore, frailty frequently remains untreated until later
stages. Early detection of the risk of frailty is essential especially in
the early stages, as such identification would facilitate the
implementation of treatments to slow down declines and reduce
adverse outcomes.

Currently, the prediction of frailty is performed using
questionnaires and tests of physical activity, muscle strength or gait.
The most widely used assessment is the fried performance (FP) test
(4), which includes measures of weight loss, exhaustion, low physical
activity, weakness, and slow walking speed. However, the FP test only
evaluates the physical aspects of frailty, while frailty is acknowledged
to be a multifaceted state that includes not only physical dimensions,
but also social, cognitive, and psychological dimensions (5, 6). Gait-
related mobility is a key physical ability that has been linked to frailty
and is often used as a predictor of future health outcomes (7, 8).

During the aging process, the loss of function is intrinsic to all the
physiological systems, including the Central and peripheral nervous
systems, musculo-skeletal system, and cardiopulmonary system. The
most dramatic and significant changes is the decline in limb muscle,
which can lead to changes in gait parameters such as walking speed,
cadence, and stride-length (9, 10). Gait speed, which is a quantifiable
index of ambulatory ability and a major predictor of future health
outcomes (11), is commonly used as an outcome in the research
of frailty.

Advances in technologies associated with wearable devices has
enabled the collection of more precise parameters regarding other
spatial and temporal gait variables in addition to the commonly
observed gait speed. These technologies are valid and practical, and
they provide a promising, cost-effective digital method in
standardizing the data collection and analysis of gait function with
improved efficiency and accessibility both in the clinical setting and
within seniors’ living communities (12-14).

With improved multidisciplinary diagnostic approaches, some
researchers have predicted frailty status based on CGA, but this
approach has several limitations. For example, questions within the
CGA frequently require advanced knowledge and thus might not
accurately reflect the mental status of subjects. Concurrently, with the
evolution of computer science and artificial intelligence, many
researchers would like to predict frailty using ML approaches (Table 1)
(15-23). Previous studies in this regard have commonly utilized easy-
to-access epidemiological datasets or electronic health records to
construct ML algorithms (24); the nature of these databases mean that
these algorithms are potentially limited to the use of a single
dimension. Furthermore, little research has analyzed Asian
populations, which have very different socio-economic profiles as
compared with Western populations (16).
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Therefore, the objectives of this study were to (A) obtain the
relevant gait parameters using wearable sensor and to analyze their
association with deterioration of physical function and evolution into
frailty, and to (B) develop an ML frailty risk prediction model suited
for an Asian population, using a combination of both wearable sensor-
based gait analysis and CGA.

Materials and methods
Study design, participants, and features

In total, we consecutively recruited 214 community-dwelling
volunteers from the course of the anti-aging study, a prospective
cohort study conducted to investigates the association of frailty
with health. All subjects were recruited through advertisements in
two ways. First, recruitment was conducted at four communities
centers in Guangzhou (the capital of the Guangdong Province in
the southeastern region of China). Second, with the assistance of
the District Health Center and GPs clinics, recruitment invitations
was handed out via online announcement to older individuals on
Wechat platforms. Eligibility criteria for participants were: aged
60-95 years, having adequate auditory and visual acuity, and the
ability to ambulate with or without any walking aids or assistance
of others. Exclusion criteria included orthopedic or neurological
complications or other relevant medical conditions that might
restrict walking speed and natural movement. All subjects were
required to complete CGA including but not limited to a
that
medical and medication records,

standardized  questionnaire collected  demographic

information, as well as
multidimensional clinical assessment, including anthropometric
evaluation, emotional evaluation, and neuropsychological
evaluation.

The parameters of CGA included the patients’ demographic data,
including age, gender, education level, marital status, employment
position and measurement data. The clinical measurement data
involved multimorbidity (defined by the coexistence of >2 chronic
conditions), polypharmacy (defined as currently using >5 drugs),
depression disorder (25) (defined by scores >10 on the 9-item Patient
Health Questionnaire, PHQ-9), anxiety disorder (26) (defined by
scores >10 on the 7-item Generalized Anxiety Disorder, GAD-7),
cognitive function (27, 28) (assessed by the Mini-Mental State
Examination, MMSE and the Chinese versions of the Montreal
Cognitive Assessment, MoOCA-BC) and neuropsychiatric function (29,
30) (assessed by the Mild Behavioral Impairment Checklist, [MBI-C]).
A detailed description of how these features were defined is also

provided in Table 2.

Walking test

To obtain an objective and quantitative assessment of gait
parameters, all participants were instructed to complete a 6-min walk
test (6MWT) using a wearable sensor (Ambulosono Sensor System)
(13, 31). The sensor was connected to the iOS Gait Reminder App,
which can issue auditory instructions while continuously recording
step size via an iOS gyroscope and accelerometers, after corrections
for limb length, angular excursion, signal filtering, and drift.
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TABLE 1 Previous researches regarding frailty risk prediction by machine learning.

Reference Number of

Machine learning Data type

Outcome

variables model

Ambagtsheer et al. (15) 70 SVM, DT, and KNN Administrative records SVM (sensitivity of 97.8%, specificity of 89.1%), DT (sensitivity of
63.0%, specificity of 21.4%), and KNN (sensitivity of 63.0%,
specificity of 71.7%)
Aponte-Hao et al. (16) 75 ENLR, SVM, KNN, NB, Administrative records In terms of AUROC, ENLR (0.82), SVM (0.80), KNN (0.66), NB
DT, RE, XGBoost, and (0.74); DT (0.77), RF (0.81), XGBoost (0.83), and ANN (0.78)
ANN
Le Pogam et al. (17) 18 LR, RE and SVM Electronic medical records | In terms of AUROC, best-subsets LR (0.71), RF (0.66), SVM (0.58)
Tarekegn et al. (18) 58 ANN, GP, SVM, RE LR, Administrative records ANN dlassifier generated the optimal prediction results for
and DT mortality: Accuracy within ANN (0.78),SVM (0.79), RF (0.78), LR
(0.78), DT (0.75)
Koo etal. (19) 27 SVM, RE, and GB Electronic medical records | SVM (Precision of 88.9%), RF (Precision of 92.3%), and GB
(Precision of 88.0%)
Williamson et al. (20) 3,761 LR Electronic medical records | Sensitivity of 36.1%, specificity of 62.9%, PPV of 17.3%, and NPV
of 82.1%
Park et al. (21) 16 LR Pendant Sensor data AUROC of 0.80, sensitivity of 72.2%, specificity of 70.0%, and
accuracy of 71.3%
Kraus et al. (22) 9 RE KNN, RF Insole Sensor data In terms of AUROC, RF (0.92), KNN (0.80)
Minici et al. (23) 25 RE NB, LR, SVC, MLPC Wrist Sensor data In terms of AUROC, RF (0.80), NB (0.87), LR (0.73), SVC (0.64),

MLPC (0.71)

SVM, support vector machine; DT, decision tree; KNN, K-nearest neighbors; ENLR, elastic net logistic regression; NB, naive bayes; XGBoost, extreme gradient boosting; LR, logistic

regression; BS-LR, best-subsets logistic regression; RE, random forest; ANN, artificial neural network; MLPC, multilayer perceptron classifier; KFACS, Korean Frailty and Aging Cohort Study.

TABLE 2 Features of cohort characteristics used for machine learning.

Demographics DETERY o)) Clinical measures Data type Walking test Data type
Age Numeric Exhaustion Binary Total step walking distance Numeric
Education level Categorical Sleep quality Binary Average walking speed

Gender Binary Anxiety Binary Total cadence

Marital status/partnerships Categorical Depression Binary Large step distance

Employment position Categorical Cognition test Numeric Large step walking time

Medical history Energy expenditure Binary Large step walking speed

Medical record Binary Anthropometry Large step cadence

Medications/supplements Binary Grip strength Numeric Average step size

Unintentional weight loss Binary Body mass index (BMI) Numeric Average step time

Participant were instructed to walk independently if possible, and
were permitted to use walking aid (e.g., walker or cane) if needed.

Frailty assessment

The outcome measures used to categorize no-frailty and frailty
was assessed utilizing the five components specified in the FP test (4),
including: self-reported unintentional weight loss of 10 pounds or
more within the last year; self-reported exhaustion; slowness stratified
by gender and height; weakness via grip strength test using a hand
dynamometer; and low physical activity based on the short version
Minnesota Leisure Time Activity questionnaire (32). FP scores range
from 0 to 5 points, with higher scores indicating more severe frailty.
Based on the results, individuals with scores of 0 through 2 were
categorized into the no-frailty group, and those with scores of 3 or
more were included in the frailty group. This scale has exhibited high
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validity and has become a gold standard for classifying frailty in older
adults (33).

Machine learning models

In this study, five widely accepted and extensively used supervised
ML models were applied: random forests (RF); decision trees (DT);
naive Bayes; neural network (NN) and stochastic gradient descent (SGD).

DT is a powerful ML algorithm capable of performing
of DT
interpretability, ability to model nonlinear data and ability to handle

classification tasks. Advantages include simplicity,
outliers during training (34), but weaknesses of the simple decision
tree are instability and a risk of over fitting. RE, a popular ensemble
classification method, combines multiple learning algorithms to
achieve better performance. RF models generally outperform those

generated by DT in terms of accuracy. Naive Bayes is a supervised
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probabilistic machine learning algorithm for probabilistic
classification that relies on Bayes’ theorem with an assumption of
strong independence between the input features (35). Neural network
is a mathematical computing model that imitates the construction of
biological neural networks and that is commonly used in classification
tasks with various applications (36).We also attempted to apply SGD
(37), an algorithm for optimization problems arising in high-

dimensional inference tasks.

Experimental setting

An overview of the ML approach used in this study is shown in
Figure 1. After imputation of missing values by multiple interpolation,
the values of input features were standardized to ensure that each
feature had the same influence on the cost function in designing the
ML models. In this study, the data were randomly divided, with 70%
used for training and the remaining 30% used as test data. Within the
70% training set, the data was split into ten random folds for cross
validation to guard against overfitting. The rigorous use of holdout
method with random resampling and stratified k-fold cross-validation
ensured the validity and generalizability of the findings, and helped to
mitigate potential biases in the analysis. We used average values as
they are robust to outlying predictions.

Feature selection

When not all features have significant class discrimination
information, using feature selection methods can help to remove the
irrelevant and redundant features. This method can reduce the

10.3389/fpubh.2023.1169083

computational time and improve classification performance. To
determine the lowest number of demographic features, clinical
features and sensor-derived gait sequence features required to best
identify frailty, optimal feature selection using either the independent
samples t-test or the chi-square test was applied, depending on each
feature’s types. Sixteen of the features showed a significant difference
between the no-frailty and frailty groups, and thus they were used as
independent variables for optimal feature selection.

Performance measures

The performance of the ML models was evaluated using AUC
score, sensitivity, specificity, precision, Fl-score and accuracy.
We aimed to find the simplest model that achieves the highest
accuracy. As the original training data were imbalanced (13.1%
frailty), such data can result in biased estimates of training
performance; hence, with the best performing model chosen by
average AUC score, which can be understood as the probability that a
randomly chosen no-frailty patient will have a score lower than a
randomly chosen frailty patient. SHapley Additive exPlanation
(SHAP) values were used to provide consistent and locally accurate
attribution values for each feature within each prediction model (38).

Statistical analyses

All statistical analyses and calculations were performed using R
software and Python (version 3.9.7; Python Software Foundation).
The categorical variables were expressed as total numbers and
percentages, with the chi-square test used for comparison between

Input features [ Data Modeling ] [ InterpretabilityJ
D hi A
emographics E’E‘;z @:‘/:;’i) Data3 diagnosis Model design
and medical Sample1 1 3 disease fo4
history Sample2 1 0 7 health 0.3 4 87%,
I
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Dataset use trained
Physiological Rows Representing number of Sample model and find
Column Representing fearures important parts
measures ' Model-base
S Interpretation
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~
A',‘
” Gait
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FIGURE 1
Overall data acquisition, feature extraction, feature selection, data classification analysis and machine learning flow for the classification of frailty.
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groups. Normally continuous variables were expressed as x + s, and
the independent samples ¢-test for was used for comparisons between
groups; non-normally continuous variables were expressed as median
and IQR, with a Mann-Whitney U test used for comparisons between
groups. The inspection level «=0.05, and we considered any difference
statistically significant if p < 0.05.

Results
Demographic and clinical characteristics

Table 3 compares the detailed demographic and clinical
characteristics of each group. A total of 214 subjects were included in
the study, among which 28 (13.1%) subjects were classified into the
frailty group. Compared with the no-frailty group, subjects in the
frailty group were of older age (74.3 +8.4 vs. 68.1 £6.1 years) and had
lower BMI (22.2+2.7 vs. 23.5+2.9). Moreover, the frailty group had a
higher proportion of comorbid conditions (74.4% vs. 31.7%),
polypharmacy (35.7% vs. 8.6%) and depression (32.1% vs. 14.0%) with
significant difference. The results also showed that the scores on the
Mini Mental State Examination (MMSE) and the Montreal Cognitive
Assessment from subjects in the frailty group were significantly lower
than those of subjects in the no-frailty group (p <0.01). There were no
significant differences in gender or education between two groups
(Table 3).

10.3389/fpubh.2023.1169083

Characteristics of the gait features in each
study group

Table 4 shows gait parameters in relation to the presence of frailty.
In comparison to subjects in the no-frailty group, those in the frailty
group had slower gait speed (57.3+17.6 vs. 70.1+ 15.2m/min), lower
step walking distance (338.6+96.7 vs. 420.5+91.3m), lower total
cadence (113.5+11.7 vs. 120.4+15.2 step/min), shorter step size
(0.508+0.143 vs. 0.593+0.107m), and higher average step time
(0.533£0.059 vs. 0.502+0.051 s).

Performance of machine learning
approaches

We performed feature selection analyses among the various
feature categories to investigate and identify crucial feature signatures
for our models. The input data used were the gait features based on
the outputs from wearable sensor and the demographic and clinical
features derived from CGA. As illustrated in Table 5, the ML models
achieved up to 63.5% accuracy, 88.2% specificity, 56.5% sensitivity,
98.4% precision and an Fl-score of 65.0% using demographic and
clinical features. When using the gait features, the ML models
achieved up to 65.6% accuracy, 83.8% specificity, 65.3% sensitivity,
97.8% precision and Fl-score of 65.6%. In comparison, the ML
models that employed all features achieved the highest performance,

TABLE 3 Demographics and clinical characteristics of participants stratified by frailty status.

Frailty status

Variable

All (n=214) No-frailty (n=186) Frailty (n=28)
Age, mean (SD) 68.9 (6.7) 68.1(6.1) 74.3 (8.4) <0.001
Female 156 (72.9) 139 (74.7) 17 (60.7) 0.120
Education 0.212
Primary or lower 119 (55.6) 104 (55.9) 15 (53.6)
Completed high school 69 (32.2) 57 (30.6) 12 (42.9)
At least some college 26 (12.1) 25(13.4) 1(3.6)
Marital status 0.782
Married 173 (80.8) 152 (81.7) 21(75.0)
Divorced 32(15.0) 24 (14.5) 5(17.9)
Widowed 9(4.2) 7(3.8) 2(7.1)
Comorbid conditions >2 79 (36.9) 59 (31.7) 20 (71.4) <0.001
Polypharmacy 26 (12.1) 16 (8.6) 10 (35.7) <0.001
BMI, mean (SD) 23.3(2.9) 23.5(2.9) 22.2(2.7) 0.026
Insomnia(PSQI>7) 121 (56.5) 104 (55.9) 17 (60.7) 0.633
Depression (PHQ-9 >10) 9(8.4) 26 (14.0) 9(32.1) 0.015
Anxiety (GAD-7 >10) 15 (7.0) 13 (7.0) 2(7.1) 0.976
MBI-C, mean (SD) 5.1 (3.8) 5.0 (3.8) 5.9 (3.6) 0.208
MMSE, mean (SD) 26.2 (3.0) 26.6 (2.8) 23.7 (3.5) <0.001
MoCA-B, mean (SD) 24.2 (3.4) 24.5(3.2) 22.2(3.6) 0.001

SD, standard deviation; BMI, body mass index; PSQI, Pittsburgh Sleep Quality Index; PHQ-9, Patient Health Questionnaie-9; GAD-7, General Anxiety Disorder Screener-7; MBI-C, Mild
Behavioral Impairment Checklist; MMSE, Mini-mental State Examination; MoCA-B, Chinese versions of the Montreal Cognitive Assessment; Results presented as # (%) unless otherwise
noted. Chi-square tests were used for categorical variables, whereas t-tests were used for continuous variables.

Frontiers in Public Health 77 frontiersin.org


https://doi.org/10.3389/fpubh.2023.1169083
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Fan et al. 10.3389/fpubh.2023.1169083

TABLE 4 Characteristics of the gait sequence features in each study group.

Frailty index status

Nariabie All (n=214) l\ig-:flrglslt)y Frailty (n=28) p-value
Total step walking distance (m) m 409.8 (95.9) 420.5 (91.3) 338.6 (96.7) <0.001
Large step distance (m) m 402.5 (103.4) 413.7 (99.0) 328.6 (103.1) <0.001
Average gait speed (m/min) m/min 68.5 (16.2) 70.1 (15.2) 57.3(17.6) <0.001
Large step walking speed m/min 69.0 (15.7) 70.8 (14.6) 57.4 (17.6) <0.001
Total cadence (step/min) Step/min 119.5 (14.9) 120.4 (15.2) 113.5(11.7) 0.023
Large step cadence Steps/min 117.7 (15.4) 118.9 (15.4) 109.6 (13.1) 0.003
Average step size m 0.582 (0.115) 0.593 (0.107) 0.508 (0.143) <0.001
Average step time s 0.506 (0.053) 0.502 (0.051) 0.533 (0.059) 0.004
Step size variance (Median) n 0.007 [0.003-0.019] 0.006 [0.003-0.019] 0.010 [0.003-0.023] 0.184"
Step time variance (Median) n 0.012 [0.009-0.021] 0.012 [0.008-0.020] 0.018 [0.011-0.036] 0.002"

"Tested using the Mann-Whitney U test.

TABLE 5 Performance summary of ML models for frailty classification using different features set.

Accuracy Specificity Sensitivity Precision Fl-score
Demographic and clinical features
Random forests 60.56 88.21 54.42 98.35 65.01
Decision trees 63.50 71.37 56.53 90.17 64.30
Naive bayes 56.63 61.81 54.25 67.62 53.22
Neural network 52.53 65.23 51.75 84.59 53.82
Stochastic gradient descent 58.75 82.13 55.63 86.42 58.16
Gait sequence features
Random forests 63.22 83.80 54.81 97.84 65.57
Decision trees 63.60 70.81 56.27 91.17 64.57
Naive bayes 60.47 60.06 55.14 76.23 59.64
Neural network 47.49 56.37 47.12 74.54 44.96
Stochastic gradient descent 53.75 78.35 52.77 91.00 58.62
All features
Random forests 69.58 89.46 58.54 96.95 68.80
Decision trees 71.11 78.28 60.86 92.35 68.68
Naive bayes 67.98 66.74 61.30 75.38 63.06
Neural network 67.90 75.60 58.73 89.75 66.80
Stochastic gradient descent 58.42 7822 53.30 92.54 62.69
Selected features
Random forests 66.58 95.69 57.38 98.76 67.74
Decision trees 68.74 80.14 59.45 93.10 67.88
Naive bayes 65.35 73.88 57.31 86.33 64.29
Neural network 51.46 61.74 50.51 77.42 48.27
Stochastic gradient descent 59.00 78.71 55.70 89.50 61.43

with up to 71.1% accuracy, 89.5% specificity, 61.3% sensitivity, 97.0%  features as compared to the indiscriminate use of all features. In
precision, and an F1-score of 68.0%. particular, RF exhibited an AUC gain of 4.3% when using selected

The receiver operating characteristic (ROC) curves of each ML features as compared to using all features, a gain of 6.2% when using
model using different features are shown in Figure 2. Al ML models  selected features as compared to all demographic and clinical features,
achieved significant improvements in discrimination by using selected ~ and a gain of 11.4% when using selected features as compared to using
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FIGURE 2
(D) selected feature prediction (AUC=0.969).
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Predictive performance of different feature selection in predict the outcomes of frailty model. The RF model demonstrated the most favorable
performance. (A) Demographic and clinical prediction (AUC=0.907), (B) gait sequence prediction (AUC=0.855), (C) all feature prediction (AUC=0.926),

all gait sequence features. Since the RF model outperformed other ML
models according to accuracy and AUC, it was selected for all
downstream analyses.

Feature importance

Figure 3 shows the SHAP summary plot of RF using selected
features, with the features contributing to the model in descending
order of average absolute SHAP values. This plot depicts the
relationships of values to SHAP values in the training dataset.
According to the prediction model, the higher the SHAP value of a
feature, the more likely frailty becomes. As observed in the plot, the
five most important predictors in the prediction model were large step
walking speed, average step size, age, total step walking distance, and
MMSE score.

Discussion

Frailty is a common condition among older adults that is
characterized by a decline in physical and cognitive function and an

Frontiers in Public Health

increased risk of adverse health outcomes. Identifying frailty on the
early stage can help healthcare professionals implement hierarchical
strategies to prevent or delay its onset and manage potential
conditions. In this study, we adopted a set of analytical and machine-
learning approaches to analyze the relationship between frailty and a
combination of CGA and wearable sensor-derived gait parameters in
community-dwelling older adults.

To achieve this, we used statistical methodologies to extract a
subset of uncorrelated components associated with frailty predictors,
which were then used to independently identify and visualize multiple
dimensions associated with frailty. Our results indicate that machine
learning methods are effective in predicting frailty and that using a
combination of both CGA characteristics and wearable sensor data
improved the performance of our model compared to using either
features separately. This multifaceted combination of features provides
a comprehensive perspective on frailty, allowing the model to capture
the intricate relationship between various factors.

Our final model, which was processed using a random forest
machine learning method, achieved an impressive area under the
curve (AUC) score of 0.926, indicating a high level of accuracy
compared with previous estimates, ranging from 0.58 up to 0.92
(15-23). In contrast to other traditional predictive formulas, such as
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FIGURE 3
SHAP plot of top features influencing our model’s prediction of frailty using all features.

the electronic medical records-based model, administrative records-
based model, and sensor-based model, the classification results of
our model outperformed other traditional models. This enhanced
performance may be attributed to our study design and to the
synergistic approach that combined CGA and wearable sensor data,
by

optimization processes.

accompanied rigorous  feature  selection  and

Furthermore, we also calculated the accuracy of each model when
processing different complements of patient characteristics, in
addition to overall model performance. We found that using a
narrower set of carefully selected features achieved significant
improvements in discrimination relative to models that included all
available features. This reduced the dimensionality of our dataset and
allowed our model to focus on the most relevant features for predicting
frailty. In previous study, Williamson and colleagues (20) reported that
frailty was predicted using a large number of features of electronic
medical record database without feature selection as effectively, which
can lead to overfitting and reduced generalization of the model.

This limitation of the number of features needed would be helpful
in clinical settings due to difficulties in collecting consistent data from
older patients, especially with functional data or data indicating
cognitive and emotional status. Notably, the top five features found to
be important in predicting frailty were step walking speed, average
step size, age, total step walking distance, and MMSE score. These

results are consistent with previous research that has identified gait
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and physical activity parameters measured by wearable sensors as
being associated with physical frailty and has found that certain gait
parameters, such as percentage time standing, percentage time
walking, walking cadence, and longest walking bout, are effective
digital biomarkers for identifying frailty (21, 39). Gait stability, as
determined by double-limb support time, step time and stride time,
and long short-term memory have also been found to produce the
highest discriminative power in identifying frailty using the RF model
(40). Accordingly, our findings suggest that healthcare professionals
treating older patients should focus on these five features, as they may
indicate the risk of future frailty.

In particular, the strength of the gait parameters in our analysis,
accounting for 50% of the predictive power, demonstrates the
importance of these motor characteristics as a measure of frailty. The
6MWT is a valid, reliable and sensitive measure of functional
performance capacity that has been found to be useful in evaluating
frailty in older adults (41). Using digital methods to perform the
6MW T, such as wearable sensors or GPS devices, an economical and
convenient way to provide diagnostic and clinical information, can
significantly improve the accuracy and reliability of the test results
compared to manual methods (42, 43).

CGA has also been used to identify risks of adverse events such
as cognitive impairment, mortality, functional decline, surgical
complications, and chemotherapy toxicity among frailty patients (44,
45). This is the first study ever done to show the benefits of utilizing
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a combination of CGA and wearable sensor data in predicting frailty.
Our research adds to the existing knowledge by revealing the efficacy
of employing an integrated approach, using both CGA and wearable
sensor data in predicting frailty and a limited number of judiciously
selected features in a machine learning model. It also highlights the
importance of gait-related measures for frailty prediction. Previous
studies have used various artificial intelligence (AI) models to
analyze frailty and predict frailty risk in older adults using different
types of data, including clinical records (15-18, 24, 46), physical
function data (47, 48), and wearable sensor data (21, 22, 49).
Additionally, the clinical implications of our method were
summarized as follows:

A. The integration of both CGA and wearable sensors objectively
measure gait parameters offers healthcare professionals comprehensive
understand of frailty risk, enabling early intervention and better
management of pre-clinical condition to prevent adverse
health outcomes.

B. In terms of feature selection, our study identified the five most
important indexs in the prediction model as large step walking speed,
average step size, age, total step walking distance, and MMSE score.
Clinicians can prioritize these factors when assessing frailty risk in
older patients, allowing for a more effective and targeted approach that
streamlines data collection and reduces the burden of frailty on
patients and healthcare systems.

C. In terms of gait assessment, we depicted wearable sensors for
auto digital gait data analysis such as the 6SMWT that can provide
more accurate and reliable results classification of frailty individuals
compared to traditional manual methods, improving the overall
quality of frailty evaluations.

D. In terms of the clinical setting, the application of ML techniques
to analyze and predict frailty risk has proven beneficial in identifying
at-risk individuals. These methods have shown promising results in
identifying relevant features and interactions, particularly when
numerous variables are involved, allowing for timely interventions
and more personalized care plans.

Considering the implications of a future digital health approach,
we aimed to capture pertinent gait components based on 6MWT that
can be utilized to remotely predict the risk of frailty using wearable
sensors. With this approach, patients would able to be long-term
digital monitored without having to undergo an in-person clinic visit
to assess their physical frailty. However, this study is subject to several
limitations that need to be addressed. Since, the 6 MWT is a long-
distance walking test that places higher demands on the abilities,
functional status, and reserves of older adults. Our recruitment
threshold of walking behavior, a minimum test time of 6 min, was
achievable for the vast majority of this population with or without
any walking aids. However, the physical state of all senior persons
cannot be accurately represented by our community-sourced
volunteer recruiting. While the physical condition of older adults in
the community is generally acceptable, the degree of frailty may
exhibit more pronounced manifestation within older institutions,
such as nursing homes.

Throughout the research process, some patients were unable to
complete the full test due to their limited capacity for sustained long-
distance walking. For safety reasons, these individuals had to
be excluded from the study. While we would handle missing data
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appropriately, this may impact the experimental results and potentially
weaken the test’s effectiveness. Consequently, the restricted source of
the samples supply diminishes the representativeness, universality,
and generalizability of our study findings, thereby reducing their
therapeutic usefulness. Although there are some intrinsic limitations
to the test, the 6MWT can be potentially performed in the vast
majority of geriatric population, thus key gait parameters can
be served as an important tool for early frailty screening, diagnostic
assessment, and early prevention in older adults (50).

Future study is warranted to validate and generalize these
findings to other populations and settings, as well as to explore the
potential of integrating additional data sources and advanced
machine learning algorithms to further enhance the ability of ML to
identify the risk of frailty. Ultimately, the insights gained from this
study have the potential to significantly impact clinical practice,
leading to improved identification and management of frailty in
older adults, enhancing their quality of life and overall
health outcomes.

Conclusion

Opverall, our findings suggest that combining CGA and wearable
sensor-derived gait parameters can improve the accuracy of frailty
prediction models. The use of digital measures of gait, such as the
6MWT, plays a crucial role in enhancing the model’s predictive power
and should be considered by healthcare professionals when evaluating
frailty risk in older patients. Due to the rapid rate at which wearable
sensor-based data is being collected, high-performance data
processing is becoming increasingly important. Further research is
needed to determine the generalizability of these findings to other
populations and settings.
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Impact of smart device use on
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older adults: findings from four
provinces in China

Yan Wei and Xinyu Guo*

School of Statistics, Xi‘an University of Finance and Economics, Xi‘an, China

Background: The digital divide has grown because of the deepening digitalization
of the Chinese society and the intersection between high-end technology
and the age structure. Older adults show an increasing level of weakness in
digital life integration. What digital development can bring to older adults is a
pressing concern.

Objective: This study aims to investigate how smart device use affects older adults’
health status and offers an empirical reference for improving their digital literacy
and health.

Methods: The data in this study were collected from an offline survey conducted
from December 2021 to April 2022, which obtained 1110 valid samples of older
adults This study used a multivariate ordered logit model, mediating effect model,
and heterogeneity test to analyze the impact of smart device use on the health
status of older adults.

Results: Smart device use has a significant positive effect on the self-rated,
physical, and psychological health of older adults, and this positive effect is more
pronounced among older adults living in urban areas or with a higher age. The
average net effect of smart devices on each health status of older adults is 0.161
for self-rated health, 0.155 for physical health, and 0.071 for psychological health.
In-depth research found that older adults’ attitudes toward smart devices played a
mediating role in the influence of smart device use on self-rated and psychological
health respectively.

Conclusions: The study found that smart device use had a positive effect
on the health status of older adults and that the performance expectations
and individualized needs of older adults exhibited an effective linkage between
smart devices and health status. Smart device use could improve the overall
health of older adults, especially the urban and low-age older adults. Promoting
the understanding of the practicality of smart devices for older adults and the
aging-oriented transformation of smart devices is an effective way to improve
the health status of older adults. The findings provide theoretical support for the
wide application of smart devices in older adults, and can effectively help eHealth
practitioners implement accurate geriatric health support strategies.

smart device, older adults, self-rated health, physical health, psychological health,
propensity score matching, mediating effect
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1. Introduction

The intersection of high-end technology and the age structure
widened the age-oriented digital divide. The large population has
made the digital divide among older adults a major livelihood
concern for governments in the digital age. Older adults lag behind
younger people in their adoption, especially when it comes to
internet use (1). Also, older adults have been classified as one of
the most information-weak groups in some countries including
Korea (2) and China. Exploring the impact of digital development
on older adults will help integrate existing resources for senior care
and significantly enhance the support for older adults’ health and
digital literacy.

The United Nations projects that the world’s population could
grow to around 8.5 billion by 2030 (3), up from the recent number
of 8 billion. Average life expectancy also increases with population
growth. It is predicted that the average longevity worldwide will
be 77.2 years by 2050 (4). Population aging will increase because
of increased life expectancy and declining birth rate. The Second
World Assembly on Aging took place in Madrid in 2002, where it
was proposed that “population aging is a universal force that has
the power to shape the future as much as globalization.” (5) As
the world’s most populous region, the overall speed and level of
population aging in Asia have a huge impact on the quantity and
quality of life of the global population. In China, the population of
older adults aged 60 or above had reached 2.67 billion by the end of
2021(6), making China the country with the largest number of older
adults in the world. Aging in China shows obvious characteristics of
getting old before becoming rich and processing faster. China put
forward a policy of actively coping with population aging in 2006,
which was elevated to a national level in the 14th Five-Year Plan
(2021-2025) in 2021.

Currently, the main problems that need to be resolved
are how to better satisfy the needs of older adults, encourage
their engagement, and help them share the benefits of social
development considering China’s rapid aging. This study focused
on the impact of smart device use on the health status of older
adults. The rationale behind choosing this research theme is that
older adults exhibit growing digital fragility and obvious digital
weakness as the digitalization of Chinese society deepens. Smart
devices are among the most direct links between the internet and
its users. Research on the impact of smart devices on the health
status of older adults will help clarify the impact of digital life on the
health of older adults, help explore the aging-oriented development
of smart products, and effectively help solve the digital divide for
older adults.

The possible innovations and contributions of this study are as
follows: first, in the context that most of the current research is on a
single health aspect, the study for the first time comprehensively
considers the subjective and objective health of older adults
and analyzes the impact on each health status by combining
multidimensional perspectives of social interaction, economic level,
and intergenerational support. Second, in the context of a deeply
aging society and accelerating the construction of digital China, this
paper further analyzes the intrinsic effect mechanism combined
with actual life needs, and analyzes the essence in depth based on
the analysis of the impact of smartphone use on health to provide
empirical references for the improvement of health quality and
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digital literacy of older adults. Finally, the findings show that use
smartphone in moderation can improve the overall health of older
adults, and provide a feasible development direction for improving
the digital literacy of older adults and achieving healthy aging.

This study is divided into four parts. First, the literature review
section gives the theoretical origins of the concept of “eHealth”
and reviews the literature on smart device use and health status of
older adults. Second, materials and methods are included, which
consist of data sources, variable definitions, and analysis strategies.
Third, the impact of smart device use on the health status of older
adults were analyzed, in which robustness tests and mediating
effects tests were conducted, and heterogeneity tests based on
older characteristics were analyzed. Finally, this paper discusses the
analyses and summarizes the limitations.

2. Literature review

Palos-Sanchez’s study (7) noted that telemedicine and eHealth
have duly become important factors for the analysis, study,
etc.,. “Health services and information provided by the Internet
and related technologies.” was used by Eysenbach (8) to define
Electronic health or eHealth. It can be seen that eHealth not only
refers to the development of medical information technology, but
also means an Internet-based way, which is more conducive to
promoting the development of modern health care (9). As one of
the main accesses for older adults to the Internet, smart devices
offer older adults a new way to access health information and
improve their health conditions.

The relationship between smart devices and the health status
of older adults is an important topic in digitalization and aging.
Studies have been conducted to analyze the overall health of
older adults in terms of smart devices, individual characteristics,
and social status. The popularity of smart mobile devices such
as smartphones and smartwatches has promoted the openness
and expansion of mobile health applications, providing support
for coping with structural changes and population aging (32).
The popularity of mobile technology has led to the widespread
development of digital health interventions (10), and the use of
smart wearable devices can help older adults improve their health
(11). In terms of social interaction, active participation in social
activities contributes to healthy aging. The social networks of
older adults have different influences on their health. The use of
digital technologies such as the internet can effectively contribute
to active aging, and studies have shown that older adults who
use online payments have better physical and psychological health
(12). Older adults who use the internet also have a larger social
network in which their social participation plays a positive role
(13), while living alone has a negative impact on their health and
overall wellbeing (14). Education plays a role in the choice of
social networks and the number of choices made by older adults
(14). Moreover, some studies have shown that internet health
information education for older adults can significantly improve
their health literacy (15). The overall health of older adults has
improved after using health self-tests and health training provided
by smartphones (16).

The health of older adults can be divided into self-rated,
physical, and psychological health. First, in terms of self-rated
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TABLE 1 Summary of key literatures.

Item Overall health

Smart device Lead to widespread development of
digital health interventions; online
health training improves overall health;

internet access positively affects health health and mood

Self-rated health

Internet access improves
self-rated health; internet use
could improve self-rated

10.3389/fpubh.2023.1118207

Physical health Psychological health

Positive effect increases over time;
older adults addicted to
smartphones being more likely to
suffer from severe anxiety and

Help obtain health
information and receive
medical services; long-term
internet use affects negatively

and life quality depression.
Social Active participation contributes to Weaken psychological loneliness,
interaction active aging relieve pressure and depression;
Appropriate online socialization
improves health
Education Affect the choice of social networks and Education was an essential
the number of choices factor when predicting the
impact of the internet
Living Living alone has a negative effect on Appropriate intergenerational
arrangement health technical and communication can

health, some studies have shown that reported symptoms and
disease factors, biological factors, and behavioral factors can lead to
gender differences in the subjective health of older adults and that
the health quality of the female population is lower than that of the
male population when controlling for residential characteristics,
basic physical health, socioeconomic status, and family support.
Smartphone use among older adults has a significant positive
effect, which increases with the improvement in education, income,
and children’s living conditions on their subjective health status
determination (17). Some studies have found that internet access
among older adults can improve self-rated health and has multiple
positive effects on health and quality of life (18). A study by Nwoke
et al. (19) pointed out that education was the least negligible factor
when predicting the impact of the internet on the self-rated health
of older adults, and the higher the education level, the better the
psychological health status. Yang and He (20) found that internet
use could significantly improve self-rated health and mood in adults
aged 45 years or above.

Second, in terms of physical health, the development of
the internet has helped older adults obtain health information.
Moderate smartphone use and its support software are conducive
to improving the health of older adults. Some studies have shown
that internet use can effectively improve the physical health of
older adults (21). The development of the internet has also
facilitated access to health information, prevention of illnesses, and
helped residents receive medical services more conveniently (20).
Cohall et al. (22) believed that, through the internet, older adults
could obtain more knowledge that benefits their physical health.
However, Billari et al. (23) argued that long-term internet use could
have a negative impact on physical health. Smartphones and their
support software can also help older adults improve their health,
with 12 smartphone applications being found to help older adults
improve their health and quality of life while maintaining safe social
distancing during the COVID-19 pandemic (24).

In terms of psychological health, intergenerational support
and social interaction have a significant impact; moderate use
of the internet and smartphones can also help older adults
enhance socialization and alleviate loneliness. Appropriate online
socialization can improve the psychological health of older adults.
Studies have shown that once older adults establish a social network
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positively affect older adults’
feelings

on the Internet, they are bound to weaken their psychological
loneliness, relieve pressure and depression, and their psychological
health benefits from it (25). The positive impact of the internet on
the psychological health of older adults also increases over time
(26). Sharing information through social media can consolidate
family relations and alleviate the sense of social alienation and
loneliness of older adults, improve self-efficacy and the sense of
control, and ultimately enhance their life satisfaction (27). In
terms of smartphone use, intergenerational technical support can
significantly affect the feelings of older adults (28). Smartphones
improve the emotional health of older adults more than VR
technology (29); however, excessive smartphone use can also be
harmful, with older adults who are addicted to smartphones
being more likely to suffer from severe anxiety and depression
symptoms (30).

Throughout the relevant studies, the overall health status of
older adults was mostly analyzed from the aspects of individual
characteristics, social interactions, and the use of internet and smart
devices. We have summarized some of the key literature (Table 1).
Some studies were conducted separately on self-rated, physical,
and psychological health and concluded that older adults could
effectively improve their health conditions by moderate contact and
use of the internet and smart devices. At the same time, individual
characteristics, social interaction, and intergenerational support
had mostly significant effects on the health of older adults. Studies
on the impact of smart device use on older adults’ health status
still have the following research spaces: first, most of the studies
focus on a certain aspect of health status, and there is a lack of
studies that analyze the impact of smart device use represented by
smartphones on the comprehensive health status of older adults.
Second, although some researchers have explored the impact of
smart device use on the health status of older adults using both
qualitative and quantitative methods, the underlying mechanism is
relatively complex and the existence of self-selection bias remains
to be further examined. Third, few studies have further explored
whether other factors affect the relationship between smart device
use and the health status of older adults. Therefore, this paper will
examine the impact of smart device use on self-rated, physical, and
psychological health to enrich the study on the impact of smart
devices on health status of older adults and test the mediating effects
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FIGURE 1
The distribution of survey locations.

of the performance expectations and individualized needs of older
adults from smart devices. More conclusions were obtained from
the group heterogeneity tests for comprehensive health according
to age and residence.

3. Materials and methods

3.1. Aims and questions

This study aims to investigate how smart device use affects older
adults’ health status and offers an empirical reference for improving
their digital literacy and health.

Specifically, this study wants to examine the following
questions: whether the use of smart devices affects the health status
of older adults? If so, are there any differences between older adults
with different characteristics? If there are other factors that play a
role in the mechanism between smart device use and the health of
older adults?

3.2. Data

The data used in this study were obtained from a face-to-
face offline survey of older adults in four provinces of China
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from December 2021 to April 2022.This project convened and
trained investigators offline to obtain rigorous and authentic
questionnaires through face-to-face interviews with older adults.
Before the formal survey, a small-scale pre-survey was conducted
to check the validity of the questionnaire. Investigators used
the initial questionnaire to carry out a small-scale offline survey
of the target older adults with different gender, age, residence
and other characteristics. Then some questions and options
were adjusted according to the survey results, which improved
the rationality and rigor of the questionnaire. Based on the
geographical distribution and aging degree in the results of
Seventh National Population Census, four provinces were selected
as survey locations: Jilin Province in the Northeast, Shandong
Province in the East, Henan Province in the central, and Shaanxi
Province in the West. According to factors such as the proportion
of population in each province and the needed number of
respondents, the number of respondents in each province is
calculated, and then subdivided into municipalities within the
provinces. The aging degree of Henan Province is lower than
the average level of China (18.70%), while that of other three
provinces is higher, which represents the different aging degrees
in different regions of China. Figure | shows the distribution of
survey locations; the colors of provinces with a higher aging degree
are darker.
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TABLE 2 Sample description.

ltem Content
Gender Male 522 47.02
Female 588 52.97
Age 55-64 191 17.21
65-74 424 38.20
75 or above 495 44.59
Education Primary school or below 593 53.42
level
Junior high school 302 27.21
High school or technical 149 13.42
secondary school
Junior college or above 66 5.95
Marital Has spouse 793 71.44
status
Without spouse 317 28.56
Average 0-1,999 659 59.37
monthly
income
2,000-3,999 318 28.65
4,000 or above 133 11.98

The survey, targeting people aged 55 and over, included both
questionnaires and qualitative interviews. Questionnaires consist
of individual and community questionnaires, and the former of
which can be further divided into three parts: basic information
about older adults and their family situation, smart device use in
older adults, and basic information about their offspring. A total
of 1,170 responses were obtained, including 1,110 valid responses
used in this study. The sample statistics are shown in Table 2. It
can be seen from the table that there were 522 male older adults,
accounting for 47.02%, and 588 female older adults, accounting
for 52.97%, indicating that the gender distribution of the survey
respondents was relatively even. In terms of age, there were more
older adults with a higher age. There are 191 older adults aged
55-64, accounting for only 17.21%, 424 older adults aged 65-74,
accounting for 38.20%, and 495 older adults aged 75 and above,
accounting for 44.59%, which was much in line with the aging trend
of China’s older adults. As for education level, the vast majority of
older adults had a low education level, 593 older adults only had
primary education or below, accounting for 53.42%, only 66 older
adults have college education or above, accounting for 5.95%; In
terms of marital status, 793 older adults had spouses, accounting
for 71.44%, and 317 older adults were without spouses, accounting
for a relatively low proportion of 28.56%; As for average monthly
income, 59.37% of the older adults had a monthly income of <2,000
yuan, 28.65% of the older adults had 2,000-3,999 yuan, and only
11.98% of the older adults had more than 4,000 yuan, which mean
that most of the older adults had a low monthly income.

Compared with the data of Seventh National Population
Census and the 49" Statistical Report on China’s Internet
development released by the China Internet Network Information
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Center (CNNIC) (31) (Table 3), the characteristics of the survey
respondents are relatively similar and the data have good
representative traits.

3.3. Variables

Most existing studies on the health status of older adults have
been conducted in terms of self-rated, physical, and psychological
health. This study described the health status of older adults in
terms of three dependent variables for a comprehensive analysis of
the same sample. The dependent variables in this study were the
health status of older adults, including their self-rated, physical, and
psychological health (Table 4).

The first dependent variable was the self-rated health status of
older adults. Specifically, the responses to the question “How is your
current physical health?” was used to evaluate the self-rated health.
The five categories that respondents used for their answers were
combined into “Poor” (a combination of “Very poor” and “Poor”),
“Average” and “Good” (a combination of “Very good” and “Good”),
considering the small number of people who chose “Very poor” or
“Very good.”

The second dependent variable was the objective health degree
of older adults. Physical health was measured using 12 indicators on
the Activities of Daily Living (ADL) scale: eating, bathing, dressing,
going to the toilet, walking, going up and down stairs, traveling by
car, shopping, doing housework, washing, cooking, and talking on
the phone. The value of each option was “1 = Fully able,” “2 =
Partially able,” and “3 = Unable.” The reliability (Cronabach’s o =
0.928) and validity (KMO = 0.922) analysis of this scale showed
good results. The total score of the 12 items was 12 for “Good”
coded as 3, 13-24 for “Average” coded as 2, and 25-36 for “Poor”
coded as 1.

The third dependent variable was the psychological health. This
variable, was based on five indicators of the depression scale in the
questionnaire: mood, life emptiness, loneliness, sleep status, and
life attitude. Two of the questions were rated positively and three
were rated negatively. The values assigned to each option were “1

» «

= Strongly disagree;” “2 = Disagree,

» «

3 = Average, “4 = Agree,
and “5 = Strongly agree.” The positive scoring questions were
turned, the reliability (Cronabach’s « = 0.708) and validity (KMO
= 0.661) analysis of this scale showed good results. Then the values
of the five questions were combined. The total score of 16-25 for
“Poor” coded as 1, 6-15 for “Average” coded as 2, and 5 for “Good”
coded as 3.

The independent variable in this study was smart device use
by respondents, represented by smartphones, as measured by the
question “Do you use a smartphone” in the questionnaire with the
options including “Yes” and “No.”

Additionally, a list of factors considered important in affecting
the health status of older adults was used as a control variable
in this study. The personal characteristics of the older adults
included gender (male, female), age (55-64, 65-74, 75 or above),
resident area (rural, urban) (20), education (literacy) (17, 19),
marital status (has spouse, without spouse) (12), and other variables
reflected in the economic level (personal average monthly income)
(12), social interactions (interpersonal expenditure) (25, 27), and
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TABLE 3 Comparison of the survey with the results of Seventh National Population Census and the 49th statistics on China’s Internet development (%).

Content Survey result Seventh National Population
Census

Health status Good health 54.4 54.6
General health 285 32.6
Poor health 17.1 12.8
Education level Primary school and below 53.5 58.6
Junior high school 27.2 27.5
High school or technical secondary school 13.4 9.92
Junior college or above 6.00 3.98

Item Content Survey result CNNIC ‘
Internet Use Internet penetration rate for older adults 47.1 432
Instant messaging 95.7 90.6
Commonly used applications Web video 83.2 84.8
of older Internet users Web news 62.4 77.9
Online payments 54.6 70.6

TABLE 4 Variable definition and descriptive statistics.

Variable Variable definition Mean SD
Dependent variable Self-rated health Poor = 1, Average = 2, Good = 3 2377 0.760
Physical health Poor = 1, Average = 2, Good = 3 2.613 0.571
Psychological health Poor = 1, Average = 2, Good = 3 1.862 0.441
Independent Smartphone use No=0,Yes=1 0.570 0.495
variable
Mediator Performance expectations Identification of getting valuable information from smart 2.294 0.768
devices
Individualized needs Identification of smart devices meeting life needs 2.224 0.810
Control variable Gender Female = 0, Male = 1 0.470 0.497
Age 55-64 =1, 65-74 = 2,75 or above = 3 2.274 0.737
Residential area Rural = 0, Urban = 1 0.445 0.497
Education level Primary school or below = 1, 1.719 0.910
Junior high school = 2,
High school or technical secondary school = 3,
Junior college or above = 4
Marital Status Without spouse = 0, Has spouse = 1 0.714 0.452
Average monthly income 0-1,999 = 1, 2,000-3,999 = 2, 1.526 0.700
4,000 or above = 3
Interpersonal expenditures 0-999 = 1, 1,000-5,999 = 2, 1.969 0.676
6,000 or above = 3
Living arrangement With families = 1, Alone = 2, 1.176 0.432
Others = 3

SD, Standard deviation.

intergenerational support (living arrangement) (14). It was tested
that there was no muti-collinearity between the independent
variable and the control variables.

According to existing studies, smartphone use by older adults
could improve their quality of life (24), and the health of older
adults with online social networks is better (25). In addition, health
information obtained through the internet (22) or smartphones
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(16) helps older adults improve their health. Combined with
Maslow’s hierarchy of needs, cognitive (high-level), physiological,
and social (low-level) needs are closer to the real needs of users
in terms of social information and individual satisfaction. This
study selected the performance expectations and individualized
needs of older adults as mediators, considering the results of
this survey that more than 50% of older adults use smartphones
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to fulfill the following needs: receiving phone calls, chatting on
WeChat, online payment, entertainment, and getting news and
information. Performance expectations were expressed by “How
much do you agree that you can get valuable information by using
smart devices?” and individualized needs were expressed by “How
much do you agree that using smart devices can meet your needs in
life?” The values assigned to each option were “1 = Disagree,” “2 =
Average,” and “3 = Agree.”

3.4. Analytic strategy

This study first conducted a descriptive statistical analysis of
the health status of older adults under different smartphone use
conditions. Second, a multivariate ordered logit model was used
to examine the impact of smart device use on the health status of
older adults owing to the ordinal characteristics of its measurement,
The reason for using the ordered multivariate ordered logit model
here is that it can be used as a generalized form of logit model to
analyze in the situation that the dependent variable is a multivariate
ordered variable, and the dependent variables in this paper are all
categorical variables and have more than two classifications, and
also each classification is ordered. A propensity value matching
model was used to analyze the net effect under control variables.
Among the control variables, we also introduced interpersonal
expenditure, average monthly income, and residential area of older
adults in addition to the basic characteristics of older adults to
comprehensively explore the impact of smart device use on the
health status of older adults in a multi-dimensional way. Third,
we analyzed the mediating effect of performance expectations and
individualized needs between smart device use and the health
status of older adults to further explore the mechanism. Finally, we
examined age and residence heterogeneity in the impact of smart
device use on the health status of older adults.
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4. Results

4.1. Descriptive analyses of health status of
older adults under different smartphone
use conditions

Of the 1,110 respondents, 633 (57.0%) used smartphones, while
477 (43.0%) did not. As shown in Figure 2, the proportions of
older adults using smartphones who reported good self-rated,
physical, and psychological health were 37.7%, 46.1%, and 2.4%,
respectively, while the corresponding proportions among those
who did not use smartphones were 17.0%, 19.6%, and 1.4%,
respectively. By comparing older adults’ health under different
smartphone use conditions, it was found that older adults who
use smartphones account for a greater proportion of older adults
displaying better health, which indicates that there is a positive
correlation between smartphone use and the health condition of
older adults.

4.2. Baseline regressions of the impact of
smartphone use on the health status of
older adults

In this study, six baseline regression models were built to
analyze the impact of smartphone use on each health condition
of older adults under control variables. Table 5 reports the impact
of smartphone use on the health of older adults. Models (1)
and (2) show the regression results for older adults’ self-rated
health. After adding the characteristics of economic level, social
interaction, and intergenerational support of older adults, the
estimated coeflicients of smartphone use were still significant, and
the interpretability of the model was enhanced. The significance
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TABLE 5 Regression analyses of smartphone use on the health status of older adults (N = 1,110).

Variable Self-rated health Physical health Psychological health
(1) 2) (3) (4) (5) ()
Smartphone use (no) 0727+ 0.624** 1.044%* 0952+ 0.380"* 0.317*
(0.136) (0.140) (0.155) (0.159) (0.176) (0.179)
Male (female) 0.023 —0.043 0173 —0.226 —0.073 —0.086
(0.124) (0.127) (0.145) (0.148) (0.154) (0.157)
Age (55-64)
65-74 0.004 0.104 —0.773* —0.737% —0.025 0.047
(0.193) (0.197) (0.303) (0.307) (0.236) (0.239)
75 or above —0.536** —0.467* —1.907%** —1.881%* 0.015 0.078
(0.199) (0.202) (0.299) (0.302) (0.248) (0.250)
Urban (rural) 0.172 0.051 —0.063 —0.189 0.074 0.015
(0.125) (0.129) (0.148) (0.153) (0.158) (0.162)

Education level (primary school or below)

Junior high school 0.376** 0.209 0.396™ 0.249 0.368* 0.306
(0.148) (0.153) (0.178) (0.182) (0.190) (0.194)
High school or technical secondary school 0.541%** 0.206 0.114 —0.183 0.413 0.278
(0.202) (0.214) (0.233) (0.247) (0.257) (0.268)
Junior college or above 1.176** 0.779** 0.743* 0.470 0.930** 0.719*
(0.332) (0.348) (0.387) (0.408) (0.370) (0.388)
Has spouse (without spouse) 0.271** 0.159 0.785™** 0.734*** 1.068*** 0.887***
(0.137) (0.156) (0.151) (0.174) (0.168) (0.190)

Average monthly income (0—1999)

2,000-3,999 0.826" 06617 0.267
(0.163) (0.194) (0.200)

4,000 or above 0.759" 0411 0.479
(0.241) (0.292) (0.300)

Interpersonal expenditure (0—999)

1,000-5,999 0.0677 0.457*%* 0.044
(0.148) (0.168) (0.183)
6,000 or above —0.068 0.261 0.090
(0.187) (0.219) (0.235)

Living arrangement (alone)

With families 0.262 0.186 0.444*
(0.198) (0.216) (0.228)
Others —0.055 0.604 —0.182
(0.429) (0.515) (0.517)
LR chi? 147.79 179.10 302.60 326.02 78.88 86.88
Pseudo R? 0.067 0.082 0.176 0.190 0.058 0.063

*p < 0.1,%*p < 0.05, **p < 0.01.
The reference for each variable is shown in parentheses in column 1. The coefficients are in columns 2-7, where the standard errors are in parentheses.

of each control variable in Model (2) is consistent with that health, and Models (5) and (6) are the regression results
in Model (1), and the models show good stability. Models (3)  for older adults’ psychological health, both of which can be
and (4) are the regression results for older adults physical interpreted similarly.
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The results show that smartphone use has a significant positive
effect on the self-rated and physical health of older adults at
the 1% level, and a significant positive effect on psychological
health at the 5% level. Besides, older adults with a higher age
are less likely to have better self-rated and physical health. As
aging progresses the physical functions of older adults deteriorate,
but its impact on psychological health is not significant. In terms
of education, all health indicators of older adults have been
strengthened with the improvement in education level, which is
in line with the findings of Liang et al. (17). Older adults with
higher education levels have better physical and psychological
health due to their investment in acquiring higher education, and
thus receive more rewards, including a better living environment
and more knowledge. A spouse has a significantly positive effect
on the overall health of older adults, as the companionship of a
spouse makes it easier to adapt to changes in their surroundings,
thereby reducing the physical and mental shock from changes and
improving their health.

Older adults with a higher average monthly income have
significantly better self-rated and physical health. The improvement
of economic level helps older adults obtain more abundant and
convenient health support and better and more timely treatment
in case of illness, but the impact of income on psychological
health is not significant. Moderate interpersonal expenditure has
a significant positive effect on the physical health of older adults.
Appropriate social interaction activities not only enhance the social
participation of older adults but also increase their daily exercise
objectively, thus improving their physical health. Intergenerational
support had a significant positive effect on psychological health.
Older adults living with their families are more likely to receive
emotional support and have better psychological health than those
living alone.

4.3. Net effects of smartphone use on the
health status of older adults

Some studies have shown that older adults who frequently
surf the Internet or use smartphones tend to have better health
(12, 15, 17). Using smartphones is a choice made by older adults
based on their own thoughts, but it may be influenced by objective
conditions such as age, gender, and residential area, resulting in the
absence of randomized trial premises. The estimated coefficients
may have errors owing to self-selection. Based on the reasons
above, this study used the propensity score matching model for
robustness tests and the net effects, in which three methods,
namely, k-nearest neighbor matching, caliber matching, and kernel
matching, were used to eliminate the bias caused by mixed factors.
As shown in Table 6, the standard deviation of most variables is
<10%, and the differences in most variables between the control
and treated groups are not significant after matching. This model
largely eliminated self-selection bias, and the sample passed the
balance test.

According to the results of the propensity score matching
analysis (Table 7), the positive contribution of smartphone use to
the development of better health among older adults was fully
illustrated. The impact of smartphone use on self-rated, physical,

Frontiersin Public Health

10.3389/fpubh.2023.1118207

and psychological health of older adults obtained from the three
matching methods were consistent, and most of them passed the
significance test, except the one regarding psychological health.
Under control variables, smartphone use led to a significant
increase in self-rated health by 0.158-0.178, physical health by
0.118-0.193, and psychological health by 0.063-0.073, compared
with older adults who did not use smartphones. This indicates that
smartphone use by older adults has a positive effect on all health
statuses, and the positive net effects on self-rated and physical
health are higher than that of psychological health. At the same
time, the significant net effects of the different matching methods
are close to each other, which verifies the robustness of the results
of the regression analyses.

4.4. Mechanism analyses of the impact of
smartphone use on the health status of
older adults

As one of the main accesses for older adults to the Internet
and interpersonal communication, smartphones play a key role
in interactions between older adults and the outside world. In
addition to daily needs, such as making phone calls and chatting
online by smartphones, older adults also use some applications or
search independently to obtain important events or information
useful to themselves. Therefore, this study analyzed the mediation
mechanism between smartphone use and the health of older
adults with mediators, including performance expectations and
individualized needs.

As shown in the second column of Tables 8, 9, the effect of
smartphone use on performance expectations or individualized
needs was significant. The results in Table5 showed that
smartphone use had a significant impact on each health status of
older adults. Based on this finding, the mediators were added to the
baseline regression equation for each health, and the results were
shown in column 3-5 of Tables 8, 9, respectively.

The results showed that the performance expectation had a
significant effect on the self-rated health and psychological health
of older adults when it was used as a mediator, but did not
show a significant effect on physical health. Further, the impact
of smartphone use on self-rated health decreased, and the impact
on psychological health was no longer significant after adding
this mediator, indicating that the performance expectation played
a major mediating role between smartphone use and self-rated
health, and the major mediating role between smartphone use and
psychological health was even more pronounced than the direct
effect between them. Next, the distribution-of-product method was
used to test the existence of the mediation effect. The results of the
test were consistent with the previous results, the mediating effect
of the performance expectation between smartphone use and self-
rated health was 0.162, between smartphone use and psychological
health was 0.202.

When the individualized need was used as the mediator, the
results were similar to that of the performance expectation. The
individualized need also played a major mediating role between
smartphone use and self-rated health, and between smartphone use
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TABLE 6 Sample balance tests.

10.3389/fpubh.2023.1118207

Variable Control Treated Standard Deviation T-value P-value
group group deviation (%) reduction (%)
Gender U 0.411 0.515 21.0 3.46 0.001
M 0.550 0.509 8.2 61.0 —1.40 0.163
Age U 2.625 2.010 —93.5 —15.11 0.000
M 2.183 2.081 —154 83.5 —2.53 0.012
Residential area U 0.361 0.509 30.2 4.96 0.000
M 0.538 0.491 -9.7 68.0 —1.63 0.103
Education level U 1.392 1.965 67.6 10.93 0.000
M 2.003 1.883 —14.1 79.2 —2.09 0.037
Marital status U 0.589 0.809 493 8.26 0.000
M 0.787 0.795 1.9 96.2 0.35 0.726
Average monthly income | U 1.260 1.727 724 11.65 0.000
M 1.678 1.651 —4.2 93.4 —0.65 0.514
Interpersonal U 1.799 2.098 453 7.48 0.000
expenditure 992
M 2.058 2.061 0.4 0.07 0.948
Living arrangement 8] 1.235 1.131 —23.8 —3.99 0.000
M 1.149 1.140 -2.0 917 —0.37 0.708

*p <0.1,"p < 0.05,**p < 0.01.
The value in columns 3 and 4 is the mean of the control and treated group, respectively.

TABLE 7 Net effect analysis of smartphone use on the health status of older adults.

Analysis method Control group Treated group Difference
Self-rated health Unmatched 2.122 2.569 0.447 0.044 10.14
K-nearest neighbor 2.399 2.557 0.158 0.097 1.63
matching
Caliper matching 2.379 2.557 0.178 0.073 2.45
Kernel matching 2.379 2.541 0.162 0.072 2.25
Physical health Unmatched 2.361 2.803 0.442 0.032 13.82
K-nearest neighbor 2.677 2.795 0.118 0.076 1.56
matching
Caliper matching 2.641 2.795 0.154 0.057 2.72
Kernel matching 2.594 2.788 0.193 0.056 3.46
Psychological health Unmatched 1.786 1.919 0.133 0.026 5.04
K-nearest neighbor 1.847 1.910 0.063 0.055 1.14
matching
Caliper matching 1.898 1.910 0.012 0.043 0.28
Kernel matching 1.830 1.903 0.073 0.043 1.71

SE, Standard error.
The value in columns 3 and 4 is the mean of the control and treated group, respectively.

and psychological health, which all passed the test of distribution-
of-product method. The mediating effect of the individualized need
between smartphone use and self-rated health was 0.220, between
smartphone use and psychological health was 0.215.

The analysis results showed that the higher the satisfaction of
older adults” individualized needs, the better their health status. On
the one hand, older adults will not suffer from the psychological
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burden of embracing life, so they can spend extra time contacting
more advanced intelligent technology, broaden their horizons,
and make themselves happy. Thus, they can improve their self-
regulatory abilities and health levels. On the other hand, they
can maintain an active state, and be socially involved based
on a more prosperous life, and better alleviate their sense of
loneliness. Second, older adults can enhance their health literacy
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TABLE 8 Mediating role of performance expectations in the relationship between smartphone use and the health status of older adults (N = 1,110).

Variable Performance Self-rated health Physical health Psychological
expectations health
Smartphone use 0.752%** 0.559*** 0.913*** 0.234
(0.137) (0.142) (0.162) (0.182)
Performance expectations 0.216** 0.141 0.269***
(0.082) (0.094) (0.101)
Control variable Yes Yes Yes Yes
Pseudo R? 0.053 0.085 0.190 0.068
Test
CI [0.039,0.310] [-0.032,0.262] [0.050,0.385]
Indirect effect 0.162 - 0.202

*p < 0.1, %p < 0.05,***p < 0.01.
The coefficients are in columns 2-5, where the standard errors are in parentheses.
The control variables included gender, age, residential area, education level, marital status, average monthly income, interpersonal expenditure, living arrangement.

TABLE 9 Mediating role of individualized needs in the relationship between smartphone use and the health status of older adults (N = 1,110).

Variable Individualized needs Self-rated health Physical health Psychological
health
Smartphone use 1.077%* 0.534*** 0.896™** 0.231
0.138 (0.144) (0.164) (0.184)
Individualized needs 0.204** 0.137 0.200*
(0.080) (0.092) (0.100)
Control variable Yes Yes Yes Yes
Pseudo R? 0.078 0.085 0.190 0.066
Test
CI [0.049, 0.408] [—0.046, 0.354] [0.004, 0.445]
Indirect effect 0.220 - 0.215

*p < 0.1, p < 0.05,** p < 0.01.
The coefficients are in columns 2-5, where the standard errors are in parentheses.

The control variables included gender, age, residential area, education level, marital status, average monthly income, interpersonal expenditure, living arrangement.

by acquiring valuable, useful information. They can improve their
adaptability to the outside world and overall health, while enriching
their inner thoughts by acquiring valuable information regarding
enhancement of their cognitive realm.

4.5. Heterogeneity analyses of the impact
of smartphone use on the health status of
older adults of different age and residence

These results indicate that smartphone use can improve the
overall health of older adults, but the impact of smartphone
use on their health status may vary depending on the
characteristics of older adults. The heterogeneity analysis of
each health status of older adults demonstrated differences
in the impact of use among different groups of older adults
(Tables 10, 11).

As can be seen from the age subsample regression results, first,
smartphone use had a significant positive effect on the physical
health of older adults of all ages. And there were significant

Frontiersin Public Health

differences in the effects of older adults among all age groups.
The smartphone use showed a positive effect on self-rated and
psychological health only of the older adults aged 75 or above.
Second, in terms of the size of the regression coefficients, the impact
of smartphone use on older people of different ages did not change
regularly with age in addition to psychological health; that is, active
older adults aged 65-74 years are relatively less affected, followed
by the older adults aged 55-64, older adults aged 75 or above
are the most positively affected. Regarding psychological health,
the impact grows with age, and older adults aged 55-64 years are
negatively affected. Older adults of younger age are more likely to
be more receptive to smart devices such as smartphones and less
likely to have difficulty using them, as they are more similar to the
smart age in their middle and younger years. Older adults with
a higher age have relatively less access to information in modern
society, and the marginal impact of outside information on them
through smartphones can be greater than that of other channels. It
is important to note that older adults aged 55-64 should be aware
of digital addiction due to overuse and prevent the consequent
negative psychological health effects (30).
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TABLE 10 Impact of smartphone use on the health status of older adults at different ages.

Variable Self-rated health

65-74 75 or
above

55-64

55-64

Physical health

65-74 75 or
above

Psychological health

55-64 65-74 75 or
above

Smartphone use 0.754 0.241 0.948™** 1.851%* 0.630™* 1.116"* —0.248 0.133 0.558" (0.254)
(0.550) (0.218) (0.198) (0.783) (0.260) (0.210) (0.736) (0.278)

Control variable Yes Yes Yes Yes Yes Yes Yes Yes Yes

Observations 191 424 495 191 424 495 191 424 495

Pseudo R? 0.032 0.045 0.072 0.135 0.074 0.091 0.061 0.083 0.057

Empirical p-value

55-64 vs. 65-74 0.122 0.098* 0.285

55-64 vs. 75 or above 0.302 0.085* 0.050*

65-74vs. 75 or above 0.001** 0.055* 0.115

*p < 0.1,%*p < 0.05, **p < 0.01.
The coefficients are in columns 2-10, where the standard errors are in parentheses.

The empirical p-value obtained from bootstrap sampling (1,000 times) was used to test the significance of the between-group difference in coefficients.

The control variables included gender, age, residential area, education level, marital status, average monthly income, interpersonal expenditure, living arrangement.

TABLE 11 Impact of smartphone use on the health status of older adults with different residences.

Variable Self-rated health Physical health Psychological health

Urban Rural Urban Rural Urban Rural
Smartphone use 0.826*** (0.210) 0.392** (0.188) LI11%% (0.229) 0.750*** (0.223) 0.398 (0.263) 0.182 (0.247)
Control variable Yes Yes Yes Yes Yes Yes
Observations 494 616 494 616 494 616
Pseudo R? 0.061 0.090 0.148 0.226 0.058 0.075
Empirical p-value 0.053* 0.128 0.294

*p <0.1,%p < 0.05,**p < 0.01.
The coefficients are in columns 2-7, where the standard errors are in parentheses.

The empirical p-value obtained from bootstrap sampling (1,000 times) was used to test the significance of the between-group difference in coeflicients.
The control variables included gender, age, residential area, education level, marital status, average monthly income, interpersonal expenditure, living arrangement.

In terms of the regression results for the residential subsample,
first, smartphone use showed a significant effect on self-rated and
physical health in both urban and rural older adults but not on
their psychological health. It is notable that there is a significant
difference in the effect on self-rated health between urban and rural
older adults. Second, the size of the regression coeflicients in urban
older adults was larger than that in rural older adults for each health
status. From the results of the previous analyses, urban older adults
have a higher proportion of smartphone use and more access to new
technologies such as smart devices. Urban older adults are more
fluent and less psychologically frustrated when using smartphones
and are better able to obtain benefits and convenience from the
process based on the advanced development of urban areas. Further
digitalization in rural areas is needed to promote the digital literacy
of rural older adults, which in turn improves their health literacy.

Above all, according to the findings we can see that,
smartphones do have a significant impact on the health status
of older adults on the whole. From the regression results and
propensity score matching results we know that, smartphones
have a significant positive impact on self-rated health, physical
health and psychological health of older adults. At the same
time, different age, residences, education level, marital status
and other characteristics also have an obvious impact on the
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health status of older adults. For older adults of different
age and residences, the impact of smartphone use on health
differs significantly. As for the impact of other factors, the
individualized needs of older adults play a significant mediating
effect in the impact of smartphone use on various health,
and performance expectations play a significant mediating effect
in the impact of smartphone use on self-rated health and
psychological health.

5. Discussion

The above findings suggest that smartphones have an
enhancing impact on the self-rated, physical, and psychological
health of older adults, especially on their physical health. At
the same time, older adults’ performance expectations play
a significant partial mediating role between smartphone use
and self-rated and psychological health. This finding further
deepens the conclusion obtained from existing studies that
health training through smartphones can improve the health
of older adults (16). Further, we also found that older adults’
individualized needs have a significant partial mediating effect
between smartphone use and each health status. Older adults
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in this era are more focused on the usefulness and tangible
value of objects, so they may be more concerned about what
smart devices, such as smartphones, can bring to life. Therefore,
access to knowledgeable information and satisfaction with life
needs are the best outcomes that older adults expect to obtain
through worthwhile economic exchange. Use of smartphones is
convenient while also playing a key role in the health status of
older adults.

However, this study found that smartphone use has a greater
effect on the health of urban older adults compared to rural
older adults, contrary to the findings of regional heterogeneity
in Internet use (20). On the one hand, the marginal effect of
smartphones and internet on rural older adults today is slightly
weaker than it used to be, with the gradual optimization of
rural construction. On the other hand, urban areas still have
superior environments and living conditions compared to rural
areas, where urban older adults are more likely to obtain the
actual effect of digital support services in real life. The actual
digital impact that rural older adults can receive is relatively
weak, as digital construction in rural areas still needs to be
improved. In terms of controlling factors, the effect of social
engagement found by Zhang and Li (13) was limited in this
study. A possible reason for this is that the interpersonal
expenditure investigated in this study is the total spending of
the household rather than that of the individual older person.
It is influenced by the social interaction of their offspring, and
therefore cannot accurately reflect the social support of the older
person separately.

The above findings reflect the importance of smart device
popularization in promoting the health of older adults and the
construction of a healthy China. The digital integration dilemma
of older Chinese people is becoming increasingly prominent with
the development of the smart age. China needs to continuously
promote the digital integration of older adults to enhance their
overall life, including their health status. In recent years, China
has introduced several policy documents to address the difficulties
of older adults in accessing and using smart technologies and to
expand the use scenarios in which smart devices can meet the needs
of older adults. Based on the findings of this study, we should
continue to promote access and smart device use among older
adults. First, we should provide public service guidance for older
adults to improve their digital skills, increase publicity in smart
device use for older adults, and improve their awareness of the
usefulness of smart devices in daily life and social interactions.
Second, investment in the construction of digital infrastructure
in rural areas should be expanded to improve the access and
use of smart devices for rural older adults. Third, age-oriented
requirements should be incorporated into the formulation of
technical standards for smart devices to enhance the willingness
of older adults to use them with the convenience of operation.
Fourth, collaborative research between digital health professionals
and typical older adults needs to be promoted to conduct in-depth
study on the impact of smart devices on older adults’ health. Thus,
we can help improve older adults” digital literacy and help them
integrate into the necessary digital life under the normalization of
epidemic prevention.
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6. Limitations

This study does have some limitations. First, the study takes
smartphones as the representative of smart devices, which is
rather representative but still not enough, and more studies on
smart device use, such as smart watches or smart homes, can be
subsequently added. Second, the data in this study were cross-
sectional rather than long-term. It is less possible to obtain
comparative differences before and after using the same sample;
therefore, causal inferences cannot be made. Third, the level is
not detailed enough when sampling, resulting in the uneven
distribution of urban and rural areas of the respondents, which may
make it difficult to detect the difference in impact between urban
and rural older adults Further research can track changes in the
same group of older adults before and after the use of smart devices
to enrich the relevant research results. Combined with the findings
and the limitations of the survey scope, the scope of the survey can
be expanded to the whole country which can based on the existing
nationwide survey, so that the impact of smart device use in China
can be analyzed in more ways.

7. Conclusion

This paper reports the findings of a quantitative analysis to
investigate the association between smart device use and health
status of older adults in China. This analysis is the first study
combined three dimensions of health to examine the effect of smart
device use on health status and takes the real-life effect into account.
The results of regression analysis showed that smartphone use
could play an important role in improving the self-rated, physical
and mental health of older adults, and subsequent propensity
matching analysis also verified this finding. The age, education
level, marital status, economic level and intergenerational support
of older adults could significantly affect the physical health of
older adults, among which the education level, marital status and
economic level played an important role in the overall health of
older adults. The results of the mediation effect test showed that
the influence of smartphones on the health of older adults in
real life would be affected by the perceived practicality of older
adults, which also reflected the multi-faceted practical impact of
the application effect in real scenarios. The results of heterogeneity
analysis showed that, compared with older adults with a young age,
older adults with a higher age were more likely to be affected by
the positive effect of smartphones, while the former may experience
digital addiction, which also provided a further direction for the
improvement of smartphones for aging. As for people in different
residence, the positive impact is stronger among urban older adults,
with a more pronounced gap between urban and rural older adults
in terms of self-rated health.
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Introduction: As society ages and the digital economy continues to develop,
accessibility to information and communication technology (ICT) has emerged
as a critical factor influencing the mental health of older adults. Particularly,
in the aftermath of the COVID-19 pandemic, the need for non-face-to-face
communication has significantly increased older adults’ reliance on ICT for
accessibility. This transition from a self-motivated engagement to a more socially
passive mode of interaction highlights the importance of creating a digitally
inclusive aging society.

Methods: This empirical study used pooled cross-sectional data from the Digital
Gap Survey conducted in South Korea in 2018 and 2020. It aimed to analyze the
association between ICT accessibility and the mental health of older adults during
the COVID-19 pandemic.

Results: A significant positive relationship was found between ICT and mental
health among older adults in South Korea. However, this positive association
weakened during the COVID-19 period. Furthermore, the analysis revealed
heterogeneity among older adults by age, sex, and place of residence, with
older females in their 70s living in rural areas experiencing the greatest
weakening.

Discussion: These results highlight the need for tailored interventions and support
mechanisms for specific demographic groups of older adults. We recommend
that the South Korean government implement various policies to facilitate the
post-COVID-19 digital landscape. These include initiatives such as ICT-related
education programs, development of user-friendly e-government systems, and
creation of social media platforms designed to accommodate the needs and
preferences of older adults.
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1. Introduction

South Korea has one of the fastest internet networks in the world,
is known as an IT powerhouse, and has internet and smartphone
penetration rates of 97.6 and 92.7%, respectively (1, 2). Even older
adults aged 60 years and above have a smartphone penetration rate of
80.3% (3), which is one of the highest in the world. Given the high
internet and smartphone penetration rates, studies have been
conducted in South Korea since the early 2000s, and the relationship
between older adults’ information and communication technology
(ICT) usage and their satisfaction with life, mental health, and overall
quality of life (QOL) has been a subject of continuous discussion (4-7).

In general, older adults do not adapt well to social changes, and
face social and psychological isolation. ICT use by older adults has
been shown to reduce depression and feelings of loneliness, and
increase their self-confidence (8). These findings have prompted
governments to recommend and implement policies to facilitate older
adults’ access to ICT, such as free training programs, to improve their
internet and smartphone proficiency. Thus, efforts have been made to
make ICT a part of older adults’ leisure activities. However, previous
studies have shown that while ICT use can reduce social isolation, its
use to pursue new encounters may increase emotional isolation (8).
Furthermore, for older adults residing with their families, the
utilization of ICT has demonstrated the potential to impede
communication with their family members (9), and for older adults
who are already socially affluent and highly educated, social
connectivity through ICT may be deemed insignificant (10).

With the emergence of COVID-19 at the end of 2019, ICT has
exerted a more direct influence on daily lives, making its access and
usage by older adults an even more significant social issue. In the
context of the pandemic, older adults’ access to ICT has transcended
mere leisure activities, such as personal enjoyment or social
interactions, which were observed in the past. Instead, it plays a
crucial role in ensuring their survival. The pandemic has introduced
a significant shift in the perception and necessity of older adults’ access
to ICT. Owing to concerns regarding the spread of the infection, the
government has largely transitioned most services from in-person to
ICT-driven remote services, and personal social activities have been
regulated to promote non-face-to-face interactions. As a result, access
to and usage of ICT are no longer solely individual choices, but have
become socially driven and essential aspects of daily life. In South
Korea, many government services including vaccination appointments
and government subsidy applications have moved to contactless
channels using ICT, resulting in a significant increase in the use of
e-government services. According to the Korea National Information
Society Agency’s (NIA) 2022 report on the use of e-government
services, approximately 90% of South Koreans use e-government
services, with the people aged 60years and above showing a
remarkable 12.2% increase in 2021 compared to 2020 (11).

Despite this growth in older adults’ access to ICT in the post-
pandemic period, it has been argued that encouraging them to adopt
ICT in response to the pandemic could widen the information divide,
disrupt their daily lives, and negatively influence their mental health
(12-15). Compared to younger generations, older individuals have
lower levels of internet usage, motivation to use, and technological
proficiency, resulting in a potential widening of the digital divide,
leading to social exclusion and inequality (16-18). Additionally, the
widespread adoption of ICT in government services, medical facilities,
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and delivery apps has caused confusion among older adults, making
it difficult for them to cope with new technologies (19). During the
pandemic, older adults who were vulnerable to physical impairment
and infections were unable to visit medical institutions unless
appointments were made through ICT. For those unfamiliar with ICT,
accessing public services and making online appointments was
difficult (19). Furthermore, for older adults who experience virtual
social interactions through ICT, the digital stress and burden suggest
that virtual contact may not significantly contribute to their mental
well-being (20). Consequently, there has been a shift in perspective
regarding access to and utilization of ICT by older adults from the
previous encouragement of ICT usage. Some studies have suggested
that ICT use in remote social interactions may have a positive and
beneficial influence on cognitive abilities and reduce feelings of
loneliness and isolation among older adults (21-23). However,
contrasting viewpoints argue that ICT-facilitated social interactions
in a “contact-free society” may have adverse effects on mental well-
being, further widening the digital divide (20, 24, 25).

In an ICT-driven “new normal” society initiated by the pandemic,
the integration of various aspects of daily life with ICT will continue.
However, this trend can lead to digital inequalities and social exclusion
among certain populations, raising concerns about its potential negative
influences on mental health. It is essential to continuously study and
implement policies to identify suitable alternatives that meet the needs
of digitally marginalized communities. Considering these social issues,
we conducted a study on the association between older adults’ ICT
accessibility and mental health during COVID-19, and proposed policy
implications to address these challenges and promote inclusivity.

2. Literature review

2.1. Mental health of the older adults and
associated factors

Mental health encompasses emotional, psychological, and social
well-being, and is closely related to life satisfaction, subjective well-
being (SWB), and QOL. Previous studies have demonstrated
significant associations between mental health and life satisfaction
among older adults (26-29). Furthermore, they have shown links
between mental and physical health (30) and argued that mental
health is a fundamental resource for society’s overall well-being (27).
Consequently, mental health in older adults has received considerable
attention in the fields of social and health economics.

According to a previous study, the mental health of older adults is
associated with several key factors including individual characteristics,
health, family dynamics, and social interactions (31-40). Empirical
evidence suggests significant variations in the mental health of older
adults based on factors such as sex, age, educational attainment,
occupation, income level, and residential location (31-34). Additionally,
mental health can differ according to physical health (35-37), quality of
family relationships (38-40), engagement in social activities, availability
of social support, and receipt of pension benefits (41-43).

In recent years, alongside the aforementioned factors, the
widespread availability of the internet and increased ownership of
smartphones and tablet PCs have established ICT as a critical
determinant influencing the mental health, overall well-being, and life
satisfaction of older adults.
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The study of ICT use among older adults is an ongoing endeavor
that has yielded various perspectives. Previous studies have shown
that the use of the internet, smartphones, and ICT can increase self-
efficacy (44), reduce depressive symptoms (45), and positively
influence sense of control (46). Consequently, ICT acts as a medium
through which socially isolated and physically frail older adults can
engage in alternative activities, alleviate depressive symptoms, and
influence overall life satisfaction (8, 44-50). Additionally, previous
studies have shown that older adults’ use of ICT and access to digital
resources enable them to monitor their physical health more
effectively, highlighting the potential of ICT to strengthen mental
health and promote physical well-being (51, 52).

However, negative perspectives also exist regarding older adults’
use of ICT. These views suggest that ICT access and utilization may
hinder face-to-face communication and family interactions,
potentially exacerbating social isolation, loneliness, and depression
among older adults (9, 10, 53). Considering these previous studies, it
can be concluded that ICT access and utilization among older adults
may be beneficial primarily for those who do not cohabit with their
families or have limited in-person social interactions owing to physical
health issues.

2.2. The change of the ICT accessibility due
to COVID-19 for older adults

The emergence of coronavirus disease (COVID-19) in 2019 has
led to significant social changes. During the post-pandemic period,
the concept of a contactless society, often referred to as a non-face-to-
face society, gained prominence, leading to the continuous expansion
of the scope of ICT. Although COVID-19 has played a role in
promoting digitization, there are concerns about exacerbating digital
inequalities. In an increasingly digitalized society, people with limited
ICT skills are more likely to experience exclusion and marginalization.
Digital exclusion and division are particularly pronounced among
older adults. Compared to younger age groups, older adults are more
likely not to use the internet, and have fewer skills in using digital
devices to connect with others (15). Consequently, the accessibility of
ICT for older adults belonging to the information-marginalized group
has become a topic of great interest in many countries.

During the COVID-19 pandemic, studies on older adults’ ICT use
can be divided into two main perspectives. From the perspective of
encouraging the use of ICT among older adults during COVID-19, it
is argued that ICT plays a crucial role in enabling interactions with
distant family members and friends in a contactless society, as well as
enhancing older adults’ leisure activities, allowing them to maintain a
mentally active life in isolated environments (23). This is positively
associated with subjective health, well-being, and mental health (54—
56). Furthermore, using ICT to perform personal tasks independently
can positively influence older adults’ self-esteem and dignity (57).

However, it should be noted that virtual communication facilitated
by ICT may amplify feelings of isolation (20), and increased subjective
pleasure and improved well-being during the pandemic were found
to be effective only when ICT was used for leisure purposes (56).
Therefore, the use of ICT for tasks such as work management and
accessing public services may not have a positive association with
mental health. This is because of older adults’ negative perceptions of
technology and the digital divide. Previous studies have shown that
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despite the introduction of ICT in various social sectors during the
pandemic, older adults experience reluctance and difficulties in social
participation through ICT due to concerns about cybercrime, negative
technological experiences, and the complexity of technology (19, 57).
Furthermore, there are individual differences in ICT skills among
older adults willing to use ICT (23), which can lead to digital and
information inequalities, exacerbating social inequalities (24, 25, 58).

Considering the comprehensive review of previous studies, it is
important to note the ongoing debate and contrasting results
regarding ICT accessibility in older adults during the pandemic. Some
studies suggest the potential benefits of ICT use for the mental health
of older adults, while others emphasize the potential negative
associations and the existence of digital inequalities. With the
accelerated transition toward an ICT-based digital society, it is crucial
to investigate the association between ICT and the well-being of older
adults, and further explore how ICT can contribute to their lives.
Developing policies that foster older adults’ well-being through ICT
has become imperative in light of this transition. This study aimed to
investigate the association between ICT accessibility and the mental
health of older adults during the COVID-19 pandemic.

3. Data source and variable selection
3.1. Data source

Samples were selected based on cross-sectional databases from the
Digital Gap Survey conducted by the National Information Society
Agency (NIA) in 2018 and 2020. The survey’s primary objective was
to gather essential data to address the digital divide in South Korea
and formulate practical policy recommendations for the future. The
survey covered various aspects, including the level of digital
information access and demographic and sociological factors. Data
were collected annually from September to December.

The survey included a diverse sample of participants, including
7,000 South Korean citizens, 2,200 agricultural and fishing workers,
2,200 individuals with disabilities, 2,200 low-income families, 700
North Korean defectors, and 700 married immigrants, for a total
annual survey sample of 15,000 people. For this study, a subset of
30,000 original data entries was used, after excluding 2,800 North
Korean defectors and married immigrants. Finally, the study analyzed
a sample size of 9,301 after excluding 17,899 responses due to
incomplete or erroneous data and individuals under 60 years of age,
following the WHO’s definition of older adults.

3.2. Empirical strategy and variable
selection

In addition to the primary variables of ICT accessibility and
COVID-19, several control variables were associated with the mental
health of older adults. According to previous studies, these variables
include demographic, health-related, family-related, and social
factors. Demographic factors include individual characteristics such
as age, sex, education, occupation, monthly income, living
environment, and living area. Health-related factors refer to physical
aspects that affect the general health of older adults (30, 59, 60). Social
factors include sociological aspects relevant to older adults such as
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social capital (61) and pensions, whereas family-related factors may
include the presence of household members.

To identify factors that were significantly associated with the
mental health of older adults in South Korea, a multiple regression
equation was expressed as follows:

Mental Health = By + BICT + f,COVID _19 + B5ICT * COVID _19
+p4Dem + BsFam + BgHealth + B;Social + 1

Mental Health: as a measure of mental health, we used questions
21-7 from the 2018 and 2020 NIA Digital Gap Surveys. Question
21 assessed mental health and subjective satisfaction in various
areas of daily life, including economic conditions, leisure and
culture, social activities, interpersonal relationships, family
relationships, work, education, and government. Therefore, it was
appropriate to measure the respondents’ mental health. The
response scale is a 4-point rating scale ranging from 1 (very
dissatisfied) to 4 (very satisfied). Higher scores indicated better
mental health as reported by the respondents.

ICT: ICT accessibility represents the potential of older adults to
utilize ICT. ICT accessibility for older adults was measured using six
items from the NIA’ Digital Gap Surveys conducted in 2018 and 2020
(Questions 1, 2, and 3). Question 1 consists of two items inquiring
about ownership of Desktop and Laptop (1. Do you currently have a
desktop or laptop available to you? 1-1 Desktop, 1-2 Laptop).
Question 2 comprises three items asking about ownership of Cell
Phone, Smart Pad, and Smart Device (2. Please answer whether
you have a device available to you, 2-1 Cellphone, 2-2 Smart Pad, 2-3
Smart Device). Lastly, Question 3 is composed of a single item
querying whether internet connectivity is available at home (3. Is the
internet (including wireless Internet) currently available at your home
through computers/laptops, smartphones/smart pads, TVs, and game
device?). To simplify the analysis, a scoring system was devised: a
score of 1 was assigned if the older adults possessed devices (for
Questions 1 and 2) or had internet connectivity (for Question 3), and
0 if they did not. (Note: Question 2-1 for the cell phone ownership
part, the responses were divided into 1) smartphone, 2) feature phone,
and 3) unpossessed. Both 1) smart phone and 2) feature phone were
considered to be possessed and were considered as 1.) Total ICT
accessibility scores ranged from 0 to 6 with the score of 1, 2 and 3 are
the cutofts of 25, 50 and 75% quarter, respectively. Participants whose
ICT accessibility score is in the top 25% of the distribution are defined
as the group with high ICT accessibility which we define as ICT
accessibility =1, and the remaining are categorized as the group with
low ICT accessibility which we define as ICT accessibility=0 (62, 63).

COVID-19: COVID-19 is a binary dummy variable COVID-19
emerged toward the end of 2019 and gained widespread global
attention through news and media starting in January 2020.
Accordingly, “0” was provided for data from 2018, and “1” for data
from 2020. The interaction variable between ICT and COVID-19 is
denoted as ICT*Covid_19.

Dem: Dem represents several demographic and sociological
characteristics of older adults. These variables include respondents’
age, sex, education level, occupation, type of residence, residential
area, and monthly income. Sex is a binary variable, with “0” for female
and “1” for male. The final education level was divided into four
categories: 1) below elementary school, 2) middle school, 3) high
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school, and 4) college or higher. Occupation was categorized as 1)
employed, 2) agricultural and fishing workers, 3) unemployed, and 4)
other. Residence type was classified into four categories: 1) detached
house, 2) apartment, 3) town/multiplex house (villa), and 4) other.
Residential area is a binary variable, with “0” for rural areas and “1”
for urban areas. The monthly income variable is divided into seven
categories: 1) KRW 500,000 or less, 2) KRW 500,000-990,000, 3) KRW
1 million - 1.49 million, 4) KRW 1.5 million - 1.99 million, 5) KRW
2-2.49 million, 6) KRW 2.5-2.99 million, and 7) KRW 3 million or
more. Demographic and sociological characteristics were used as the
control variables.

Fam: Fam represents the living arrangements of older adults. It
was categorized as follows: 1) living alone, 2) living with a spouse, 3)
living with a spouse and children, 4) living with a spouse, children,
and parents, and 5) living with others. The “living with others”
category includes cases where older adults reside with relatives such
as grandparents, grandchildren, aunts, uncles, and others, excluding
spouses, children, and parents.

Health: health represents people with disabilities registered by the
government. Health is a binary dummy variable, with “0” for respondents
who are not registered as disabled by the government, and “1” for those
with disabilities officially recognized by the government.

Social: social represents the social characteristics of older adults,
including social support and guarantee of living. Social support is an
independent variable that reflects the respondents’ level of support from
online and offline sources. Question 17 assessed the social support.
However, there was variation in the number of questions comprising
this item across the two survey years. In 2018, the items consisted of 20
questions, whereas in 2020, they consisted of 10 questions. For the
convenience of analysis, a weighted approach was employed for the
2018 data, where a 50% weight was assigned to the total score. The
response scale for this question was based on a 4-point rating scale,
resulting in a score distribution ranging from 10 to 40. Higher scores
indicate a greater perceived level of social support received by the
respondents. The variable guarantee of living is another independent
variable in this study, representing low-income families who receive
government support. This variable was analyzed using personal
information provided by respondents in the questionnaire. Guarantee
of living is a binary dummy variable with “0” for respondents not
included in the low-income group, and “1” for respondents in the
low-income group, who are supported by the government.

4, Statistical analysis
4.1. Descriptive analysis

Table 1 presents the definitions and descriptive characteristics of
the study variables. The total number of observations is 9,301.

The mean score for mental health is 2.45 (S.D =0.76), indicating
amoderate level. In the case of ICT accessibility, it has been found that
most older adults have low levels of accessibility (58.21%). For
COVID-19, 2018 was indicated as “Non” (47.93%) and 2020 as
“Outbreak” (52.07%).

The respondents had a mean age of 67.58 (S.D =5.75). The sample
included a higher proportion of male respondents (55.09%), and the
most prevalent level of education was high school graduation
(37.62%), while the number of individuals with education beyond the
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TABLE 1 Definitions and descriptive analysis of variables (N = 9,301).

10.3389/fpubh.2023.1126900

Variable Definition Mean(S.D)/Number(%)
Dependent variable

Mental Health Subjective mental health satisfaction, a four-point Likert scale 2.45 (0.76)

Independent variable

ICT Accessibility ICT accessibility = 0 5,414 (58.21%)

ICT accessibility = 1

3,887 (41.79%)

COVID-19 outbreak Dummy

0) Non

4,458 (47.93%)

1) Outbreak

4,843 (52.07%)

Demographic and sociological factors

Age Respondents’ age 67.58 (5.75)
Sex 0) Female 4,177 (44.91%)
1) Male 5,124 (55.09%)
Education 1) Below Elementary school 2,487 (26.74%)
2) Middle school 2,930 (31.50%)
3) High school 3,499 (37.62%)
4) College or more 385 (4.14%)
Occupation 1) Employed 4,179 (44.93%)
2) Agricultural and fishery workers 3,172 (34.10%)
3) Unemployed 1,948 (20.94%)
4) Other 2 (0.02%)
Type of residence 1) Detached house 4,938 (53.09%)

2) Apartment

3,401 (36.57%)

3) Town/Multiplex House (Villa)

940 (10.11%)

4) Other

22 (0.24%)

Residential areas

0) Rural area

2,040 (21.93%)

1) Urban area 7,261 (78.07%)
Monthly income (KRW) 1) Less than 500,000 317 (3.41%)

2) 500,000-990,000 1,641 (17.64%)

3) 1 million - 1.49 million 1,525 (16.40%)

4) 1.5 million - 1.99 million 1,283 (13.79%)

5) 2 million - 2.49 million 1,223 (13.15%)

6) 2.5 million - 2.99 million, 874 (9.40%)

7) More than 3 million 2,438 (26.21%)
Family

Living arrangement

1) Living alone

1,777 (19.11%)

2) Living with spouse

5,245 (56.39%)

3) Living with spouse and children

1,754 (18.86%)

4) Living with spouse, children, and parents

53 (0.57%)

5) Other 472 (5.07%)
Health
Disabled 0) Non-disabled 7,499 (80.63%)
1) Disabled 1,802 (19.37%)
Social

Social support

Respondents’ social support online and offline

25.72 (5.35)

Guarantee of living

0) Non-recipients

8,082 (86.89%)

1) Recipients

1,219 (13.11%)
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college level was the lowest (4.14%). In terms of occupation, the largest
category was employed (44.93%). Regarding residential type, majority
of older adults lived in detached houses (53.09%) or apartments
(36.57%), with a higher concentration in urban areas (78.07%) than
in rural areas (21.93%). In terms of monthly income, the largest group
consisted of older adults with a monthly income of three million won
or more (26.21%). (About 22,973.78 USD at an exchange rate of 1
USD = 1,305.84 KRW).

In terms of living arrangements, the largest category among older
adults was couple households (56.39%). When considering disability
and guarantee of living, the majority of older adults were non-disabled
(80.63%) and did not receive government support (86.89%). The mean
score for social support was 25.72 (S.D=5.35).

5. Empirical analysis
5.1. Benchmark model

We examined the association between older adults’ mental health
and ICT accessibility during the COVID-19 pandemic using an
interaction term for ICT accessibility and COVID-19. The results are
presented in Table 2. Model (1) was used to identify factors associated
with the mental health of older adults. Model (2) examined the
association between ICT accessibility and mental health in older
adults, while Model (3) examined the association between COVID-19
and mental health in older adults. Model (4) examined the association
between ICT accessibility and mental health of older adults during
COVID-19 using an interaction term for ICT accessibility and
COVID-19.

The results of Model (1) are as follows: age, sex, education level,
occupation, type of residence, residential area, living arrangement,
disability, social support, and guarantee of living were associated with
the mental health of older adults. Mental health decreased with
increasing age (8 =—0.013, p=0.000), and male participants had
higher mental health scores (=0.047, p=0.003). In the case of
education level, middle school graduates (8 =0.066, p=0.001), high
school graduates (8=0.095, p=0.000), and college graduates
(B =0.102, p=0.014) had better mental health than elementary school
graduates. In the case of occupation, unemployed people ( =—0.083,
p=0.000) had lower mental health than the employed. Regarding the
type of residence, older adults living in environments other
(B=-0.379, p=0.021) than detached houses, apartments, or town/
multiplex houses (villas) had poorer mental health. In terms of
residential area, older adults residing in urban areas (8 =0.039,
p=0.046) had better mental health than those living in rural areas. In
the case of living arrangements, the mental health of those living with
a spouse (ff=0.045, p=0.039), living with a spouse and children
(8=0.071, p=0.013), and others (8 =0.112, p=0.003) were higher
than that of older adults living alone. For disability and guarantee of
living, non-disabled (8=-0.527, p=0.000) and non-recipients
(B=-0.240, p=0.000) had better mental health than those with
disabilities or recipients of support. Higher levels of social support
(B =0.041, p=0.000) were associated with better mental health among
older adults.

Model (2) showed a positive association between ICT accessibility
and mental health among older adults ($=0.108, p=0.000). This
suggests that greater ICT accessibility among older adults is associated
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with improved mental health. The results of model (3) indicated that
the mental health of older adults was better before the onset of
COVID-19 (f=-0.076, p=0.000). This suggests a negative association
between COVID-19 and the mental health of older adults, indicating
that the pandemic had a detrimental effect on mental health. The
results of Model (4) showed that during the COVID-19 period, the
positive association between ICT accessibility and mental health
weakened compared to the pre-COVID-19 period. The interaction
variable was statistically significant (f=—0.074, p=0.010). The results
showed that older people with high ICT penetration had significantly
lower levels of mental health during the COVID-19 period compared
to the pre-COVID-19 period (—0.119). After controlling for the
influence of COVID-19, ICT showed a statistically significant positive
association (0.081) with mental health. However, compared to the
pre-COVID-19 period, the positive association between ICT and
mental health has weakened. Our findings suggest that more frequent
access to ICT among older adults since the onset of COVID-19 has
not contributed to improvements in their mental health to the same
extent as before the pandemic.

5.2. Heterogeneity analysis

Table 3 presents a heterogeneity analysis to examine the
differences based on the individual characteristics of older adults. Age
and sex are commonly considered when analyzing heterogeneity
within an aging population. Additionally, the disparity in digital
inequality and subjective well-being across different residential areas
has long been a topic of discussion in South Korea. Therefore, the
digital gaps between residential areas, particularly during the
pandemic, have garnered attention (64-67). The older adults were
classified according to age, sex, and residential area to explore
potential variations in the findings.

Columns 1-2 in Table 3 depict differences between the sexes. The
analysis showed that before COVID-19, ICT accessibility had a
positive association with mental health for both older male (f=0.136,
p=0.000) and female (#=0.183, p=0.000) adults. However, this
positive association weakened for female adults during the COVID-19
period (f=—-0.117, p=0.008). Previous studies have shown that older
female adults had higher depression levels than male adults during the
COVID-19 pandemic, and older females with poor subjective health
had higher levels of fear of COVID-19 than males (68, 69). Thus, it can
be concluded that the accessibility of ICT during the pandemic
increased concerns and fears of infection among older female adults,
which contributed to a negative influence on mental health.

Columns 3-5 in Table 3 show the differences among age
cohorts: individuals in their 60s, 70s, and 80s or above. Before the
pandemic, ICT accessibility was positively associated with the
mental health of older adults in their 60s (f=0.150, p=0.000) and
70s (f=0.145, p=0.003). However, for those aged 80 and above, the
association was not statistically significant. COVID-19 was found
to be significantly associated only with the mental health of older
adults in their 60s (f=-0.098, p=0.000). Those in their 60s
reported better mental health before the COVID-19 pandemic.
Given that the legal retirement age in South Korea is 65 years,
mental health was predicted to be higher before COVID-19,
because COVID-19 affected the daily work of older adults in their
60s. The interaction term between COVID-19 and ICT accessibility
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TABLE 2 Factors associated with the mental health of older adults in

South Korea.
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TABLE 2 (Continued)

(0.044) (0.044) (0.044) (0.044)
Variables ()] (2) (3) (4) 1
1-1.49 million —0.051 —0.061 —0.030 —0.036
ICT 0.108%##* 0.114%#%* 0.155%%*
(0.046) (0.046) (0.046) (0.046)
(0.016) (0.016) (0.022) .
1.5-1.99 million —0.049 —0.062 —0.025 —0.033
COVID —0.076%** —0.045%*
(0.048) (0.048) (0.048) (0.048)
(0.015) (0.020) 1
2-2.49 million —-0.019 —0.036 0.007 —0.001
COVID*ICT —0.074*
(0.050) (0.050) (0.050) (0.050)
(0.029) .
2.5-2.99 million —-0.014 —0.036 0.012 0.003
AGE —0.013%#* | —0.011%** = —0.010%** = —0.010%**
(0.052) (0.052) (0.053) (0.053)
0.001 0.001 0.001 0.001
¢ ) ¢ ) ¢ ) ¢ ) More than 3 million 0.014 —-0.012 0.042 0.036
Sex (base =Female)
(0.050) (0.050) (0.051) (0.051)
Male 0.047%* 0.043%%* 0.031* 0.033* .
LlVlIlg arra.ngement
(0.016) (0.016) (0.016) (0.016) (base=Living alone)
Education (base = Below Living with spouse 0.045% 0.043% 0.032 0.032
Elementary school)
(0.022) (0.022) (0.022) (0.022)
Middle school 0.066%* 0.065%* 0.070%#% | 0.067%%* o
Living with spouse and 0.071% 0.055 0.041 0.041
(0.020) (0.020) (0.020) (0.020) children
High school 0.005%%% | 0.087%% | 0.103%% | (.100%%* (0.029) (0.029) (0.029) (0.029)
(0.022) (0.022) (0.022) (0.022) Living with spouse, —-0.020 —0.032 —0.043 —0.041
College or more 0.102* 0.082* 0.102* 0.098* children, and parents
(0.041) (0.041) (0.041) (0.041) (0.093) (0.092) (0.092) (0.092)
Occupation Other 0.112%* 0.093* 0.081* 0.082*
(base=Employed) (0.038) (0.038) (0.038) (0.038)
Agricultural and fishery Disabled (base =Non-
workers —0.036 —0.038 —0.021 —0.020 disabled)
(0.022) (0.022) (0.022) (0.022) Disabled 0,527k | _(.508% %k | _(.500%%% | —(.5]0%k*k*
Unemployed —0.083%#%* —0.0827%** —0.077%#%* —0.077%** (0_024) (0.024) (0_024) (0.024)
(0.022) (0.022) (0.022) (0.022) Social Support 0.04 1% 0.039%:% 0.039%%* 0.039%
Other —0.432 —0.427 —0.439 —0.428 (0.001) (0.001) (0.001) (0.001)
(0.587) (0.577) (0.575) (0.575) Guarantee of living
Type of residence (base = Non-recipients)
(base =Detached house) Recipients —0240% k% | —(.238%%E | _(210%F* | —(.2]2%k%
Apartment 0.021 0.020 0.023 0.022 (0.028) (0.028) (0.028) (0.028)
(0.018) (0.018) (0.018) (0.018) Constant 2.8k 2,193 2.077%%% 2,080
Town/Multiplex House (0.123) (0.123) (0.125) (0.125)
(Villa) —0.018 —0.020 —0.012 —0.010 i
Observations 9,301 9,301 9,301 9,301
0.026 0.026 0.026 0.026
¢ ) ¢ ) ¢ ) ¢ ) R-squared 0.202 0.206 0.208 0.208
Other —0.379% —0.383* —0.395% —0.395%
F 98.07 97.94 96.11 93.34
(0.164) (0.161) (0.158) (0.156) T
F-test for joint
Residential areas significance
(base=Rural area)
ICT-COVID*ICT 29.3 1%
Urban area 0.039% 0.034 0.035 0.035
COVID-COVID*ICT 16.15%**
(0.020) (0.020) (0.020) (0.020)
Robust standard errors in parentheses. **#*p <0.001, *#p <0.01, and *p <0.05.
Monthly income
(base =Less than
500,000) was statistically significant for those in their 70s (f =-0.146,
p=0.028). Adults over 70s may be less willing to use ICTs than
500,000-990,000 —0.020 —0.026 —0.001 ~0.007 ; . A
those in their 60s and their skills in using ICTs may be lower than
(Continued)
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TABLE 3 Difference in gender, age cohort, and residential areas.

10.3389/fpubh.2023.1126900

Variables Difference in gender Difference in age cohort Difference in residential areas
Male Female 60s 70s Over 80s Urban area Rural area
ICT 0.136%#% 0.183%#5 01507 0.145% 0.166 0.1647%% 0.1227
(0.028) (0.034) (0.025) (0.048) (0.213) (0.025) (0.047)
COVID —0.043 -0.038 —0.098°% —0.003 0.113 —0.064%* 0.021
(0.027) (0.030) (0.024) (0.038) (0.096) (0.022) (0.042)
COVID*ICT —0.046 —0.117%% —0.017 —0.146* —0.346 —0.030 —0.280%
(0.039) (0.044) (0.034) (0.067) (0.240) (0.032) (0.063)
Observations 5,124 4,177 6,560 2,339 402 7,261 2,040
R-squared 0.228 0.193 0.234 0.158 0.134 0.224 0.184
F-test for joint significance
ICT-COVID*ICT 14,847 15.18%% 29,9455 4.57%% 1.58 33.74%% 9,92
COVID-COVID*ICT 5.85% 9,617 184475 3.27% 127 10,66 12,78

Robust standard errors in parentheses. **¥p <0.001, *¥p <0.01, and *p <0.05. The rest of the variables in the benchmark model are controlled.

family members when they do use them. Therefore, the passive use
of ICT in a contactless society during the pandemic is expected to
be negatively associated with mental health.

Columns 6-7 of Table 3 present the differences between different
residential areas. Prior to the COVID-19 outbreak, the association
between ICT accessibility and mental health of older adults was found
to be statistically significant in both urban (f#=0.164, p=0.000) and
rural areas (#=0.122, p=0.010). The mental health of older adults
living in urban areas was found to be better before COVID-19
(f=-0.064, p=0.005). Previous studies have shown that urban
residents report more COVID-19-related mental health problems
than rural residents (70). In South Korea, the response to COVID-19
has been more severe in urban than in rural areas. Considering these
facts, a significant negative association between COVID-19 and the
mental health of older adults residing in urban areas is anticipated.
Regarding the interaction term, the positive association between ICT
accessibility and mental health of older adults living in rural areas
weakened during COVID-19, and was also statistically significant
(f=-0.280, p=0.000). This result can be attributed to limited access
to ICT and lower frequency of use among older adults living in rural
areas. Consequently, despite the possibility that rural areas may have
been subjected to less severe activity restrictions during the pandemic,
older adults in these areas face greater challenges in using ICT
resources. These challenges are expected to exacerbate, especially
when engaging in activities such as applying for government subsidies
or completing official government tasks that rely heavily on
ICT platforms.

5.3. Robustness check

As a robustness test, we investigate the life satisfaction and the use
of e-government among older adults. Life satisfaction, a component
of psychological well-being, is strongly correlated with mental health
(26-29) and can be used as a proxy variable for mental health (71). As
for ICT accessibility, e-government refers to the ability of citizens,
including persons with disabilities, to access basic services without
having to visit a physical location. The use of e-government can
measure the use of ICT to ensure that government resources are
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accessible to everyone (11). Therefore, e-government usage is used as
a proxy indicator for ICT accessibility (72).

Life satisfaction was measured in 2018 and 2020 using the
common question number 22, and E-gov was measured using
common question number 10-4. Question 22 measured the
respondent’s subjective satisfaction with life and consisted of five items
(1. My life is close to the ideal; 2. My life is very good; 3. I am content
with my life; 4. I have acquired the important things I want in life so
far; 5. If I lived my life again, I would not change anything.) The
response scale is a 4-point rating scale ranging from 1 (very
dissatisfied) to 4 (very satisfied), resulting in a score distribution
ranging from 5 to 20. Higher scores indicated higher life satisfaction.
However, there were differences in the response rating scales between
2018 and 2020. In 2018, the response scale was a 7-point rating scale,
whereas in 2020, it was rated on a 4-point scale. For the convenience
of analysis, the 2018 response scale was converted to a 4-point scale.
(Note: The 2018 response scale was converted from a 7-point rating
scale to a 4-point rating scale: (1) Strongly Disagree, (2) Disagree,
Somewhat Disagree (3) Neither Agree nor Disagree, Somewhat Agree
(4) Agree, Strongly Agree.)

Question 10-4 measured the extent to which respondents use
public services, such as taxes, public services, and welfare information
services, on a PC or mobile device. Responses were split between PC
and mobile devices, and both were rated on a 4-point rating scale. For
the convenience of analysis, PC and mobile responses were weighted
at 50% each and combined. The score distribution ranged from
1(never) to 4 (always), with higher scores indicating that users were
more likely to access public services via PC and mobile phones. (Note:
Question 104 can only be answered by respondents who have used
the internet in the last month, thus reducing the sample size.)

Column 1 of Table 4 shows the results of the analysis after
replacing the dependent variable with life satisfaction in the
benchmark model. The results show that ICT is positively associated
with life satisfaction ($=0.681, p=0.000), life satisfaction was higher
before COVID-19 (f=-1.309, p=0.000), and the interaction term
between ICT and COVID-19 is statistically significant for life
satisfaction (f=—0.273, p=0.007). Column 2 of Table 4 shows the
results of the analysis after replacing the existing independent variable
ICT with E-gov. The results show that similar to the benchmark
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TABLE 4 Robustness check: factors associated with the mental health of
older adults in South Korea.

Variables (1) (2) (3)
Life Mental Life
satisfaction = health = satisfaction
ICT 0.681 7%
(0.075)
E-gov 0.179%%% 0.906%%*
(0.022) (0.090)
1.COVID —1.309%# —0.052 —0.942%%
(0.069) (0.043) (0.156)
1.COVID#c.ICT —0.273 %k
(0.100)
1.COVID#c.
E-government —0.054* —0.3827%%%
(0.028) (0.108)
Constant 8.2907##* 1.703%** 7.691%%*
(0.442) (0.178) (0.628)
Observations 9,301 6,023 6,028
R-squared/Pseudo
R-squared 0.288 0.201 0.281
F-test for joint significance
ICT-COVID*ICT 52.39%k
COVID-COVID*ICT 361.33%%%
E-gov-COVID* E-gov 58274k 86.16%*
COVID-COVID*E-gov 25.09%** 261.02%%%

Robust standard errors in parentheses. ***p <0.001, **p <0.01, and *p <0.05. The rest of the
variables in the benchmark model are controlled.

model, E-gov has a significant positive association with mental health
($=0.179, p=0.000), while COVID-19 is not significant; however, the
interaction term between E-gov and COVID-19 is statistically
significant (f=-0.054, p=0.050). Column 3 of Table 4 shows the
results of the analysis by replacing the dependent variable with life
satisfaction and the independent variable with E-gov in the benchmark
model. The results show that E-gov (#=0.906, p=0.000) and
COVID-19 (f=-0.942, p=0.000) were significantly associated with
life satisfaction. The interaction term between E-gov and COVID-19
was also statistically significant (f=—0.382, p=0.000). The robustness
checks show that the interaction terms are statistically significant in
all three models (p<0.05). These results, along with those of the
benchmark model, demonstrate that ICT accessibility is positively
associated with mental health in older adults. However, during the
COVID-19 period, the positive association between ICT accessibility
and mental health has weakened.

6. Conclusions and discussions

This study examined the association between ICT accessibility
and mental health in older adults during the pandemic. Multiple
regression models were used and heterogeneity and robustness
analyses were performed.
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During the pandemic, ICT accessibility of older adults maintained
a positive association as it did before the pandemic; however, this
association weakened during the pandemic. We included the
ICT x COVID-19 interaction variables in this study. The results
confirmed that when controlling for ICT levels, the positive
association between COVID-19 and the mental health of older adults
decreased, as supported by the joint significance test. These results
suggest that ICT accessibility during the COVID-19 pandemic has a
comparatively smaller association with mental health than that before
the pandemic, and may even contribute to a decline in mental health.

There are two reasons for this finding. First, when ICT is used for
leisure activities or social interaction, it is positively associated with
mental health (73-75). Previous studies have shown that ICT is
positively associated with mental health when mediated by social
support or activities. However, owing to the ubiquity of ICT during
the pandemic, older adults without ICT training may feel
uncomfortable. This creates a digital divide, in which ICT use becomes
socially passive. Previous studies have argued that more frequent ICT
use during the pandemic led to discomfort among older adults and
created a digital divide (19, 57, 76). Furthermore, older adults use ICT
primarily for social interaction, and struggle with internet shopping
and financial transactions. Subjective well-being increased
significantly when older adults used ICT for leisure purposes. These
findings indicate that ICT plays an important role in improving
mental health when actively used for social interactions and leisure,
while its passive use in online work or shopping may be detrimental
to mental health (56, 77, 78). The tasks of public institutions or vaccine
applications through ICT during the COVID-19 pandemic have
negatively influenced the mental health of older adults. Second,
frequent ICT exposure during the pandemic increased anxiety about
COVID-19, thereby affecting mental health. Studies have shown
anxiety and depression among older adults due to COVID-19 (79-82)
and found that anxiety was higher among older adults who received
COVID-19 information through social media (83, 84). Thus,
emotional contagion on social media can affect mental health.

In Model 1 of the benchmark regression analysis, age, sex,
education, occupation, type of residence, residential area, living
arrangement, disability, social support, and guarantee of living were
associated with the mental health of older adults. These findings
support previous studies, indicating that demographic factors in older
adults are associated with mental health (31-34). In terms of age,
mental health tended to decline as individuals grew older. This could
be attributed to older adults experiencing physical vulnerabilities and
cognitive decline compared to younger generations, which may amplify
feelings of depression. Mental health is expected to deteriorate with
age. Additionally, mental health was better among males than females.
This finding is consistent with that of a previous study indicating that
older females are generally more likely to experience mental health
disorders than younger females (32). Furthermore, higher levels of
education and employment were associated with better mental health.
This could be attributed to individuals with higher education attaining
better social positions, and highly educated individuals or those in
professional occupations having better prospects for maintaining
employment and engaging in social activities even in their later years,
leading to better mental health outcomes. With regard to residential
status, not residing in apartments, townhouses, or villas was associated
with poor mental health. In South Korea, not residing in such a
residential environment is often indicative of financial difficulties.
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Therefore, it can be predicted that individuals residing in “other” types
of residences might have the lowest mental health levels among the
three categories, excluding apartments, townhouses, and villas.
Residing in urban areas and living with family members were
associated with better mental health. This could be attributed to urban
areas having stronger healthcare systems than rural areas (34), and that
living with family members may reduce feelings of loneliness and
depressive symptoms among older adults. Furthermore, social support
can decrease feelings of loneliness among older adults and enhance
their self-confidence and self-esteem, leading to better mental health
outcomes. Thus, higher levels of social support are likely associated
with better mental health among older adults. This study highlights the
importance of emotional factors, such as social support, in the mental
health of an aging population (38-43). Finally, disability and guarantee
of living were associated with mental health in older adults (85, 86).
However, in contrast to a previous study (66), monthly income was not
associated with mental health in older adults.

Heterogeneity analysis revealed that during COVID-19, the
positive association between ICT accessibility and mental health was
most significantly weakened among older female adults in their 70s
residing in rural areas. Previous studies have shown that females
generally have higher rates of depression and are more vulnerable to
external environmental factors (67, 87); female adults in their 70s
living in rural areas may have been affected by emotional contagion,
such as concerns and fears of infection, while using ICTs during
COVID-19. Furthermore, considering the digital divide between rural
and urban areas in South Korea, older adults living in rural areas may
have had difficulty shopping online or using public services via ICT
during the COVID-19 pandemic.

This study proposes a few policy recommendations. First, the
South Korean government should implement regular ICT education
programs specifically tailored to older adults. These programs should
focus on raising awareness about ICT and providing training on using
ICT devices and platforms effectively. It is important to address any
potential feelings of alienation or discomfort that older adults may
have toward ICT, and emphasize the benefits and convenience it can
bring to their lives. Given that older adults may have a slower
adaptation rate to the digital society than younger age groups, periodic
ICT education will greatly assist them in integrating into the digital
society. Second, when providing e-government services to older
adults, the government should ensure that the systems are user-
friendly and easy to understand. Many of South Koreas subsidy
systems and vaccination applications are implemented through
e-government platforms that utilize ICT. However, if these systems are
complex and difficult for older adults to navigate, they can negatively
influence their mental health. Therefore, it is crucial to design and
develop user-friendly systems that cater to older adults’ needs and
capabilities. Finally, promoting older adults’ participation in social
communities facilitated by ICT can improve their mental health.
Online gaming companies and local governments operate senior
portal sites in South Korea. However, public awareness of these
platforms is relatively low. The government should support social
media sites, platforms, and communities that specifically target older
adults, and encourage their active engagement and participation in
society through ICT. The proposed policies aim to address the specific
challenges faced by older adults in accessing and utilizing ICT,
ultimately promoting their mental health during the digital age.
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7. Limitations and perspectives

One notable limitation of the present study is its reliance on
pooled cross-sectional data, which allows the observation of
associations between mental health and ICT among older adults
during the COVID-19 pandemic, rather than establishing causal
relationships. The absence of panel data restricted our ability to
examine temporal dynamics and draw definitive conclusions
regarding causality.

Furthermore, the measurement of ICT accessibility was limited to
indicators such as ICT ownership and internet access among older
adults. Specific purposes of ICT use, such as online shopping, leisure
activities, and engagement with e-government services, have not been
differentiated. Consequently, this study did not capture the nuanced
aspects of ICT accessibility and usage over time, which limited our
ability to analyze the specific pathways through which ICT accessibility
influences mental health.

However, our study found a weakening positive association
between older adults’ access to ICT and mental health during the
COVID-19 period. These findings suggest that in a post-pandemic
society where ICT adoption is expected to accelerate, our results will
contribute to the formulation of ICT-related policies for older adults.

To address these limitations, future studies should employ
rigorous methodologies, including panel data analyses, to investigate
the causal relationship between ICT accessibility and mental health
outcomes in older adults. Additionally, it is essential to expand data
collection efforts to encompass specific domains of ICT use, such as
social interaction, e-government engagement, and online shopping.
This will provide a more comprehensive understanding of the
potential influence of ICT on mental health, and facilitate the
development of targeted policy proposals tailored to the specific
contexts of social interaction, e-government use, and online shopping
among older adults.
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Objectives: The proportion of middle-aged and older adult people exposed
to the Internet continues to grow. Internet use may have an impact on the
mental health of the older adult, especially loneliness. This study analyzed the
relationship between Internet use and presence of loneliness.

Methods: A total of 550 person aged 45 years and above were randomly selected
from a province in eastern China at the end of 2022. The outcome variable was
presence of loneliness, as measured by self-report. Descriptive analysis, chi-
square test and binary logistic analysis were used to analyze the data.

Results: 58.3% of respondents use the Internet. Internet use could reduce
the possible of reported loneliness in middle-aged and older adult people
(OR =0.652, 95%CI: 0.465, 0.940), and residence played a moderating role in the
relationship between them. Middle-aged and older adults who used the Internet
for1-3h (OR = 0464, 95%CI: 0.275, 0.784) and 3-5h (OR = 0.484, 95%C/: 0.247,
0.946) were less likely to felt lonely than those who used the Internet for less
than 1h per day. In addition, middle-aged and older adult people using the
Internet to contact relatives and friends (OR = 0.488, 95%C/:0.292, 0.818), read
the news (OR=0485, 95%C/:0.277, 0.848), assets management (OR=0.297,
95%CI:0.109, 0.818) were less likely to report loneliness, while those who made
online payment (OR=3.101, 95%C/:1.413, 6.807) were more likely to report
loneliness.

Conclusion: There is a significant negative correlation between Internet use and
presence of loneliness, but different Internet duration and content have different
effects on loneliness in middle-aged and older adult people. We should pay
attention to the impact of Internet use on loneliness in middle-aged and older
adult people.
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Introduction

As Chinas economy grows and medical services improve,
people’s life expectancy increases, and China is entering an aging
society at the fastest rate (1-3). China has become the country with
the largest older adult population in the world, accounting for
about a quarter of the world’s older adult population (4). The
World Health Organization regards 45 years old and 60 years old
as the age criteria for middle-aged and older adult people,
respectively (5). According to China’s seventh census, there will
be more than 600 million people aged 45 and above in China in
2020, accounting for about 42.6% of the total population (6). With
the rapid development of Internet technology, the proportion of
the middle-aged and older adult population in the Internet
community continues to grow. Studies have shown that the
proportion of people aged 45 to 59 who have access to the Internet
in China has reached 50.0% (7). This part of the “quasi-older adult”
will be an important part of the future older adult population in
China. The proportion of Internet users aged 60 and above has also
climbed from 6.7% in March 2020 to 11.3% in 2022. Especially
during the COVID-19 pandemic, when the Internet has brought
many conveniences to life and Internet usage has risen sharply (3,
8,9). At the same time, the mental health of middle-aged and older
adult people may be affected by Internet use (10). Loneliness is an
important indicator of the mental health of the older adult, which
refers to the negative experience when there is a difference between
the expected social relationship and the established social
relationship (11). Studies have found that the older adult are
vulnerable to loneliness due to the loss of social roles, the reduction
of economic resources and the increase of injury (12). Loneliness
may lead to an increased risk of depression, cognitive impairment,
reduced life satisfaction, and severe loneliness is even associated
with a higher risk of death (13-17).

The impact of the Internet on middle-aged and older adult
people, especially on loneliness, has attracted more and more
attention. However, the academic community has not yet reached a
unified conclusion on the relationship between Internet use and
loneliness of middle-aged and older adult people. Some scholars
believe that by using the Internet, the older adult can break the
restrictions of geographical space and enhance their connection with
the outside world. Especially for the middle and young older adult,
the use of the Internet can improve social participation and have a
positive impact on mental health (18-20). Shillair found that the use
of the Internet can maintain and enrich the social relations of the
older adult, reduce the impact of loneliness, and improve life
satisfaction (21). Lam, Wang and others found that the use of the
Internet can reduce the anxiety, depression and other negative
emotions of the older adult (22, 23). Cotten also found that older
people who are reluctant to socialize also benefit from Internet use
(24). Some scholars hold different views that Internet use will occupy
the social time of the older adult in real life. And unhealthy Internet
behavior reduces the opportunities for face-to-face communication,
which is not conducive to emotional expression and the maintenance
of social relations, thus increasing inner loneliness (25-28). Other
scholars have also pointed out that people are affected differently by
the content and duration of Internet use (29). In terms of online time,
most of the existing studies focus on teenagers or college students
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(30, 31), and there are few studies on the relationship between online
time and loneliness in middle-aged and older adult groups. Although
some studies have explored the association between Internet use and
loneliness and reported different results (18, 27, 28), there is limited
evidence on the relationship between Internet use duration and
content and loneliness. In this paper, examining the roles of Internet
use duration and content may help understand the conflicting
findings in the literature.

In addition, the digital divide between urban and rural areas in
China is huge, and there may be obvious differences between urban
and rural residents (2). At present, although the Internet is promoted
nationwide, there are more non-Internet users in rural areas (32). A
study on China shows that with the acceleration of China’s
urbanization process, the rural youth population continues to flow to
the city, and the number of rural empty nesters is increasing.
Compared with cities, the mental health problems of the older adult
in rural areas are more prominent (33). Previous studies have shown
that during the pandemic, when middle-aged and older adult people
have certain restrictions on their activities, they can actively connect
with others through the use of the Internet to reduce loneliness.
However, the differences in Internet use between urban and rural
areas may have different effects on the loneliness of middle-aged and
older adult people in urban and rural areas (34). In this study, we will
explore the following questions: What is the relationship between
Internet use and presence of loneliness among middle-aged and older
adults during the COVID-19 pandemic? Specifically, what are the
effects of Internet use duration and content on loneliness among
middle-aged and older adult people? Considering the existence of
urban-rural differences, is the relationship between Internet use and
loneliness of middle-aged and older adult people influenced by place
of residence?

Methods
Study design and sampling

This study is a cross-sectional survey conducted in Shandong
Province in December 2022. The respondents were middle-aged and
older adult people aged 45 and above. Shandong Province is an
economically developed region in the east of China. It is the second
most populous province in China. In this study, we used the method
of stratified random sampling to collect data. In order to ensure that
the survey samples are representative of Shandong Province. Firstly,
we selected three prefecture-level cities in Shandong Province
according to the level of economic development, which are
economically developed cities, economically medium cities and
economically underdeveloped cities. Secondly, according to the same
principle, three counties (cities, districts) were extracted from each
prefecture-level city, and three natural villages (communities) were
extracted from each county. Finally, we randomly selected 20 middle-
aged and older adult people aged 45 and above in each natural village
(community). To protect the privacy of the survey subjects, we follow
the principle of informed consent and voluntary participation. The
questionnaires were filled in anonymously by individuals on site.
We assigned four to six trained investigators to each site, who
answered questions in real-time during the investigation. If
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participants were unable to fill out the questionnaire independently,
the investigators were available to offer face-to-face assistance. At the
end of the investigation, the questionnaires were collected on the
spot, investigators were checked by themselves and checked each
other. Invalid questionnaires such as too many missed answers,
logical errors and skipping answers errors were eliminated. In the
end, a total of 550 questionnaires were sent out, and 518 valid
questionnaires were recovered, with an effective recovery rate of
94.18%. Written informed consent was obtained from all participants
in this study. This study was approved by the Ethics Committee of
Weifang Medical University.

Measurement

The dependent variable of the study was presence of loneliness.
We used one question to measure the loneliness of middle-aged and
older adult people during the epidemic. Respondents were asked to
answer “Do you feel lonely?” The answer is “yes” and “no;” where 1 is
“yes” and 0 is “no” We simply defined loneliness as: loneliness is a
feeling and experience of subjectively being isolated and estranged
from others or society. At the scene of the investigation, the
investigator gives a detailed explanation. The independent variables
were Internet use (“Do you use the Internet?”; 1 =yes, 0=no), length
of Internet use (“How long do you use the Internet every day?”; 1 =less
than 1h, 2=1-3h, 3=3-5h, 4=more than 5h), and content of
Internet use. Content of Internet use included contacting relatives and
friends, watching the news, watching videos, getting health codes (a
QR code used to provide personal health information during the
epidemic prevention and control period), searching for health
information, online payment, online shopping, playing games, and
managing money (27, 32, 35). In addition, we collected the following
characteristics of the respondents as control variables: gender
(I=male, 2=female), age (1=under 60years old, 2=60years old and
above), marital status (1=not married, 2=married), residence
(I=rural, 2=urban), education level (1 =primary school and below,
2 =junior high school, 3 =senior high school and above), employment
status (1 =inactive, 2 =active).

Statistical analysis

SPSS software was used to process the data. Firstly, the basic
demographic characteristics and loneliness of the respondents were
analyzed descriptively. Secondly, the chi-square test was used to
compare the differences of loneliness among people with different
characteristics. Thirdly, taking loneliness as the dependent variable,
and taking Internet use, Internet use length and Internet use
content as the independent variables, the relationship between
Internet use and loneliness of middle-aged and older adult people
was tested by binary logistic regression model, and the significance
level was set as p <0.05. Finally, we used Model 1 of the PROCESS
program in SPSS to analyze the moderating effect. In Model 1,
presence of loneliness was taken as the dependent variable, Internet
use as the independent variable, residence as the moderating
variable, and other variables as the control variable, to test the
moderating effect of residence on the relationship between Internet
use and presence of loneliness.
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Results

Socio-economic and demographic
characteristics of respondents and
presence of loneliness

A total of 518 middle-aged and older adult people were
investigated, including 227 males, accounting for 43.8%, and 291
females, accounting for 56.2%. There were 286 people under 60 years
old, accounting for a 55.2%, and 232 people over 60years old,
accounting for a 44.8%. There were 450 persons (86.9%), with the
status of being married. 408 people (79.2%) live in rural areas. There
are 197 people with primary school education and below, accounting
for 38.0%, and 191 people with high school education and above,
accounting for 36.9%. The employment status was active in respect of
331 persons (63.9%).

Of the 518 middle-aged and older adult people, 240 felt lonely,
accounting for 46.3%. The results of the chi-square test are shown in
Table 1. The presence of loneliness of the interviewees varied with
marital status (p<0.05) and educational level (p<0.05). The
proportion of participants who were not married felt lonely was
higher than those who were married, and the proportion of
participants with primary school education or below felt lonely was
higher than those with junior high school education, senior high
school education or above.

Internet usage status of respondents

Among the respondents, 302 person use the Internet, accounting
for 58.3%, and 216 person do not use the Internet, accounting for
41.7%. Among the middle-aged and older adult people who use the
Internet, the majority of them spend 1-3 h online every day, with 146
people, accounting for 40.8%. Most people use the Internet to
communicate with relatives and friends, with 212 people, accounting
for 19.6%. In addition, our study found that middle-aged and older
groups differed in Internet use, duration, and content. The results of
the chi-square test showed that the presence of loneliness of
respondents varied with Internet use (p <0.05), Internet content
(p <0.05), and Internet duration (p <0.05). The proportion of
participants who were not use internet felt lonely was higher than
those who were used, and the participants who spent less than 1h
online were more likely to felt lonely than those who spent more than
5h, 3-5h, and 1-3h. The proportion of participants who used the
Internet for online payments felt lonely was higher than those who
used it for other purposes (see Table 1).

The relationship between Internet use and
presence of loneliness

We used a logistic regression model to examine the relationship
between Internet use and presence of loneliness. Loneliness was the
dependent variable (0=no, 1=yes), and Internet use was the
independent variable, which were included in the logistic regression
model. Model 1 in Table 2 reports results without control variables.
Model 2 reports results with control variables. As shown in Model 1,
middle-aged and older adult people who use the Internet were less
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TABLE 1 Sociodemographic characteristics and the presence of loneliness among total study group.

Variables Total N Lonely N (%) Not lonely N (%) X7 fo)
Gender

Male 227 106 (46.7%) 121 (53.3%) 0.022 0.929
Female 291 134 (46.0%) 157 (54.0%)

Age

<60 286 127 (44.4%) 159 (55.6%) 0.953 0.332
>60 232 113 (48.7%) 119 (51.3%)

Marital status

Not married 68 42 (61.8%) 26 (38.2%) 7.497 0.009
Married 450 198 (44.0%) 252 (56.0%)

Residence

Rural 408 183 (44.9%) 225 (55.1%) 1.909 0.191
City 107 56 (52.3%) 51 (47.7%)

Education level

Primary school and below 197 98 (49.7%) 99 (50.3%) 6.190 0.045
Junior middle school 130 48 (36.9%) 82 (63.1%)

High school and above 191 94 (49.2%) 97 (50.8%)

Employment status

Unemployed 187 81 (43.3%) 106 (56.7%) 1.071 0.314
Employed 331 159 (48.0%) 172 (52.0%)

Internet use

Yes 302 127 (42.1%) 175 (57.9%) 5.333 0.025
No 216 113 (52.3%) 103 (47.7%)

Internet duration

less than 1h 122 68 (55.7%) 54 (44.3%) 9.664 0.022
1-3h 146 55 (37.7%) 91 (62.3%)

3-5h 62 25 (40.3%) 37 (59.7%)

More than 5h 28 14 (50.0%) 14 (50.0%)

Internet content

Connect with friends and family 212 84 (39.6%) 128 (60.4%) 23.205 0.006
Watch the news 175 65 (37.1%) 110 (62.9%)

Watch the video 174 65 (37.4%) 109 (62.6%)

Get a health code 172 63 (36.6%) 109 (63.4%)

Search for health information 132 53 (40.2%) 79 (59.8%)

Online payment 93 46 (49.5%) 47 (50.5%)

Online shopping 87 37 (42.5%) 50 (57.5%)

Play games 34 15 (44.1%) 19 (55.9%)

Assets management 33 11 (33.3%) 22 (66.6%)

likely to felt lonely (OR =0.661, 95%CI:0.465, 0.940). This conclusion
is still supported when control variables are included. As shown in
Model 2, we found that marital status and employment status may
be related to the presence of loneliness in middle-aged and older
adult people. Married respondents were less likely to report loneliness
(OR =0.455, 95%CI:0.263, 0.787), and employed middle-aged and
older adult people were more likely to report loneliness (OR =1.585,
95%CI:1.034, 2.430). However, when we stratified the middle-aged
and older adult samples, we found that the effect of Internet use on
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loneliness in middle-aged and older adult people was not significant,
which we believe may be due to insufficient sample size.

The influence of Internet use duration and
content on presence of loneliness

We used a logistic regression model to further examine the
relationship between the duration and content of Internet use and
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TABLE 2 Effects of Internet use on loneliness.

Variables
Model 1
OR (95%ClI)

Internet use (ref=No) 0.661 (0.465, 0.940)**

10.3389/fpubh.2024.1284180

Dependent variable: loneliness (0 = no, 1 =yes)

Model 2
OR (95%ClI)

0.652 (0.465, 0.940)**

Model 3
OR (95%ClI)

0.618 (0.418, 0.913)**

Gender (ref=Male)

0.975 (0.675, 1.408) 0.967 (0.418, 0.913)%**

Age (ref=<60)

1.276 (0.818, 1.990) 1.338 (0.857, 2.092)

Marital status (ref=Not married)

0.455 (0.263, 0.787)*** 0.453 (0.262, 0.785)***

Education level (ref=Primary school and below)

0.998 (0.774, 1.286) 0.981 (0.760, 1.266)

Employment status (ref=Unemployed)

1.585 (1.034, 2.430)** 1.575 (0.760, 1.266)**

Residence (ref=Rural)

1.539 (0.944, 2.510) 1.934 (1.112, 3.363)**

Internet use x Residence

0.295 (0.098, 0.888)**

Constant 1.097

0.713 1.117

R? 0.014

0.050 0.063

*5p <0.05, #**p <0.01.

TABLE 3 Effects of duration and content of Internet use on loneliness.

Dependent variable: loneliness (0 = no, 1 =yes)

Model 4
95%ClI

Model 5

OR 95%CI

Internet usage time (ref=1less than 1h)

1-3h 0.464 0.275, 0.784 0.004

3-5h 0.484 0.247, 0.946 0.034

More than 5h 0.623 0.261, 1.490 0.288

Internet usage content

Connect with friends and family 0.488 0.292,0.818 0.006
Search for health information 1.022 0.567, 1.842 0.942
Watch the news 0.485 0.277,0.848 0.011
Watch the video 0.615 0.368, 1.026 0.063
Play games 1.976 0.726, 5.380 0.183
Assets management 0.297 0.109, 0.812 0.018
Get a health code 1.117 0.598, 2.087 0.728
Online payment 3.101 1.413, 6.807 0.005
Online shopping 0.699 0.361
Control variable YES YES

Constant 1.662 0.583 1.076 0.938
R? 0.112 0.187

loneliness. The presence of loneliness was taken as the dependent
variable (0=no, 1 =yes), the duration of Internet use (model 4)
and the content of Internet use (model 5) were taken as the
independent variables to be included in the logistic regression
model. As shown in Table 3, compared with middle-aged and
older adult people who used the Internet for less than 1h per day,
those who used the Internet for 1-3h (OR=0.464, 95% CI: 0.275,
0.784) and 3-5h (OR =0.484, 95%CI: 0.247, 0.946) were less likely
to felt lonely. There was no statistically significant effect when the
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duration of use was more than 5h. In addition, different contents
of Internet use have different effects on middle-aged and older
adult people. Using the Internet to contact relatives and
friends (OR=0.488, 95%CI:0.292, 0.818), read the news
(OR=0.485,95%CI:0.277, 0.848), assets management (OR =0.297,
95%CI:0.109, 0.818) middle-aged and older adult people were
less likely to report loneliness, while those who made online
payment (OR=3.101, 95%CI:1.413, 6.807) were more likely to
report loneliness.
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FIGURE 1
Discussion of the moderating role of residence.

Moderating role of place of residence
between Internet use and loneliness

We used the presence of loneliness as the dependent variable,
Internet use as the independent variable, residence as the moderating
variable, and carried out the moderating effect analysis on the basis of
controlling other variables. Model 3 in Table 2 showed that the
interaction terms of Internet use and residence significantly predicted
loneliness (p <0.05, OR=0.295, 95%CI: 0.098, 0.888). A further simple
slope test, as shown in Figure 1, showed that Internet use was not a
significant predictor of loneliness in middle-aged and older adult
people living in rural areas (p>0.05, OR=0.815, 95%CI: 0.536, 1.237),
and in urban areas. Internet use was a significant predictor of
loneliness among middle-aged and older adult people (p<0.05,
OR=0.229,95% CI. 0.080, 0.655). Internet use had a more significant
effect on loneliness among middle-aged and older adult people in
urban areas relative to those in rural areas.

Discussion

This study investigated the current situation of Internet use in the
middle-aged and older adult people and the impact of whether to use
the Internet, the content of use and the duration of use on presence of
loneliness. We learned about the Internet use behavior of middle-aged
and older adults during the COVID-19 pandemic. The results of the
study can further elucidate the relationship between Internet use and
presence of loneliness in the middle-aged and older adult people, and
provide reference for the development of interventions to improve the
well-being of them.

First, in terms of Internet use, 58.3% respondents use the
Internet. It is higher than the Internet access rate of the older adult
aged 60 and over in China (38.6%) (1). However, compared with
young people, the proportion is still low (36). Although the Internet
usage rate of middle-aged and older adult people is relatively low, the
proportion of middle-aged and older adult Internet users is increasing
year by year. With regard to the content of Internet use, consistent
with the research of Loipha et al., the needs of the older adult for the
Internet are relatively simple, and most of them use it to contact
relatives and friends, watch news, watch videos, search for health
information, pay online and obtain health codes during the epidemic
(37, 38). Studies have shown that older people are interested in the
Internet primarily for health reasons and are more likely to search for
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health information online than other age groups (39, 40). In addition,
the number of Internet applications in China has increased steadily,
with the most obvious growth in short video, online payment and
online shopping, which has also affected the daily life of middle-aged
and older adult people to a certain extent (41). With regard to the
duration of Internet use, the results of our study showed that most of
the older adult use the Internet for less than 3 h a day, which is not
much different from the survey results of the 51st Statistical Report
on the Development of Internet in China (41), and is lower than that
of the older adult in the United States (42).

Second, there is a significant negative correlation between Internet
use and loneliness in middle-aged and older adult people, and
residence plays a moderating role in the relationship between them.
The results of our study showed that middle-aged and older adult
people who used the Internet were less likely to report loneliness than
those who did not use the Internet, which is consistent with the results
of Heo, Xu, Khalaila and others (43-45). In addition, the COVID-19
pandemic has reinforced the role of the Internet in reducing loneliness
during social distancing (46). The reasons are as follows. On the one
hand, the Internet has the advantages of real-time convenience and
convenient interaction, which can break the time and space
constraints, so that the older adult can keep close contact with
relatives, friends and children (47). This way of communication plays
an important role in delaying anxiety, improving the sense of
belonging and reducing loneliness (48). On the other hand, the
Internet provides an online social environment for the older adult
(49), which can establish a harmonious social network relationship by
meeting new friends, promote and enhance the social adaptability of
the older adult (50). In addition, spending time on the Internet can
enrich the leisure activities of the older adult, meet their social needs
with the outside world, obtain external information, expand social
interaction space, help to improve their life satisfaction (51, 52), and
thus regulate individual psychological state (7).

However, residence played a moderating role in the relationship
between Internet use and loneliness, and only middle-aged and older
adult people in urban areas felt significantly less lonely when using the
Internet. On the one hand, the main reason is that the Internet
penetration rate, network infrastructure construction and other
hardware conditions in rural areas lag behind those in urban areas. The
development of the Internet in China’s urban areas is faster than that
in rural areas. The Internet penetration rate in urban and rural areas is
81.3 and 57.6%, respectively. The scale of Internet users in rural areas
still lags behind that in cities, and the middle-aged and older adult
people in cities have more convenient access to the Internet. The cost
and speed of Internet access may affect the willingness of the older
adult people in rural areas to use the Internet (9, 25). On the other
hand, due to the long-term impact of Chinas urban-rural dual
structure, rural and urban residents are different in many aspects,
including education, income, available resources, interpersonal
relationships and living communities (32). Middle-aged and older
adult people living in urban communities have a relatively closed living
environment, and independent high-rise buildings restrict their social
activities. However, community management organizations provide a
higher level of public services, and they are more likely to use the
Internet to participate in community activities to alleviate loneliness.
Compared with cities, villages where rural residents live are more in
line with the traditional way of “living in groups” and have close
interpersonal communication. And the rural older adult do not have a
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fixed retirement age, they are still engaged in agricultural work after the
age of 60, enriching their daily activities, the Internet has little impact
on their lives, and has not played a role in alleviating loneliness (53).

Thirdly, for the middle-aged and older adult people who use the
Internet, there are significant differences in the impact of different
Internet use time and content on loneliness. In terms of the duration
of Internet use, compared with the older adult who use the Internet
for less than 1h a day, the older adult who use the Internet for 1-3h
and 3-5h a day have less risk of loneliness, while the duration of
Internet use for more than 5h is not statistically significant. Although
there is a negative correlation between Internet use and presence
loneliness, overuse may offset its positive effects, reduce
communication in real life, increase the sense of isolation between
people, and have a negative impact on their mental health (25, 54). In
terms of the content of Internet use, different contents have different
effects on the loneliness of middle-aged and older adult people.
Middle-aged and older adult people who use the Internet to contact
with family and friends, read the news and manage money were less
likely to report loneliness. This conclusion is consistent with the
findings of Jin and Choi, whose research results show that the leisure
provided by the Internet enriches people’s lives (55), and that social
software such as Weixin, Weibo and QQ can improve the level of
social interaction, thereby alleviating loneliness (29). In addition, our
study also found that middle-aged and older adult people who use the
Internet for online payment were more likely to report loneliness.
Cham’s research showed that most seniors were skeptical about using
online payments (56). First, they lack sufficient trust in network
security and worry about the leakage of personal information or the
loss of personal property. Second, the complexity of Internet
technology may make them anxious about technology use. This also
confirms the research of Erceg et al., who believe that certain online
activities can lead to compulsive use of the Internet, resulting in higher
levels of anxiety and loneliness, affecting mental health (57).

The advantage of this study is that it further confirms the negative
relationship between Internet use and loneliness in middle-aged and
older adult people, explores the role of residence in it, and provides new
evidence for the relationship between the length and content of
Internet use and loneliness. The study also has some limitations. Firstly,
this study used only one self-reported item to measure loneliness.
Because the survey time should not be too long during the epidemic
period, and the small sample size of the survey limited the length of the
questionnaire, we did not design too many questions. In the design of
the questionnaire, we refer to a large-scale survey in China, the health
status survey data of China’s older adult population (CLHLS), to
measure loneliness by “do you feel lonely” Which can only explore the
relationship between Internet use and the presence of loneliness, but
can not measure the degree of loneliness. Moreover, the inclusion of
other control variables in the study was limited. In the future, the Likert
scale should be used to measure the intensity, duration, and frequency
of loneliness in subsequent studies, and include as many control
variables as possible, taking into account family characteristics, social
support, health status and other factors of middle-aged and older adult
people. Secondly, the explanation of the difference in the moderating
effect of residence in this study is only an empirical and theoretical
inference, and the deeper mechanism behind the phenomenon needs
additional special discussion. Third, due to the limitation of data, there
may still be some endogenous problems that are difficult to eliminate
in the study process. The cross-sectional studies cannot determine
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causality, so the results presented in this study cannot answer whether
Internet use contributes to the key variables of loneliness in middle-
aged and older adult people. We will further analyze the relationship
between Internet use and loneliness in future studies.

This study revealed that middle-aged and older people who used
the Internet were less likely to report loneliness. In addition, different
types of Internet use content have different effects on loneliness, and
contacting relatives and friends, watching news and managing money
were related to lower loneliness, while online payment was related to
higher loneliness. At the same time, the longer they used the Internet,
the less likely they were to report loneliness, but overuse may have a
negative impact. In general, the impact of Internet use on middle-
aged and older adult people has two sides. On one hand, Internet use
gives possibility to reduce the presence of loneliness and mental-
health improvement. On other, there is also a risk of Internet addiction
when using the Internet excessively for a long time. Connection
between loneliness and Internet addiction could be a direction of the
future studies. Therefore, we should continue to pay attention to the
relationship between Internet use and loneliness of middle-aged and
older adult people. Manufacturers can develop smart products for
aging, which are convenient for their daily operation and use, and
reduce the barriers for them to use the Internet. Family members
should encourage and guide them to actively use the Internet to
strengthen social interaction, and pay attention to the time of surfing
the Internet. Society should establish a good network environment to
protect their safe use of the network and avoid telecommunications
fraud, personal information leakage and other incidents.
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